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Preface 

This thesis has been written as part of the Master’s Programme Sustainable Technology in KTH Royal 

Institute of Technology, Sweden. It has been developed from January 2018 until June 2018 under the 

supervision of Dr. Rajib Sinha and it was based on a research idea that was proposed by Assoc. Prof. Cecilia 

Sundberg.  

The idea was inspired by the ongoing research project "REFLOW - The Ecocycle Model for Stockholm Royal 

Seaport" which is a collaboration between KTH, Stockholm City Exploitation Office and the private company 

Ecoloop. One of the aims of the project is the development of an accounting model for physical resource 

flows (materials and energy) in order to monitor resource flows in the Stockholm Royal Seaport (SRS) 

district. In this context, a physical accounting model was developed in this thesis aiming to monitor material 

flows in urban areas. The scope of the model could potentially be expanded in the and include energy flows in 

order to function as a physical resource accounting model. Even though the focus of the REFLOW project is 

on the SRS district, the model that was developed in this thesis aims to be applicable at urban systems of 

different scales. 

The development of the model was an iterative process. Different accounting models based on different 

methodological approaches were developed in the past 5 months and they were presented to Assoc. Prof. 

Cecilia Sundberg and Dr. Rajib Sinha, as well to project partners, for evaluation. The feedback on these 

models steered the development of the final model which is presented in this thesis.  

Moreover, during this period the author of the thesis and Dr. Rajib Sinha visited several stakeholders 

involved in the development of the SRS district in pursuit of bottom-up data on material flows. Even though 

these visits did not succeed in securing data for all material flows in the district, they can be deemed as 

fruitful as it was found out that many stakeholders collect quantitative data which for the moment are not 

available, potentially due to the absence of an integrated database for recording this type of data. Another 

potential reason could be that the stakeholders may not be aware of the utility of this data for research or 

environmental monitoring purposes. 

Therefore, the work that is presented in this thesis could potentially initiate a dialogue amongst different 

stakeholders of the SRS district or even of the Stockholm City, on the necessity for a methodically organised 

system for collecting environmental data that could underpin the application of accounting models like the 

one presented in this thesis or that could support environmental monitoring in general. 

 

 

 

 

Asterios Papageorgiou 

Stockholm, May 2018 
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Abstract  

There is a plethora of methods and tools that can be used for the assessment of Urban Metabolism. 

Nevertheless, there is no standardized method for accounting of material flows within and across the 

boundaries of urban systems. This thesis aims to provide a physical accounting model for monitoring 

material flows in urban areas that could potentially become the basis for the development of a standardized 

accounting method in the long term. The model is based on a Physical Input Output Table framework and 

builds upon the strengths of existing accounting methods but at the same time it demonstrates new features 

that can address their limitations. The functions of the model were explored and evaluated through its 

application to an urban neighbourhood in the Stockholm Royal Seaport. Bottom-up data were used for the 

application of the model in the case study. The application of the model provided a preliminary description of 

the material flows in the neighbourhood and most importantly provided information that underpinned the 

assessment of the strengths and limitations of the model. It was deduced, that on the one hand the model can 

describe successfully the physical interactions between the urban socioeconomic system and the 

environment or other socioeconomic systems and at the same it has the potentials to illustrate the 

intersectoral flows within the boundaries of the system. In addition, it can be used to structure available data 

on material flows and promote the study of an urban system with a life cycle perspective. On the other hand, 

the process of compiling the tables of the model can be considered as complex and moreover the data 

requirements for the compilation of the tables are significant. Especially, the compilation of the tables of the 

model with bottom-up data may require a laborious data collection and analysis process, which however may 

not address all data gaps. Thus, the combination of bottom-up data with top-down data is recommended. 

Moreover, it is recommended the development of integrated databases for data collection and management 

at the municipal level and the fostering of collaboration between stakeholders within the municipalities to 

facilitate dissemination of data and information.  
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Sammanfattning 

Mer än hälften av den globala befolkningen bor numera i urbana områden och denna andel uppskattas öka 

under de kommande årtiondena. Urbana system förbrukar fysiska resurser och genererar stora mängder av 

rester vilket innebär påfrestningar på miljön samt hindrar en hållbar utveckling. Således kan förståelse av 

Urban Metabolism (UM) stödja insatserna för att effektivisera resursförbrukningen och avfallshanteringen. I 

detta sammanhang har en stor mängd av metoder och verktyg utvecklats och tillämpats i UM-studier, såsom 

Materialflödeanalys (Material Flow Analysis - MFA) och Input-output Analys (Input Output - IOA) baserat 

på fysiska input-output tabeller (Input Output Tables – PIOTs). Ändå saknas en standardiserad metod för 

redovisning av materialflöden inom och över gränserna av urbana system.  

I samband med detta examensarbete utvecklades en fysisk räkenskapsmodell för övervakning av 

materialflöden i urbana områden. Denna modell kan potentiellt bli grunden för en enhetlig metod för 

beräkning av materialflöden i urbana system. Modellen utvecklades i en stegvis process och baserades på 

litteraturgranskning. Grunden för modellen är ett omfattande PIOT ramverk som kan användas för 

registrering av materialflöden i urbana system. PIOT ramverket är annorlunda än de typiska PIOT-systemen. 

Det ger en tydligare avgränsning av systemgränserna, det visar tydligt ursprung och destination för 

materialflöden, och dessutom kan det erbjuda ett livscykelperspektiv på materialflödena. Modellen består av 

en uppsättning identiska PIOT. Varje deltabell innehåller materialflöden som tillhör i en specifik klass, 

medan huvudtabellen aggregerar materialet som strömmar för alla material från deltabellerna. Därigenom 

kan modellen avbilda materialflödena i ett aggregat-perspektiv och samtidigt ge fysiska räkenskaper för 

specifika materialtyper. 

Modellen användes i en nybyggd stadsdel i Norra Djurgårdsstaden (NDS), för att utforska och bedöma dess 

funktioner. För att kartlägga och kvantifiera flödena i stadsdelen genomfördes en MFA baserad på “bottom-

up-data”. Insamlingen och analysen av data var emellertid en besvärlig process och dessutom kunde flera 

materialflöden inte kvantifieras på grund av databrister. Därför kunde modellens tabeller inte fyllas 

fullständigt och ett flödesdiagram skapades med både kvantitativa och kvalitativa flöden. Trots att det fanns 

databrister lyckades tillämpningen av modellen att avbilda UM i det avgränsade urbana systemet på ett 

adekvat sätt. Det visade tydligt att nästan 96% av de materiella insatserna är ackumulerade i lager. Dessutom 

fastställde modellen kvalitativt den fysiska växelverkan mellan det urbana systemet och den naturliga miljön, 

det nationella socioekonomiska och det globala socioekonomiska systemet. Emellertid var det inte möjligt att 

bedöma modellens fullständiga potential eftersom det inte var möjligt att upprätta intersektorala kopplingar. 

Dessutom beräknades indirekta flöden av flera importerade material baserat på koefficienterna för 

materialintensitet. Detta tillvägagångssätt kan erbjuda insikt om de uppströms påfrestningar som orsakas av 

materialproduktionen. Dock finns det endast koefficienter för specifika material. Därför kan de inte 

användas för att uppskatta de indirekta flödena för varje materialinflöde. Dock framhöll deras partiella 

tillämpning att indirekta flödena var 38% högre än direktflödena, vilket indikerar att påfrestningar som 

utövas till miljön på grund av produktion av importerade material är betydande.  

Tillämpningen av modellen möjliggjorde en bedömning av både styrkor och svagheter hos modellen. Å ena 

sidan kan modellen fastställa fysiska interaktioner mellan det urbana socioekonomiska systemet och 

naturmiljön, det nationella socioekonomiska systemet och det globala socioekonomiska systemet. Dessutom 

har det potential att beskriva intersektorala flöden inom gränserna för det urbana systemet och det kan 

erbjuda insikt om materialinflödenas ursprung och materialutflödenas destination. En annan styrka i 

modellen är att den erbjuder livscykelperspektiv genom att ta hänsyn till indirekta flöden av importerade 

material. Å andra sidan demonstrerades att sammanställningenav modellens tabeller kräver en stor mängd 

data, speciellt när data erhålls med ett ”bottom-up” tillvägagångssätt. Ändå är bottom-up data inte alltid 

tillgängliga för urbana områden. En annan svaghet är att sammanställningenav tabellerna i modellen med 

bottom-up-data kräver en mödosam process för datainsamling och analys. Dessutom kräver analysen av data 

många antaganden som ökar osäkerheten i resultaten. 

Ovanstående svagheter i modellen kan hindra tillämpningen av modellen för räkenskap av materialflöden på 

urbana områden. Således rekommenderas kombinationen av bottom-up-data med top-down data för 

tillämpning av modellen. Dessutom föreslås utvecklingen av integrerade databaser för datainsamling om 

materialflöden i urbana områden. 
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1. Introduction 

1.1 Background and problem description 

According to the concept of Urban Metabolism (UM) the city is regarded as a living organism or a natural 

ecosystem which metabolizes material and energy inflows into producing outflows (products and residuals) 

(Zhang, Liu and Chen, 2013). UM is a holistic approach used for studying the interactions among physical 

resource flows (materials and energy), transformation processes, waste outflows and consumption patterns 

within a city (Browne, O’Regan and Moles, 2009). Thus, it can provide insights on how the socio-economic 

processes within the urban system function, which eventually can shed light on how the whole system 

functions (Zhang, Liu and Chen, 2013). Thereby, the sustainability of an urban area can be assessed and the 

potentials for reducing its pressures to the environment can be explored (Zhang, Yang and Yu, 2015). UM 

studies have been conducted to support urban planning and design, decision making, sustainability 

reporting, greenhouse gas accounting, policy analysis and design of circular economy in cities (Kennedy, 

Pincetl and Bunje, 2011; Kalmykova and Rosado, 2015). 

There is a plethora of methods and tools for studying UM, such as Material Flow Analysis (MFA), Energy 

Flow Analysis (EFA), Emergy Analysis (EA), Life Cycle Assessment (LCA), Input Output Analysis (IOA), 

Ecological Footprint (EF) and Ecological Network Analysis (ENA) (Zhang, Yang and Yu, 2015; Musango, 

Currie and Robinson, 2017). Amongst these methods, MFA is probably the most widely applied method for 

studying UM (Hunt et al., 2014). The term MFA designates a family of tools that have been developed to 

monitor and analyse material flows throughout a system, such as nation, region, city or company, based on 

the principle of mass balance (OECD, 2008a). Tools, such as Economy-wide material flow analysis (EW-

MFA) and Substance Flow Analysis (SFA) can be applied at different scales, at various levels of detail and 

with focus on different materials scope. These tools are usually associated with physical accounts (accounts 

in physical units) that form the basis for different types of analysis and estimation of various indicators 

(OECD, 2008a). According to Burström et al. (1997), these material flow accounts could be integral to the 

development of an overall system of physical resource accounting used for environmental management, 

environmental monitoring and environmental information development in urban systems.  

Material flow accounts can be produced in the context of a MFA on the level of goods or in the context of a 

SFA. In general, there is no standardized methodological approach for the application of these two tools and 

usually the followed approach varies from case to case. Brunner and Rechberger (2017) suggested a stepwise 

procedure to establish materials balances for systems of various scales. To support the modelling of the 

system Brunner and Rechberger developed the STAN software. The methodological approach suggested by 

the two scholars has been applied successfully for supporting environmental management, resource 

management, waste management and industrial applications (Brunner and Rechberger, 2017).  Nevertheless, 

the approach does not adopt a life perspective as it focuses only on core systems without taking into account 

upstream and downstream flows (Sinha and Sundberg, n.d.). Moreover, it does not provide a standardized 

comprehensive framework for systematic accounting of material flows.  

By contrast EW-MFA provides a standardized accounting framework for material flows. EW-MFA has been 

developed by the Statistical Office of the European Communities (Eurostat 2001; 2013) predominately for 

conducting MFA on a national scale. It is a standardized methodology based on economy-wide material flow 

accounts for systematic recording of material flows throughout the boundaries of national economy and 

estimation of aggregated indicators (OECD; 2008a). The methodology was adapted to urban scale for 

studying the UM of Paris, Lisbon, Limerick and Curitiba (Barles, 2009; Niza, Rosado Ferrão, 2009; Browne, 

O’Regan and Moles, 2011; Conke and Ferreira, 2015). The adapted EW-MFA can support material flow 

management and dematerialisation strategies for urban areas and guide the development of environmental 

policies (Musango, Currie and Robinson, 2017). However, the main limitation of this approach is that it 

usually considers the socio-economic system as a black box and counts only flows that cross the system 

boundary and not the inter-sectoral flows within the system (Hunt et al., 2014). Thus, the level of detail in 

the analysis is limited as the it cannot depict the complex metabolism within the economic system (Bellstedt, 

2015; EEA, 2016).  



 
2 

To overcome the limitations of the MFA tools mentioned above, the method of IOA based on Physical Input 

Output Tables (PIOTs) has been applied in several studies. This method has been developed for analysing the 

metabolism of national economic systems. It is based on the mass balance principle, therefore it has often 

been regarded as a tool belonging to the MFA family of tools (OECD, 2008a), though a rigid demarcation of 

where PIOTs start and MFA ends is difficult as the two methods converge (Hoekstra, 2010). In this thesis 

IOA based on PIOTs is considered as a separate methodology. PIOTs, in general, provide comprehensive 

accounting of material flows between the economic system and the natural environment (Giljum and 

Hubacek, 2009) and at the same time open the black box and account for intersectoral flows within the 

system (Xu and Zhang, 2008). Therefore, PIOTs are considered more suitable for analysing the metabolism 

of economic systems. Nevertheless, the applications of PIOTs have been limited mostly due to significant 

data requirements (OECD, 2008a) and large investment required for their compilation (Hoekstra, 2010). In 

most of the cases the method has been applied on national scale (Stahmer, Kuhn and Braun, 1997; Gravgård-

Petersen, 1999), and only in a few cases it has been applied on urban scale (Xu and Zhang, 2008; Chen et al., 

2013).  

Hence, it can be deduced that there is a variety of methodological approaches for accounting material flows 

at urban level. The variation of the methodological approaches increases further by the approach used to 

obtain data for the study. There are two types of data; top-down data and bottom-up data. Data derived with 

a top-down approach are coarse or highly aggregated data obtained at the national or regional scale which 

are scaled down to urban level. Data derived with a bottom-up approach are detailed data obtained at the 

community and household scales which are scaled-up to urban level (Chrysoulakis, 2013; Zhang, Yang and 

Yu, 2015). The main advantage of the bottom-up approach is that it can provide a high-resolution accounting 

of the material flows throughout an urban city. However, this approach is very data intensive and laborious 

(Brunner and Rechberger, 2017) and on account of this most of the UM studies adopt a top-down approach 

(Beloin-Saint-Pierre et al., 2017). An intermediate approach is to use both top-down and bottom up data. 

Nevertheless, the disaggregation of top-down data in order to fit it effectively with available bottom-up data 

is challenging (Beloin-Saint-Pierre et al., 2017).  

Despite the availability of different methods and tools for material flow accounting, the number of studies 

focusing on urban or regional level has been limited, compared to the number of studies focusing on national 

level (Niza, Rosado and Ferrão, 2009). The main reason for this is probably the poor availability of high 

quality data for urban systems. Another constraint is the variability of boundary conditions amongst different 

urban systems which impedes the establishment of a widely-accepted methodology (Turan and Fernández, 

2015). A potential reason could also be the absence of a standardized methodology for accounting of material 

flows in urban areas, which would be based on a comprehensive physical accounting model. As a result, 

physical accounts of material flows throughout urban areas have not been produced systematically for urban 

areas, by contrast to physical accounts compiled regularly for national economic systems.  

In the Stockholm region, the first ideas on physical resource (materials and energy) accounting date back to 

the early 1990’s (Frostell, n.d.). One of the first attempts during the 1990’s, was the ORWARE model which 

combined MFA with LCA to account for and analyse resource flows within Stockholm’s waste management 

system (Dalemo et al., 1997). During the same period, the ComBox model was developed that aimed to 

combine MFA with state-of-the-environmental monitoring (Burström et al., 1997). The ComBox model was 

the basis for the conceptualization of the MONITOR programme which aimed to provide an integrated 

environmental information system (Frostell et al., 1999). However, the programme was not completed due to 

lack of funding (Frostell, n.d.). Another accounting model was the Environmental Load Profile (ELP) that 

could be used to assess the environmental performance of Hammarby Sjöstad by measuring physical 

resource flows in a life cycle perspective (Forsberg, 2003). In 2012 KTH was granted funding to develop the 

Eco cycle model 2.0, which is a conceptual model attempting to visualize physical resource flows, functions 

and synergies within the Stockholm Royal Seaport (SRS), a new environmental district under development in 

north-east Stockholm (Frostell, n.d.). However, the visualization of physical resource flows was done in a 

qualitative way (Ranhagen and Frostell, 2014). The quantification of these flows could provide further 

insights regarding material metabolism in the district, though it would require a physical accounting model 

which for the moment has not been developed.  
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The more recent development is the research project REFLOW which was initiated in 2017. The project is a 

collaboration between KTH, Stockholm City Exploitation Office and the private company Ecoloop. The main 

aim of the project is the development of a physical resource accounting model that could support the 

quantitative description of physical resource flows in the SRS district. The accounting model will prioritize 

the use of bottom-up data that have been collected and managed by various stakeholders in the city of 

Stockholm. In this context, the model will contribute to the ongoing dialogue on how collection and 

management of useful bottom-up data should be performed at the urban level. The model currently is under 

development and an accounting model for material flows could become an integral part of the physical 

resource accounting model.  

This thesis aims to address two problems. First, the absence of a comprehensive accounting model for 

monitoring material flows in urban areas, that would be grounded on the strengths of existing methodologies 

and tools and at the same time it would overcome their limitations. In this context, the model should be able 

to open the black box by accounting for intersectoral flows, to incorporate life cycle thinking and to prioritize 

the use of bottom-up data in order to provide a high-resolution analysis of the UM. Second, the absence of an 

accounting model that could become the basis of a system for systematic physical resource accounting based 

primarily on bottom-up data, initially in the SRS district and in the Stockholm municipality in the long term.  

 

1.2 Aim and objectives  

Aim: The aim of the thesis is to develop a physical accounting model for monitoring material flows in an 

urban area and demonstrate and evaluate its functions through its application in a case study in the SRS 

district. The underlying aim of the thesis is to provide knowledge on how materials metabolized by an urban 

area can be systematically accounted for via an accounting model that will ultimately be used as a monitoring 

instrument for analyzing the UM of that area. 

Objectives 

1. To review the state of the art in methods used for UM assessment, with focus on accounting methods 
for material flows. 

2. To develop a physical accounting model for monitoring material flows in urban areas.  

3. To explore the functions of the model through its application in a case study.  

4. To assess the strengths and limitations of the accounting model. 

 

1.3 Scope and limitations 

The study of UM can be conducted through various methods and tools. In this thesis, the focus was on 

methods and tools that could underpin the development of a physical accounting model for material flows in 

an urban area. Therefore, MFA tools and PIOTs were reviewed and analysed through the literature review. 

The developed accounting model aims to become the basis of an overall monitoring system for physical 

resources (materials and energy) for urban areas. However, due to time limitations, the accounting model 

was developed with focus on material flows only. 

In general, it was beyond the scope of the thesis to quantify all the material flows in the SRS district. Instead, 

the thesis aimed to explore conceptual issues regarding the development of the accounting model and its 

preliminary application. In this context, the application of the model on a small-scale urban system aimed to 

underpin the assessment of the strengths and limitations of the model and not to provide a thorough 

quantitative description of the material flows.  
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1.4 Structure of the thesis 

The thesis is structured as follows. In Chapter 2 a brief overview of the methods that were applied in the 

thesis is provided. The findings of the literature review are described in Chapter 3. Chapter 4 describes the 

methodological approach for the development of the physical accounting model. The main result of the thesis 

is the accounting model itself which is described in Chapter 5. In Chapter 6 the application of the model in 

the context of a case study is described, while in Chapter 7 the results of the thesis are discussed. Finally, 

Chapter 8 provides conclusions and recommendations.  
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2. Methods 

This chapter provides an overview of the methods employed for the accomplishment of the objectives of the 

thesis. A detailed description of the methodological approach that was followed for the development of the 

accounting model, is provided in Chapter 4. The methodology of the thesis comprises four main parts, each 

one aiming to address one of the abovementioned objectives of the thesis. 

The first objective was accomplished by conducting an extensive literature review. The strategy for the 

literature review was to start by gathering and analysing information over the UM in general, and then 

narrow down the scope of the review to methods and tools that are used for physical accounting of material 

flows. The procedure that was followed comprises the following four steps: 

Step 1: Identification and study of past reviews on UM, such as the articles by Kennedy, Pincentl and 

Bunje (2011), Zhang, Yang and Yu (2015), Beloin-Saint-Pierre (2017). These studies provide insight on the 

history and development of the UM concept and an overview of the methods and tools that are used for 

the study of UM. In addition, they provide up-to-date reference lists where relevant literature sources 

could be identified. 

Step 2: Identification and critical review of studies that describe specific methods and tools that can been 

used for accounting of material flows at various system scales. At this stage, MFA and PIOTs were 

evaluated as the most appropriate methods for accounting of material flows at urban scale.  

Step 3: Delving into PIOTs and MFA through the identification and analysis of studies that described the 

application of these methods. Priority was given to studies that described the application of the methods 

at the urban level, though case studies with applications of the methods at national or industry level were 

reviewed as well. Especially, for PIOTs most of the case studies were at national level, hence it was 

necessary to include them in the scope of the literature review. All the studies were analysed in order to 

evaluate the applicability of these two methods at urban level and assess their strengths and limitations.  

Step 4: Two different approaches to obtain data for the assessment of UM were identified in the 
literature, namely the top-down and the bottom-up approach. At the final step of the literature review, 
these two approaches were compared through analysis of studies where these approaches were adopted.  

In general, the literature review was conducted by prioritizing the collection and critical analysis of scientific 

journal articles, books and published reports by Eurostat, UN, OECD or other organizations. Conference 

papers and published PhD theses were reviewed as well, albeit only those which were deemed to represent 

original and high-quality research were considered. The most significant tools for identifying literature 

sources were the KTH online library database, Google scholar database and the database of ResearchGate. 

Iterative searches were conducted through these databases by using the following search terms, either alone 

or in combination: 

 Urban metabolism 

 MFA/EW-MFA/SFA/Urban 

 PIOT/Urban 

 Bottom-up approach/Bottom-up data 

 Top-down approach/Top-down data 

Finally, the findings of the literature review were summarized in a structured way in the third chapter of the 

thesis in order to inform the reader about the concept of UM and about methods and approaches used for the 

assessment of UM. Moreover, the findings of the literature review provided the context of the methodological 

approach for developing the physical accounting model. 

For the second objective, a stepwise process was followed for the development of the accounting model. The 

process consists of the following 8 steps which are described in detail in the fourth chapter: 

aaaaa 
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Step 1: Goal definition. 

Step 2: System definition;  

Step 3: Development of a conceptual model of an urban area; 

Step 4: Selection of the appropriate methodology 

Step 5: Development of the structure of the model 

Step 6: Classification of the economic activities 

Step 7: Classification of the materials 

Step 8: Determination of the approach for quantification of material flows 

 

To accomplish the third objective, the model was applied for accounting the material flows to a particular 

neighbourhood in the SRS district. A bottom-up approach was adopted to obtain data for the model. 

Therefore, primary data from an inventory of the city of Stockholm were obtained and then analysed in order 

to be used for the application of the model. The process of data collection and analysis is described in detail 

in the sixth chapter of the thesis.  

The fourth objective was accomplished by evaluating the functions of the model and considering the 

experiences from its application to the urban neighbourhood in the SRS district.  

The physical accounting model was developed in MS Office Excel. The figures and the flowcharts were 

created either via the STAN (2.6.801) software or via the MS Office PowerPoint.  
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3. Literature review 

3.1 Urban Metabolism 

In the last 50 years, rapid urbanization has resulted in the concentration of population in urban areas. 

Roughly half of world’s population, 3.5 billion people, is living in urban areas and it is estimated that more 

than 70% of the world’s population will live in cities by 2050 (Cohen, 2003). In Europe, almost three 

quarters of the population lived in cities in 2015 (Eurostat, 2016). This concentration of population, coupled 

with the concentration of economic and other activities in urban areas, has been inducing high levels of 

material and energy flows into urban systems (Niza, Rosado and Ferrão, 2009). This increased throughput of 

materials and energy undermines sustainable development since it is directly linked to resource depletion, 

water stress, global warming, ecosystem degradation and numerous other environmental and socioeconomic 

problems on scales ranging from local through regional to global (Bai, 2007). Thus, to achieve sustainable 

urbanization, resource consumption and waste generation in urban systems should be brought in line with 

the carrying and assimilative capacity of their regional or global hinterland (Browne, O’Regan and Moles, 

2011). In this context, understanding the metabolism of urban areas can guide the efforts for streamlining 

resource consumption and waste management (Huang and Hsu, 2003). 

The concept of metabolism of cities was introduced by Abel Wolman in 1965 (Wolman, 1965). Wolman 

regarded a hypothetical American city with 1 million inhabitants as a living organism with inputs, stocks and 

outputs of materials and energy (Brunner and Rechberger, 2017). By studying the metabolism of this urban 

system, Wolman emphasized the importance of quantifying the flows of resources needed to sustain the cities 

functions and of analysing the interactions between material and energy flows, and environmental problems 

(Zhang, Yang and Xiangyi, 2015). After Wolman’s pioneering work, several studies examined the metabolism 

of real cities, such as Tokyo (Hanya and Ambe, 1976), Brussels (Duvigneaud, and Denaeyer-De Smet, 1977) 

and Hong Kong (Newcombe, Kalma and Aston, 1978), during the 1970s. Especially, the study of Brussels’ 

metabolism is considered as unique as it included a natural energy balance along with anthropogenic 

material and energy flows (Kennedy, Pincetl and Bunje, 2011). During the 1980s and early 1990s research on 

UM waned. Nonetheless, at the end of 20th century a resurgence of urban metabolism research occurred and 

as a result numerous studies pertaining to UM have been conducted over the last 15-20 years (Shahrokni, 

Lazarevic and Brandt, 2015).  

Nowadays, there is no widely accepted definition of UM. Kennedy, Cuddihy and Engel-Yan (2007) defined 

UM as “the sum total of the technical and socio-economic processes that occur in cities, resulting in growth, 

production of energy, and elimination of waste”. Typically, UM has been regarded as a comprehensive 

metaphoric framework for quantifying resource flows and stocks in modern urban systems. Nevertheless, the 

concept of UM has evolved to a framework for integrated urban systems analysis that can analyse 

interactions between natural and human systems (Pincetl, Bunje and Holmes, 2012). Today, the study of 

urban metabolism includes aspects such as livability, employment, education, human amenity and health, 

housing, accessibility and community, apart from resource flows and stocks (Newman, 1999). Thus, the 

urban metabolism framework can be used for a holistic assessment of the socio-economic metabolism of 

urban areas, that can support urban planning, multi-level decision making, policy development and circular 

economy design (Browne, O’Regan and Moles, 2009; Kalmykova and Rosado, 2015). 

According to Zhang, Yang and Yu (2015), urban areas are complex systems consisting of interacting social, 

economic and natural components that exist within a specific environmental context where metabolic 

processes within a city’s boundaries may be linked to environmental burdens at scales ranging from local to 

global. Therefore, a holistic assessment of their metabolism requires, the consideration of multiple scales and 

disciplines and the combination of different methods (Zhang, Yang and Yi, 2015). The application of these 

methods can provide a quantification of resource use of urban systems, and at the same time it can indicate 

trends in resource consumption and identify socioeconomic factors that determine resource use patterns 

(Rosado, Kalmykova and Patrício, 2016). In addition, it can support the assessment of environmental 

pressures induced by urban systems (Niza, Rosado and Ferrão, 2009), predict the future resource 

requirements of cities, and explore interactions among resource flows, urban transformation processes and 
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quality of life (Browne, O’Regan and Moles, 2009). An overview of the most significant methods used for 

studying UM is provided in the next section. 

 

3.2 Methods for Urban Metabolism assessment 

This section provides a brief overview of the most common methods used for the assessment of UM.  

Material Flow Analysis (MFA) and Substance Flow Analysis (SFA): MFA and SFA are descriptive, 

systematic methods for monitoring and analysis of flows and accumulations of goods or substances, 

respectively, within a specific system, based on the principle of mass balance (Wrisberg et al, 2002; Brunner 

and Rechberger, 2017). MFA and SFA are analysed further in the next sections of this chapter.  

Input Output Analysis (IOA): IOA was initially developed by Leontieff (1970) to evaluate the inter-

sectoral flows of commodities in a national economy in monetary units, based on Monetary Input Output 

Tables (MIOTs). The other type of analysis is based on Physical Input Output Tables (PIOTs) where the flows 

of products are listed in physical units (Giljum and Hubacek, 2009). It traces how natural resources enter, 

are transformed, and subsequently flow as commodities around the economy, used and finally discharged to 

the natural environment in the form of residuals (Daniels and Moore, 2002). IOA based on PIOTs is 

described further in the next sections of this chapter.  

Energy Flow Analysis (EFA): EFA has been widely used for tracking the energy flows within nations, 

cities and industrial units based on existing notions and methods of energy balances. The accounting of the 

energy flows uses the same basic concepts and system boundaries as MFA, but energy is the unit of analysis 

instead of matter (Krausmann and Haberl, 2002). EFA measures the total throughput of socioeconomic 

systems and provides energy indicators such as energy import, exports and socio-economic stocks based on 

society’s biophysical structures. In addition, it tracks the flows of fuels within different urban sectors 

(Krausmann and Haberl, 2002; Chen and Chen, 2015). It has been applied by Hong et al. (2011) to analyse 

energy flows of the pulp and paper industry in Taiwan, by Chen and Chen (2015) to assess different analysis 

processes in Beijing, and by Krausmann and Haberl (2002) to study the historical development of Austria’s 

energetic metabolism. 

Emergy Analysis: The concept of emergy was first introduced by Odum (1983), as a type of available solar 

energy that is used by direct or indirect transformations to make a product or deliver a service (Pincetl, Bunje 

and Holmes, 2012). Emergy analysis regards all system as networks of energy flows and compares different 

kind of flows (materials, energy, and currency) by expressing them in standard units (solar emergy joules) 

(Zhang, Yang and Yi, 2015; Lei et al., 2016). Emergy analysis can highlight the qualitative difference of 

material and energy flows and indicate the relationships between socio-economic systems and their external 

environment (Pincetl, Bunje and Holmes, 2012; Zhang, Yang and Yi, 2015). The usefulness of emergy 

analysis has been demonstrated in studies for Taipei (Huang and Chen, 2009), Beijing (Zhang, Yang and Yu, 

2009), Rome (Zucaro et al., 2014) and Macao (Lei et al., 2016). 

Ecological Footprint Analysis: Ecological Footprint Analysis measures the resource consumption of a 

population, in relation to the carrying capacity of the earth, and converts it into a single indicator that depicts 

how much land area is required to sustain this population. The Ecological Footprint (EF) indicator was 

developed as an indicator of the sustainability of human economic systems, at any scale, as it highlights 

whether the metabolism of human economic systems is operating within its means (Hunt et al., 2014; 

Musango, Currie and Robinson, 2017).  

Life Cycle Assessment (LCA): LCA is an analytical tool for “cradle-to-grave” assessment of the 

environmental impacts and resources used throughout the life cycle of a product or service, namely from the 

extraction of raw materials, through their manufacture, use and disposal (Finnveden and Moberg, 2004). In 

the study of UM, LCA can integrate the inventory part of MFA to assess the direct and indirect supply chain 

impacts of cities beyond their boundaries (Pincetl, Bunje and Holmes, 2012). Goldstein et al. (2013) used 
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LCA in conjunction with MFA to quantify the environmental impacts of 5 global cities and Silva et al. (2014) 

combined MFA and LCA to evaluate the metabolism of a university campus in Barcelona.  

Ecological Network Analysis (ENA): In ENA the urban area is abstracted into a network of nodes, paths 

connecting the nodes, and flows along those paths. The method uses the components of this network and 

their linkages to model the flows of materials and energy among the components. Through this process, a 

systematic and overall analysis of the structure and function of the urban system can be achieved (Li et al., 

2012; Zhang, Yang and Yi, 2015). The method has been applied for assessing the urban metabolic system of 

Beijing (Li et al., 2012), of four Chinese cities (Zhang et al., 2010), and in most of the emergy-based studies 

(Beloin-Saint-Pierre, 2017). 

Since the aim of the thesis is to develop a physical accounting model for material flows the most relevant 

methods are MFA and PIOT, therefore they are analysed in the next sections. 

 

3.3 Material Flow Analysis 

One of the first recorded attempts to analyse material flows was realized by the medical doctor Santorio 

Santorio in the 17th century. He aimed to analyse human metabolism by developing a method to balance 

inputs and outputs of a person. Santorio failed to close the mass balance because he did not account for the 

air a person was breathing, nor the emission of spent air. Nevertheless, the idea and the conclusions drawn 

from his experiments laid the foundation for the application of MFA in various disciplines (Bellstedt, 2015; 

Brunner and Rechberger, 2017). Over the past 3 decades, MFA has evolved to a widespread methodology, 

used in a large variety of disciplines such as engineering, industrial ecology, management and economics. It 

has been evolved to an essential methodology for research and decision support in resource management, 

environmental management and policy, waste management, as well as for analysing the metabolism of 

anthropogenic systems (Baccini and Brunner, 2012; Brunner and Rechberger, 2017).  

Today, the term MFA is a broadly used term designating a family of tools that use the principle of mass 

balance to monitor and analyse material flows into, within and out of a specific system. These tools 

encompass different type of accounts, indicators and evaluation methods, they have different material scopes 

and can be applied at different spatial and temporal scales (OECD, 2008a). For instance, Substance Flow 

Analysis (SFA) focuses on specific substances such as heavy metals or nutrients, while MFA on the level of 

goods focuses on goods flowing throughout a given system (Baccini and Bruner, 2012). The spatial scale of 

application ranges from national to local. Economy-wide material flow analysis (EW-MFA) has been the core 

methodology for accounting of material flows and stocks at national level, while business level MFA focuses 

on material flows for a company, a firm or a plant (OECD, 2008a). The time scale of MFA studies varies and 

is determined by the scope of the study. In most cases the time scale is one year, albeit in some cases a 

shorter or longer time scale is more appropriate (Van der Voet, 2002). In the next, subsections the most 

widespread MFA tools are described.  

At this point, it should be highlighted that MFA has often been used as a synonym for material flow 

accounting, albeit the latter represents only one of the steps of the overall MFA (Bringezu and Moriguchi, 

2002). Material flow accounting (or materials accounting or materials bookkeeping) refers to a system for 

keeping track of material flows and stocks in a defined system (e.g. national economy, municipality) by 

organising, maintaining and auditing accounts on physical exchanges in the system (Burström, 1999). 

Missing amounts can be estimated through the application of the mass balance principle (Van der Voet, 

2002). In the context of a MFA, these methodically organised physical accounts can form the basis for 

analysis and evaluation, and they can support the calculation of various types of indicators (OECD, 2008a). 

Nevertheless, quite often the development of these accounts is based on the results from the application of a 

MFA. For instance, the creation of material flow accounts of a national economy could be realized with a 

bottom up approach by applying a MFA for each of its economic sectors and then aggregate the results of 

these analyses at national level. Therefore, to avoid confusion, MFA is not considered as a synonym of 

material flow accounting in this thesis. 



 
10 

3.3.1 MFA on the level of goods and SFA 

MFA is the systematic monitoring and analysis of material flows and stocks within a spatially and 

temporarily defined system, that can connect the sources, the pathways, and the sinks of specific materials 

(Brunner and Rechberger, 2017). The core principle of MFA is the mass balance principle which is based on 

Lavoisier’ law of mass conservation, according to which, matter is neither created nor destroyed by any 

physical process (Van der Voet, 2002; OECD, 2008a). The term material is used by many scholars (Baccini 

and Brunner, 2012; Brunner and Rechberger, 2017) as an overarching umbrella term to designate both goods 

and substances and in this case, MFA denotes the analysis of flows of goods or substances. However, the 

International Society for Industrial Ecology (ISIE) adopted a terminology where the term MFA designates 

the analysis of flows and stocks of goods, whereas the term SFA denotes the analysis of flows and stocks of 

substances (Baccini and Bruner, 2012). This terminology is adopted in this thesis.   

According to Baccini and Brunner (2012) goods are economic entities of matter with positive value (e.g. food 

products, cars, furniture) or negative value (e.g. waste) that consist of one or several substances. In economic 

terms, the term goods includes both material goods and immaterial goods, such as electricity, services or 

information. In MFA terminology, though, the term goods designates only material goods (Brunner and 

Rechberger, 2012). In this context, MFA can map and analyse the flows and stocks of goods at various scale 

levels. Leray, Sahakian and Erkman (2016) applied MFA to understand household food metabolism in 

Bangalore, India, Piña and Martínez (2014), conducted an urban MFA for Bogotá, Colombia and, Binder and 

Mosler (2007) applied the tool to analyse the consumption and waste mass flows of short-lived goods in 

Santiago de Cuba. Allesch and Brunner (2015), reviewed 83 studies and concluded that MFA on the level of 

goods is instrumental as a decision support tool for waste management, as it provides insights on how waste 

management systems functions. Moreover, MFA on the level of goods usually forms the basis of a SFA as 

flows and stocks of goods are multiplied with substance concentrations to estimate flows and stocks of 

substances (Baccini and Brunner, 2012).  

SFA provides monitoring and analysis of the flows and accumulations of a substance or a group of substances 

within a specific system (Allesch and Brunner, 2015). A substance is defined as a chemical element or a 

compound of chemical elements with uniform properties (Brunner and Rechberger, 2017). SFA can connect 

the inflows, accumulations and outflows of a substance in a rigorous and transparent way, hence it can be a 

valuable tool for identifying the origins of pollution and the fate of certain substances (Wrisberg et al, 2002; 

Brunner and Ma, 2009). Thereby, the results of a SFA can be used to support decision making for policy 

measures, to underpin scenario analysis and assess the effectiveness of pollution abatement measures 

(Wrisberg et al, 2002). SFA has been applied for the quantification of flows and stocks of heavy metals in 

Stockholm (Hedbrant, 2001) and Polybrominated Diphenyl Ethers in Vienna (Vyzinkarova and Brunner, 

2013), for monitoring and analysing of phosphorus flows and accumulations in New Zealand (Li et al., 2015) 

or for a quantitative description of Brazil’s copper life cycle (Tanimoto et al., 2010).  

In general, there is no standardized methodological approach for the application of MFA and SFA. According 

to Baccini and Brunner (2012) the application of these tools is rather a heuristic process which varies from 

case to case. Nonetheless, Baccini and Brunner (2012) and Brunner and Rechberger (2017) suggested quite 

similar stepwise procedures for establishing a MFA/SFA. Moreover, Brunner and Rechberger (2017) 

developed the STAN software to support the application of MFA/SFA. However, life cycle thinking is not 

embedded in these approaches since they focus only on core systems (e.g. the urban area) without 

considering upstream and downstream flows (Sinha and Sundberg, n.d.).  

To summarize, both MFA and SFA are powerful tools that can provide a holistic view of material or substance 

flows throughout a metabolic system, which can support the identification of inefficient use of materials and 

moreover they can track emissions and waste to their source (OECD, 2008a; Brunner and Rechberger, 2017). 

In addition, they can provide data and information that could form the basis for the application of other 

tools, such as LCA. Nonetheless, they have significant limitations. First, their implementation is a data 

intensive and laborious process. Moreover, uncertainty and assumptions on the input data may cause 

uncertainty in the results of the analysis. Another significant shortcoming of both MFA and SFA is the 

absence of a standardized accounting framework for material flows (Nakamura and Kondo, 2009).  
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3.3.2 Economy wide material flow analysis (EW-MFA) 

EW-MFA aims to provide an aggregated overview about the exchanges of materials between a national 

economy and the natural environment, as well as between the national economy and the economies of other 

countries (Eurostat, 2001; Eurostat, 2013). It uses the mass balancing approach to account for inputs 

(domestic extraction and physical imports) into the economic system, changes to stock within the economic 

system, and exports (exports, waste and emissions) from the economic system (Musango, Currie and 

Robinson, 2017). In addition, the analysis may take into account unused domestic extraction and indirect 

flows related to imports and exports (Bringezu and Moriguchi, 2002). Unused domestic extraction are 

materials that are extracted or moved within the nation’s territory on purpose and by means of technology 

and are not fit or intended for use (e.g. soil and rock excavated during construction, overburden from mining 

quarrying and unused biomass from harvest) (EC, 2001). Indirect flows associated to imports and exports 

refer to upstream flows of both used and unused materials that are required for manufacturing a product and 

that are not embodied in the product itself (OECD, 2008a). The most well recognised EW-MFA 

methodological framework is the one developed by Eurostat (2001, 2013). The economy-wide material 

balance scheme is depicted in Figure 3.1.  

 

 

Fig. 3.1. The EW-MFA model, adapted from Eurostat (2001) and Barles (2009). Unused domestic extraction and indirect flows 
are displayed as grey arrows with dotted outlines to indicate that they do not physically cross the borders of the economic 

system. 

 

An array of MFA-based indicators can be produced based on the mass balances of the EW-MFA. The 

indicators suggested by Eurostat (2001) methodology are defined and categorized as follows: 

 Input indicators:  

1. Direct material input (DMI), which measures the direct input of materials of economic value 

which are used in production and consumption activities. It equals the sum of domestic 

(used) extraction and imports. 

2. Total material input (TMI), which is the sum of DMI and unused domestic extraction 

(domestic hidden flows). (TMI = DMI + unused domestic extraction). 

3. Total Material Requirement (TMR), which is TMI plus the indirect material flows that are 

associated to imports and take place in other countries. (TMR = TMI + Indirect material 

flows associated to imports). 

 Consumption indicators: 

1. Domestic material consumption (DMC), which measures the total amount of material 

directly consumed in the economy, excluding indirect flows. (DMC = DMI – Exports). 
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2. Total material consumption (TMC), which includes material use associated with domestic 

production and consumption activities, and the indirect material flows associated to imports, 

but excludes exports and their associated indirect flows. (TMC = TMR - Exports - Indirect 

flows associated to exports). 

3. Net additions to stock (NAS), which measures the amount of materials that accumulate in 

the economy’s stock, such as construction materials used in buildings and other 

infrastructure.  

4. Physical trade balance (PTB), which equals imports minus exports and measures the 

physical trade deficit or surplus of an economy. 

 Output indicators: 

1. Domestic Processed Output (DPO), which measures the total amount of materials, derived 

from domestic extraction or imports, that after use in the domestic economy flow back to the 

natural environment. It includes emissions, waste deposited in landfills and dissipative flows 

of materials. 

2. Total Domestic Output (TDO), which equals DPO plus the disposal of unused extraction. 

3. Direct Material Output (DMO), which equals DPO plus exports. 

4. Total Material Output (TMO), which is the sum of TDO and exports, and essentially 

measures the amount of material leaving the economy.  

 

One of the strengths of the EW-MFA is that through the indicators described above the public 

communication process can be simplified, since they provide well-synthesized information which could be 

valuable for policy makers (OECD, 2008a). In addition, the indicators reflect highly aggregated information 

allowing international comparisons (Bringezu and Moriguchi, 2002). Another strength of EW-MFA is that it 

is a standardized method thanks to the publication of methodological guidelines by Eurostat (2001, 2013). Its 

standardization facilitates the application of EW-MFA not only on national scale, but even on urban scale. 

Moreover, data for the application of the method are usually available in national statistics, while another 

strength of the tool is that the level of the completeness of the produced physical accounts is high. 

On the other hand, EW-MFA is a method that has a reductionist character and treats the economy as “black 

box”, as it counts only the flows crossing the system boundary whereas it does not analyse the inter-sectoral 

flows within the system (Hunt et al., 2014). In addition, it fails to distinguish material inputs used by 

production processes from material inputs directly used by final demand (Giljum and Hubacek, 2009). 

Therefore, it cannot provide a detailed analysis of material throughput within the economic system and 

consequently it cannot indicate the drivers of materials consumption. Moreover, it does not allow the 

assessment of material efficiencies per sector of production (Eurostat, 2001). Another limitation of the 

method is that the MFA-based indicators aggregate all materials on the basis of weight, without taking into 

account environmental impacts linked to them (Hoekstra, 2010). 

 

3.3.3 EW-MFA adapted to urban level 

By contrast to EW-MFA, which is a standardized methodology for MFA at national level, there is no 

standardized methodology for conducting MFA at urban level. Therefore, different methodological 

approaches have been developed and applied for analysing material flows and accumulation in urban areas 

(Niza, Rosado and Ferrão, 2009). One common approach is to adapt the EW-MFA methodology from 

national scale to urban scale (Rosado, Kalmykova and Patrício, 2016). In this case both international imports 

and national imports from the rest of the country must be accounted for. Likewise, exports to the rest of the 

country and international exports must be accounted for. Moreover, the flows of materials that are imported 

and are not consumed (crossing flows) are identified but not accounted in the model (Rosado, Kalmykova 

and Patrício, 2016). Usually there are no available data on material, product and waste flows at city level. 
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Hence, national data on these flows are disaggregated at urban level based on proxy factors and ratios, such 

as population ratios, average household expenditure, number of workers and ratios of construction activity 

(Browne, O’ Regan and Moles, 2009; 2011).  

The adapted EW-MFA tool has been applied by Browne, O’Regan and Moles (2009) to measure raw material 

inputs and waste flows in the Irish city-region of Limerick, by Barles (2009) to assess the urban metabolism 

of Paris, and by Niza, Rosado and Ferrão (2009) to quantify urban material flows in the city of Lisbon. 

Moreover, Rosado, Niza and Ferrão (2014) developed a new methodological framework, based on the EW-

MFA method, to measure urban material flows and stocks. Rosado and his colleagues applied the new model, 

called Urban Metabolism Analyst (UMAn), to account for material flows and stocks in the Lisbon 

Metropolitan Area. 

The adapted EW-MFA demonstrates the same strengths and limitations as the original tool that was 

developed for national economies. The most significant limitation is that the urban system is regarded as a 

black box, thus the circulation of materials within the system is not analysed.  

 

3.3.4 Coupling of MFA with other tools 

MFA can analyse only specific aspects of the metabolism of cities or other systems (Pincetl, Bunje and 

Holmes, 2012). One of the most widely acknowledged limitation of MFA is that all material flows are 

converted to same physical units and assessed only based on their mass, without taking into account 

upstream environmental impacts associated to these flows. For instance, one tonne of sand is treated the 

same with one tonne of uranium (Roy, Curry and Ellis, 2015; Kalmykova and Rosado, 2015). Therefore, it is 

often coupled with other tools and methods, from various disciplines, to analyse thoroughly the metabolism 

of the system under assessment.  

MFA can be coupled with LCA. The latter aims to assess the environmental impacts caused from all the 

stages of the life cycle of a system (product or service) (Ranhagen and Frostell, 2014). The implementation of 

a LCA is based on an extensive inventory of inputs and outputs to and from the assessed system. MFA is a 

method that can establish the inventory for an LCA (Brunner and Rechberger, 2017). At the same time the 

life-cycle thinking which is embedded in the LCA can enhance the power of MFA. In this context, MFA may 

follow a cradle-to-grave approach and account for flows beyond the boundary of the system, from extraction 

of resources until the final disposal of waste (Wrisberg et al, 2002). Moreover, the standardization of LCA, 

with the ISO 14044 standard, provides a framework which aids the application of the method separately or 

conjunction with MFA (Goldstein et al., 2013).  

Pincetl, Bunje and Holmes (2012) highlighted the benefits of using MFA in conjunction with LCA and 

suggested the integration of these two methods in an expanded framework for studying urban metabolism. 

Goldstein et al. (2013) developed a model, which coupled MFA and LCA, in order to quantify environmental 

impacts of five case cities: Beijing, Cape Town, Hong Kong, London and Toronto. Likewise, Silva et al. (2014) 

coupled the two methods and evaluate the metabolism of the Autonomous University of Barcelona and 

managed to identify the main hotspots of the university’s metabolism. In another study, Lavers et al. (2017) 

coupled MFA with LCA for selecting representative products that can be used to quantify environmental 

impacts of consumption in urban areas. 

MFA can also be combined with Geographical Information Systems (GIS) especially for the estimation of 

material stocks in urban areas. GIS can be used to analyse remote sensing images for extracting information 

about the spatial distribution and attributes of urban components in a specific area, such as buildings and 

infrastructure. Then known material stock rates are used to estimate total material stock in the area. 

Tanikawa, Hashimoto and Moriguchi (2002) coupled MFA with GIS in order to quantify material stock of 

buildings and roads and predict material flows in the near future for Kitakyushu City, Japan. Similarly, 

Wallsten et al. (2013) developed a GIS-based approach of MFA to quantify and spatially allocate metal stock 

in infrastructure systems (e.g. district heating network) in the city of Norrköping. In another study, Tanikawa 

and Hashimoto (2009) used a four-dimensional GIS (3D-GIS with time series database) at an urban scale to 
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estimate material accumulation over time in the urban area of Salford in Manchester, UK, and in Wakayama 

City centre, Japan. Moreover, Tanikawa et al. (2015), developed a database on the accumulation of stock in 

Japan and used GIS to visualize the spatial distribution of the stock nationwide.  

MFA can also be coupled with the Ecological Footprint (EF) method. Moore, Kissinger and Rees (2013) 

applied MFA to quantify material and energy consumption in Metro Vancouver, Canada, and EF to estimate 

the regional and global biocapacity required to produce the resources consumed by the urban area and to 

assimilate the produced waste. According to the authors the integration of EF analysis into the MFA 

framework can provide an additional level of insight that can assist local governments to understand the 

overall load of an urban area’s metabolism to regional and global ecosystems.   

Other approaches that can be combined with MFA are network theory, and Information and 

Communications Technology (ICT) and smart-city technologies. Zhang, Liu and Chen (2013) coupled MFA 

with network theory to develop a network model that linked the industrial and consumption components of 

an urban metabolic system. Based on the model the flows of materials and energy amongst these components 

were analysed. Shahrokni, Lazarevic and Brandt (2015) suggested the concept of smart urban metabolism 

which is a model that integrates urban MFA with ICT and smart city technologies. The model can provide 

real-time monitoring, analysis and visualization of material and energy flows at high temporal and spatial 

resolution at urban level.  

 

3.4 Physical Input Output Tables 

Input Output Analysis (IOA) was originally developed by Leontieff (1970) to analyse inter-sectoral 

commodity flows of a national economy based on economic models (Musango, Currie and Robinson, 2017). 

An IO model is a set of equations that link the different components of a specific Input Output Table (IOT) 

based on certain assumptions (Altimiras Martin, 2014). The IOTs can be distinguished into Monetary Input 

Output Tables (MIOTs) and Physical Input Output Tables (PIOTs). The first represent the monetary flows 

within a given system while the second represent the physical flows (Altimiras Martin, 2014).  

A PIOT can be defined as a macroeconomic activity-based accounting system for recording physical flows to, 

from and within an economic system (Strassert, 2002; OECD 2008a). Based on the mass balance principle, 

PIOTs can provide a comprehensive description of the exchanges of materials between the different sectors 

of an economy, in physical units (Tukker et al., 2006). In general, PIOTs are considered as the physical 

equivalents of the MIOTs (Hoekstra, 2010). The connection between MIOTs and PIOTs is typically 

established through conversion factors (e.g. prices) (Bailey, 2009). However, by contrast to MIOTs, PIOTs do 

not account for immaterial flows, such as financial flows, while they account for flows between the economy 

and the environment which do not correspond to economic value flows and hence they are not recorded by 

MIOTs (Strassert, 2002; OECD, 2008a). Thereby, the natural environment is integrated in the PIOT 

framework, as a source of resources and as a sink for residuals (Giljum and Hubacek, 2009). The basic 

structure of MIOTs and PIOTs is contrasted in Figure 3.2.  

 

 

 

 

 

Fig. 3.2. The general structure of MIOTs and PIOTs, adapted from Hubacek and Giljum (2003).  
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PIOTs can describe all material flows between the economy and the natural environment similarly to EW-

MFA, therefore they are valuable tools for assessing the interactions between the economy and the 

environment (Giljum and Hubacek, 2009). In addition, they can open the black box and analyse the flows 

between the different sectors of the economy (Musango, Currie and Robinson, 2017). In the context of urban 

metabolism studies, the pressures exerted by the urban system to the environment can be assessed and 

moreover the metabolic actors of the system can be identified and analysed. Thereby, the functions of the 

urban metabolism can be understood better (Musango, Currie and Robinson, 2017). Another strength of 

PIOTs is that they are consistent with the well-established conceptual framework of MIOTs which contains 

valuable data sources. Moreover, they are fully in line with the System of Integrated Environmental and 

Economic Accounting (SEEA) which has been adopted as an international standard by the United Nations 

Statistical Commission (UNSC) and provides a comprehensive system for physical flow accounting (OECD, 

2008a; Hoekstra et al., 2015). 

Despite the strengths of PIOTs their application has not been widespread both on national and urban level 

(Nakamura and Kondo, 2009; Hoekstra, 2010). PIOTs are not compiled systematically in Member States of 

EU and only for a few countries in the world (Germany, Denmark, the Netherlands, Finland, Austria, New 

Zealand and Japan) PIOTs were produced. Nevertheless, these PIOTs differ in level of aggregation of sectors 

as well as in number of materials (Tukker et al., 2006). For instance, full PIOTs with 59 sectors were 

compiled for Germany (Stahmer, Kuhn and Braun, 1997), with 27 sectors for Denmark (Gravgård-Petersen, 

1999), with 30 sectors for Finland (Mäenpää, 2002) and with 12 sectors for Italy (Nebbia, 2000). As regards 

materials Konijn et al. (1997) compiled PIOTs only for specific materials (iron, steel and zinc), while in the 

German and the Danish PIOTs a comprehensive list of materials is included (Giljum and Hubacek, 2009). 

This lack of standardization is one of the main limitations of PIOTs that has been deterring their widespread 

use. Another limitation is that their compilation is a laborious process and requires a significant amount of 

data (Nakamura and Kondo, 2009). Furthermore, in most of the existing PIOTs the material flows are 

aggregated in one single unit, hence qualitative differences of material flows in terms of their potential to 

harm the environment are not taken into account. Nonetheless, in several PIOTS, supplementary tables can 

be provided to establish a link between the materials and environmental issues (Giljum and Hubacek, 2009). 

Due to the abovementioned limitations, PIOTs have been applied for assessing urban metabolism only in a 

few cases only. Xu and Zhang (2008), developed a model based on the PIOT framework and they applied it to 

Yima City, China, Liang and Zhang (2012) used a physical input-output model to compare urban solid waste 

recycling from the viewpoint of urban metabolism in Suzhou city, China, Chen et al. (2013) developed a 

three-scale input-output model for assessing the urban economy of Beijing, China, and Zhang et al. (2014) 

compiled PIOTs to analyse urban metabolic processes in Beijing. The method has been applied also, for 

analysing the flows of industrial sectors. For instance, De Marco et al. (2009) analysed the flows of Italian 

aluminium and sugar industrial sectors. In several cases, PIOTs were used to analyse specific material chains 

in a national or regional scale. For instance, Bösch et a. (2015) presented a PIOT that described the complete 

wood and paper flow though the German economic system, Zhang et al. (2018) compiled a PIOT that showed 

the complete coal flow in the Chinese production system, Nakamura and Kondo (2009) compiled a PIOT for 

waste flows in Japan, and Singh et al. (2017) developed a PIOT showing the flows of Nitrogen flows in 

Illinois, U.S.  

 

3.5 Top down and bottom up approach 

There are two types of data inputs used in UM studies, namely those deriving from top-down approaches and 

those deriving from bottom-up approaches (Beloin-Saint-Pierre et al., 2017). The former are macro-scale 

data that are representative of the average data of a region that is larger than the urban area (Beloin-Saint-

Pierre et al., 2017). For instance, top-down data are country or European average data produced by national 

statistics services and in the context of UM studies they are disaggregated on urban level using proxy factors 

(e.g. population) (Browne, O’Regan and Moles, 2011). Bottom-up data, on the other hand, are specific data 

describing processes or components of an urban system and usually they derive from published studies, on-

field measurements or databases (Beloin-Saint-Pierre et al., 2017). In an UM study with bottom-up 

approach, data representing specific components of the system are aggregated to the urban level.   
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Both approaches have strengths and limitations. One of the main limitations of the bottom-up approach is 

that it is data dependent and laborious, hence data collection and analysis is a long-lasting process (De Marco 

et al., 2009). Moreover, small errors may propagate into large uncertainties when bottom up data are 

aggregated at higher levels (Kellett et al., 2013). However, the bottom-up approach allows a high-resolution 

spatially disaggregated analysis of the system (Brunner and Rechberger, 2017). Thereby, it can provide 

insight on the processes leading to metabolic problems and can support scenario-based projections for 

predicting metabolic flow variations (Kellett et al., 2013; Ravalde and Keirstead, 2016). On the other hand, 

the top-down approach is considered as methodologically simpler (Ravalde and Keirstead, 2016) and exploits 

available statistical information and data (De Marco et al., 2009). Nonetheless, the data are often incomplete 

and moreover they are not based on the material balance principle (De Marco et al., 2009). In addition, since 

top-down data are available in conventional databases they fail to capture informal economic activities 

(Musango, Currie and Robinson, 2017).  

In general, most of the UM studies use top-down data. According to a review of UM studies by Beloine-Saint-

Pierre (2016), 65% of UM studies adopted a top-down approach to obtain data, and this percentage is even 

higher in MFA studies. For instance, the studies where the adapted EW-MFA to urban scale was applied 

(Barles, 2009; Browne, O’Regan and Moles, 2011; Rosado, Niza and Ferrão, 2014), were based on top-down 

data. MFA studies that adopted a bottom-up approach, are the study of Albelwi, Kwan and Rezgui (2017) 

where material flows in Riyadh, Saudi Arabia, were estimated, the study of Buchner et al. (2015) where 

bottom-up data are used for calibrating a top-down model, and the study of Tanikawa et al. (2015) where the 

accumulation of stock in Japan over time was documented based on the bottom-up approach. As regards, 

studies based on PIOTs the majority of them adopts a top-down approach. Only two studies (De Marco et al., 

2009; Singh et al., 2017) where the bottom-up approach was adopted, have been identified in the literature. 

As a final remark, it can be argued that bottom-up approach seems most robust at the local level and its 

uncertainty increases when the level of aggregation increases. By contrast, top-down approach seems more 

reliable at the national level and its accuracy decreases as level of aggregation decreases (Roy, Curry and 

Ellis, 2014). It has been argued that coupling top-down and bottom up approaches could mitigate the 

limitations of the two approaches (Roy, Curry and Ellis, 2014). However, the disaggregation of top-down data 

in order to fit it effectively with available bottom-up data is challenging (Beloin-Saint-Pierre et al., 2017). 
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4. Methodological development of the model 

This chapter provides a description of the methodological process that was followed for the development of 

the physical accounting model for an urban area. The procedure that was followed comprises the following 8 

steps:  

Step 1: Goal definition; 

Step 2: System definition;  

Step 3: Development of a conceptual model of an urban area; 

Step 4: Selection of the appropriate methodology; 

Step 5: Development of the structure of the model; 

Step 6: Classification of the economic activities; 

Step 7: Classification of the materials; 

Step 8: Determination of the approach for quantification of material flows. 

 

4.1 Goal definition 

The goal of the model is to function as a tool for physical accounting of material flows within and across the 

boundaries of an urban system. The underlying goals of the model are two. First to become the basis for a 

comprehensive accounting model for physical resources (materials and energy) in urban areas. Second to 

support decision making and policy analysis at urban level by providing increased insight into UM. 

 

4.2 System definition 

The urban socioeconomic system is an open system that depends mostly on its hinterland for supply of 

resources and disposal of residuals. Usually, almost all resources derive from the immediate hinterland, 

though in the case of the supply of some resources the notion of hinterland extends to global scale. Likewise, 

residuals from the urban area are disposed of, dissipate or assimilate mostly in the immediate hinterland and 

in certain cases on the global scale (EEA, 2015).  

 

4.2.1 System boundaries 

The spatial boundaries of the system coincide with the geographical boundaries of the urban area, which can 

be a whole municipality, a district or a neighbourhood. The system includes all the socio-economic activities 

that take place within its physical boundaries and consequently all the material flows associated with these 

activities are accounted for. This definition of the system boundary complies with the territory principle. If 

the residence principle were adopted instead, then activities of producer and consumer units that are 

resident on the economic territory of the system but occur outside of its geographical boundary, should be 

taken into account as well (Eurostat 2001, OECD, 2008b). 

As regards the time scale, the model will provide physical accounts on an annual basis where the flows will be 

measured in units of mass per year. Hence, the time boundary is annual. 
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4.2.2 Definition of materials scope 

The term material is used in a broad sense in the model. It designates natural resources and other natural 

inputs, products and residuals, which enter, flow within and leave a system (OECD, 2008b; UN, 2014). 

Natural resources are mineral and energy resources, soil resources, water resources and biological resources 

that derive from the natural environment (UN, 2014). Other natural inputs are inputs from soil (e.g. 

nutrients) that are absorbed by economic systems for purposes of production, and inputs from air which are 

substances (e.g. oxygen) that are absorbed by economic systems during production and consumption 

processes (UN, 2014). Products are defined as goods (e.g. plastics, wood products, machinery) and services, 

which are created by production processes and have economic value (UN, 2014). In the context of the 

physical accounting, services are not considered since they have no material content. Residuals are flows of 

solid, liquid and gaseous materials which are the unintended and undesired outputs of production, 

consumption and accumulation processes, and usually they have no economic value (UN, 2009; 2014).  

In general, no material type is excluded from the scope of the accounting model. Water is usually excluded 

from material flow accounting schemes or accounted for separately in specific physical accounts. 

Nevertheless, the aim of this thesis is to provide a model for accounting all material flows metabolized in an 

urban area. Therefore, water is included in the materials scope. Moreover, it should be highlighted that 

energy carriers (e.g. fossil fuels) are included as well in the scope, since they have material content.  

 

4.3 Development of a conceptual model of an urban area 

A conceptual model was developed to depict an urban socio-economic system. The conceptual model is 

displayed in Figure 4.1., where the boundaries of the system along with material flows crossing its boundaries 

are shown. The system’s external environment is the national socioeconomic system, the global socio-

economic system and the natural environment. The material inputs to the system are materials imported 

from the national socioeconomic system and the global socio-economic system, as well as natural resources 

and other natural inputs from the natural environment. Imported materials may be consumed directly by the 

households or be used by economic activities. The economic activities within the boundaries of the system 

function as metabolic actors that transform material inputs into final products and residuals. Moreover, 

materials accumulate in or removed from their stocks. The final products of the activities are consumed 

within the urban area by the households and other economic activities or exported to the national 

socioeconomic system or to the rest of the world. The residuals (waste, effluents and emissions) from the 

economic activities and household consumption may become inputs to other economic activities within the 

urban area, otherwise they flow out of the urban system. Waste and effluents flow to the national and rarely 

to the global socioeconomic system for further treatment or disposal, while emissions, and perhaps waste 

and effluents, flow directly to the natural environment.  

In Figure 4.1 crossing flows are displayed as well. The crossing flows represent materials that may be 

imported into the urban area and then exported, without being transformed or consumed (Rosado, 

Kalmykova and Partício, 2016). These flows are significant in the case of an urban system with a port which 

functions as a gateway for materials that flow across the boundaries of the system (Rosado, Niza and Ferrão, 

2009). However, these flows do not become part of the urban economy (Asian Development Bank, 2014), 

hence they will not be accounted for in the model.  
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Fig. 4.1. Conceptual model of an urban area 

 

4.4 Selection of the appropriate methodology 

The selection of the fitting methodology that would set the methodological foundations of the accounting 

model was realized by assessing the methodologies and tools that were described in Chapter 3, against the 

following six criteria: 

1. The methodology/tool can establish the interactions of the urban system with the natural 
environment. 

2. The methodology/tool can provide a detailed description of the physical interrelations between the 
economic activity sectors of the urban system. 

3. Life cycle thinking is embedded in the methodology/tool. 

4. A standardized accounting framework is linked to the methodology/tool. 

5. The methodology/tool can describe the flows at varying levels of aggregation, from highly 
aggregated description of all material flows to detailed description of a specific material type.   

6. The methodology/tool can exploit bottom-up data and in case that there are no bottom-up data the 
methodology/tool could use top-down data. 

 

Based on the abovementioned criteria, the selected methodology was the PIOT framework. The EW-MFA 

adapted to urban level was rejected since it does not fulfil the criteria 2, 5 and 6. Life cycle thinking is 

partially embedded in this tool, since upstream or downstream indirect flows associated with imports and 

exports are considered (Bringezu and Moriguchi, 2002). However, the limited resolution in the description of 

intersectoral flows limits the understanding of the life cycle phases of the material flows within the system.  

The MFA on goods level was not selected as it does not fulfil the criteria 2, 3, and 4. Especially the absence of 

standardized accounting framework associated with this tool is a decisive factor, since the aim of the model is 

to provide systematic accounts of material flows in an urban system.  
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The selected method/tool was PIOT. The PIOT framework fulfils criteria 1, 2, 4, 5 and 6. Moreover, it fulfils 

partially criterion 3, as it can provide a thorough description of the life cycle phases of the materials within 

the system and moreover, it can potentially take into account upstream or downstream indirect flows.  

Moreover, it was decided to prioritize the use of bottom-up data for the model, as they can provide a high-
resolution analysis of the system. 

 

4.5 Development of the model  

The methodological foundation of the accounting model proposed in this thesis is based on the PIOT 

framework. The model was constructed in MS Office Excel and it was based on ideas and concepts of PIOT 

frameworks from previous studies, such as the studies by Burström (1999), Xu and Zhang (2008), OECD 

(2008), De Marco et al. (2009) and Singh et al., (2017). Especially the study of Xu and Zhang (2008) was 

influential. Nevertheless, it should be mentioned that the accounting model is conceptually different by the 

most PIOT frameworks presented in the literature. 

In general, most of the PIOT frameworks were constructed for accounting of material flows at national level 

based on top-down data from MIOT. Only in a few studies (De Marco et al., 2009; Singh et al., 2017) a 

bottom-up approach was adopted to obtain data for the PIOTs. In the context of this thesis a PIOT 

framework that has been adjusted to urban level, was developed. The framework aims to function as a basis 

for accounting of material flows in an urban area based on a bottom-up data.  

 

4.5.1 Methodological foundations 

The general structure of a PIOT for analysing a national economy consists of three quadrants as it is shown in 

Figure 3.2 in Chapter 3. A PIOT, that follows this basic structure, was described by Dietzenbacher et al. 

(2009) and is presented in Table 4.11. Z is a n x n matrix that represents intermediate material flows from 

industry (sector) i to industry (sector) j. Vector d (n x 1) indicates material flows for domestic demand 

(private consumption and accumulation), while vector e (n x 1) indicates foreign final demand (exports). 

Vector w (n x 1) represents the waste disposed to nature by each industry. The elements xi of vector x 

represent the total material outputs of each industry. For an industry i the total output is estimated by 

summing over row i the intermediate material flows, the flows for final demands and the waste flows for this 

industry. Thus, the following accounting equation applies:  

                                                                               x = Zi + d + e                                                                                 (4.1) 

where i is the summation vector comprising ones.  

 

The columns of the PIOT represent the material inputs of each industry j. The transposed vector r΄ (1 x n) 

represents the flows of primary material inputs (resources and imports) required by each industry. Thus, the 

elements of transposed vector x΄ (1 x n) derive by summing the intermediate material flows zij, obtained by 

industry j from industry i, and the primary material inputs rj. Thus, the following accounting equation is 

formalized:   

                                                                              x΄ = Z΄i + r΄                                                                                   (4.2) 

 

The material balance principle is fundamental in this table and is expressed with the following identity:  

                                                       Total material input = Total material output                                                     (4.3) 

                                                 
1
 Dietzenbacher et al. (2009) described a PIOT appended with Land Use, however, land use is not shown in table 4.1. 
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The identity holds for each industry in the table and as a result the column sum (total input) is equal to the 

corresponding row sum (total output) (Dietzenbacher et al., 2009). 

 

Table 4.1. The PIOT framework, adapted from Dietzenbacher et al., (2009) 

 Intermediate use  Final demand Waste Total output 

 Industries Domestic Exports   

Industries Z d E w x 

Primary material inputs (domestic 
extraction and imports) 

r΄     

Total input x΄     

 

In general, various types of PIOTs with different structures have been described in the literature.  For 

instance, OECD (2008b) introduced a PIOT which typically has a symmetric structure. The columns 

represent the input into a specific entity (activity, system or subsystem) and the rows represent the output 

from this entity. The PIOT disaggregates the national economy into sub-systems (branches of production and 

categories of final use) and shows material flows from the environment or the rest of the world to the 

national socio-economic system and vice versa, as well as material flows within the national socio-economic 

system. The main difference of this PIOT framework with the 3-quadrant PIOT is that the household 

consumption and the stock are considered as entities both in the columns and the rows, thus material inputs 

and outputs into and out of these entities are recorded explicitly.  The general structure of the suggested 

PIOT framework by OECD is depicted in table 4.2.  

Table 4.2. The suggested by OECD PIOT framework, adapted from OECD (2008b). 

 Socioeconomic system Natural 
environ-

ment             
NE 

Total 
mate-

rial 
supply 

by 
activity         
H+NE 

Indust-
ries  I 

 

Household consumption Total 
material 
transfor-
mation     

T = I +C1 

Capital formation Contro-
lled 

landfills 
and 

other 
waste 

storage       
L 

Total 
materi

al 
stocks    
S = C2 
+ K + 

L 

Total 
socio-

economi
c system        
H = T + 

S 

Current 
final 

material 
consum-
ption  C1 

Consumer 
durables     

C2 

Total 
household’s 

final 
consumption   

C = C1 + C2 

Inventor
-ies 

change          
K1 

Other 
capital 

K2 

Total 
capital 

formation       
K = K1 + K2 

S
o

c
io

e
c

o
n

o
m

ic
 s

y
s
te

m
 

Industries I              

H
o

u
se

h
o

ld
 c

o
n

su
m

p
ti

o
n

 Current final 
material 
consumption C1 

             

Consumer 
durables C2 

             

Total 
household’s final 
consumption     
C = C1 + C2  

             

Total material 
transfor-mation           
T = I +C1 

             

C
a

p
it

a
l 

fo
rm

a
ti

o
n

 Inventories 
change K1 

             

Other capital K2              

Total capital 
formation                 
K = K1 + K2 

             

Controlled lanfills and 
other waste storage L 

             

Total material stocks                         
S = C2 + K + L 

             

Total socio-economic 
system   H = T + S 

             

Natural environment NE              

Total material use by 
activity H+NE 
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4.5.2 The basic structure of the PIOT for urban areas 

The basic structure of the PIOT for urban systems introduced in this thesis, is shown in Table 4.3. The 

structure is different from the typical structure of PIOTs which were developed for analysing material flows 

at national scale and were presented in Figure 3.2 and in Table 4.1. These PIOTs usually consist of three 

quadrants; one indicating intermediate material inputs and outputs, one indicating final demand and one 

indicating primary material inputs. The PIOT framework developed in this thesis consists of 9 quadrants. 

Quadrant 1 contains the material exchanges amongst the different economic activity sectors of the urban 

socioeconomic system. Quadrant 2, 3 and 4 list the outputs from the urban socio-economic system to the 

national socio-economic system, to the global-socioeconomic system and to the natural environment, 

respectively. Quadrant 5 lists the stock changes. Quadrants 6, 7 and 8 contain the inputs to the urban 

socioeconomic system from the national socio-economic system, the global socio-economic system and the 

natural environment, respectively. Quadrant 9 is used for recording additional information such as indirect 

flows.  

Table 4.3. The basic structure of the PIOT for urban areas.  

1st quadrant 2nd quadrant 3rd quadrant 4th quadrant 5th quadrant 

Inter-sectoral material 
exchanges within the 
urban socio-economic 

system 

Outputs from the 
urban socioeconomic 
system to the national 

socio-economic 
system 

Outputs from the 
urban socioeconomic 
system to the global 

socio-economic 
system 

Outputs from the 
urban socioeconomic 
system to the natural 

environment 

Stock changes 

6th quadrant     

Inputs from the 
national socio-

economic system to the 
urban socio-economic 

system 

    

7th quadrant     

Inputs from the global 
socio-economic system 

to the urban socio-
economic system 

    

8th quadrant     

Inputs from the natural 
environment to the 

urban socio-economic 
system 

    

9th quadrant     

Additional information     

 

A fundamental difference between the typical PIOT structure and the PIOT structure presented in Table 4.3, 

is that there is not only one quadrant for material inputs, but instead material inputs are allocated in 

quadrants 6, 7 and 8 based on their origin. Likewise, there is no quadrant dedicated for final demand and 

residuals. Instead, exports and residuals are allocated in quadrants 2, 3 and 4 according to their destination, 

while stock changes are recorded in a separate quadrant. Stock is defined as the total amount of materials 

stored within an economic activity and stock changes indicate accumulation of materials in their stock or 

depletion of materials from their stock. Examples of stock are buildings and infrastructure, vehicles, 

machinery, durable goods and inventories of products. In typical PIOT frameworks stock changes are 

regarded as an output of an economic activity. However, in this thesis the term output refers to materials 

flowing out of an economic activity. Therefore, stock is not considered as an output but instead it is 

considered as a storage term (Brunner and Rechberger, 2017).  
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Another fundamental difference is that household consumption is not considered as final demand in the 

PIOT structure introduced in this thesis. In typical PIOTS, household consumption is regarded as final 

demand which is a driver for producing goods and the associated residuals. The residuals due to household 

consumption are allocated to the production processes. However, in the PIOT presented in this thesis, the 

household is regarded as another economic sector. This approach was suggested by Strassert (2002) and Xu 

and Zhang (2008). Hence, household has inputs and generates residuals which then become inputs in other 

economic activity sectors or flow directly to the environment. For instance, in the first case solid waste that is 

generated by the households, becomes input in the waste management sector that may belong in the urban 

socioeconomic system or in the national socioeconomic system. In the second case, air emissions (e.g. 

respiratory CO2) deriving from the household flow directly to the natural environment or solid waste is 

illegally dumped from members of the household to the environment. Therefore, household was included in 

the 1st quadrant of the framework in order to record both its inputs and outputs.  

Moreover, it should be highlighted the addition of the 9th quadrant in the structure. In this quadrant, 

additional information associated to the material flows can be recorded. It could be used potentially for 

recording of indirect flows associated with material flows imported in the urban socioeconomic system. 

Indirect flows take into account the life-cycle dimension of the production chain and indicate all resources 

required upstream to manufacture a product (OECD, 2008a; Fischer-Kowalski, 2011). Other potential 

supplementary parameters that could be integrated in the 9h quadrant is land used by the economic sectors 

(De Marco et al., 2009), value added by the economic sectors (Xu and Zhang, 2008) and labour (Eurostat, 

2001). 

 

4.5.3 The conceptual framework of the PIOT for urban areas 

Table 4.4. shows the conceptual framework of the PIOT introduced in this thesis. There are n economic 

activities, including household, that reflect the economic system in the urban socio-economic system. The 

elements in the table are explained as follows: 

 Zij: inputs from sector i to sector j;  

 Oix: residuals from sector i to treatment option x; 

 NEi: exports of products from sector i to the national socio-economic system; 

 EWi: exports of waste from sector i to the global socio-economic system; 

 IEi: exports of products from sector i to the global socio-economic system; 

 RAi: residuals from sector i to the air; 

 RWi: residuals from sector i to the water; 

 RSi: residuals from sector i to the soil; 

 NIj: imports from the national socio-economic system to economic sector j; 

 NWj: imports of from the national socio-economic system to economic sector j; 

 IMj: imports of materials from the global socio-economic system to economic sector j; 

 IWj: imports of waste from the global socio-economic system to economic sector j; 

 NRj: inputs of natural resources (domestic extraction) from natural environment to economic sector j, 

 INj: other natural inputs from natural environment (e.g. oxygen) to economic sector j; 

 TSOj: total output of economic sector i used in the urban socio-economic system; 

 TOi: total outputs of economic sector i; 

 ΔSi: stock changes of materials in sector i; 

 TSIj: total inputs of economic sector j deriving from the urban socio-economic system; 
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 TIj: total inputs of economic sector j;  

 IFj: Indirect flows 

 

The total input of economic sector j deriving from the urban socio-economic system is given by the following 

equation:  

1

n

j ij
i

TSI Z


 ,    where i=1,2,….n    and     j=1,2,….n                                                                                                   (4.4)  

 

The total output of economic sector i used in the urban socio-economic system is given by the following 
equation:  

1

n

i ij
j

TSO Z


 ,    where j=1,2,….n  and    j=1,2,….n                                                                                                      (4.5) 

 

The total input of economic sector j from the environment and the rest of the world is given by the following 

equation:  

j j j j j j jIER NI NW IM IW NR IN      ,    where    j=1,2,….n                                                                         (4.6) 

 

The total output of economic sector i going to the environment and the rest of the world is given by the 

following equation:  

1

y

i ix i i i i i i
x

OER O NE EW IE RA RW RS


       ,  where i=1,2,….n  and   x=1,2,….y                                     (4.7) 

 

The total input of economic sector j is given by the following equation:  

j j jTI TSI IER  ,   where j=1,2,….n                                                                                                                            (4.8) 

 

As it has been mentioned in the previous sub-section stock changes is not regarded as an output. In the PIOT 

introduced in this thesis, stock changes are regarded as a storage term. Thus, the total output of economic 

sector i is given by the following equation:  

i i iTO TSO OER  ,   where i=1,2,….n                                                                                                                           (4.9) 

 

The mass balance principle is fundamental in this PIOT. Thus, the total sectoral input is equal to the total 

sectoral output plus the stock changes within this sector:  

j i iTI TO S  ,    where i=1,2,….n  and j=1,2,….n                                                                                                   (4.10) 
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Table 4.4. The conceptual framework of the PIOT 
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4.5.4 The three-dimensional model 

The main limitation of the PIOT framework that is described in the previous section is that it can be used for 

accounting of all material flows within and across the boundaries of the urban area, in an aggregate materials 

perspective, without distinguishing the materials according to their type. This limitation can be overcome by 

integrating the framework into an accounting model with a three-dimensional structure. Three-dimensional 

PIOTs were presented by Xu and Zhang (2008) and Hoekstra (2010), and they inspired the development of 

the three-dimensional structure of the PIOT model presented in this thesis. 

The structure of the three-dimensional model is displayed in Figure 4.2. It consists of the main aggregate 

PIOT which is used for accounting of all materials and a set of sub-tables. Each sub-table can be used for 

accounting of flows of a specific material type within and across the boundaries of the urban system. The 

structure of the main table as well as of the sub-tables is the same as the PIOT scheme presented in section 

4.5.3, while the number of sub tables m depends on the classification of materials. The sub-tables are linked 

with the main table as the elements in the main table represent the sum of the corresponding elements of the 

sub-tables. For instance, the total material inputs Zi,j,0 from sector i to sector j in the main table (k = 0) will 

be equal to the sum of specific material inputs from sector i to sector j  from each sub-table. Thus:   

                         


, ,0 , ,
1

m

i j i j k
k

Z Z , where i= 1,2,….n;  j = 1,2,….n and k = 1,2,….m.                                                (4.7) 

 

 

Fig. 4.2. The three-dimensional structure of the model 

 

It should be mentioned that the mass balance principle does not apply in the sub-tables. The total sectoral 

input does not equal the total sectoral output in these tables since the inputs and the outputs of a sector may 

be materials of different types due to the transformation that takes place in the sector. Therefore, the inputs 

and the outputs must be recorded in separate sub-tables. For instance, wood may be the input in a 

manufacturing industry which produces furniture and generates wood residuals. In this case, wood furniture 

and wood residuals would have to be recorded in separate sub-tables. The mass balance of these materials is 

established in the main table which aggregates all the materials from the sub-tables.  

Through the three-dimensional model, Substance Flow Analyses can be implemented, provided that 

information on the substance content of materials is available (Hoekstra, 2010). By contrast, in the simple 

materials 
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two-dimensional framework, the implementation of a SFA is not feasible, since the PIOT is used for 

recording of aggregated heterogeneous material flows whose substance content cannot be estimated.  

 

4.5.5 Indicators 

One of the most significant attributes of the PIOT framework that is presented in this thesis is that its 
detailed structure makes the systems boundaries clearer. Thereby, the urban socioeconomic system is 
depicted as being embedded within the national socioeconomic system, which in turn is embedded into the 
global socioeconomic system and all together are embedded into the natural environment. This clear 
demarcation of the system boundaries can facilitate the assessment of the urban system with a circular 
economy perspective. The quantitative information in the 1st quadrant of the PIOT framework depicts 
material flows within the boundaries of the urban system. The sum of a column represents the Total sectoral 
input deriving from the urban socioeconomic system, while the sum of a row indicates the Total sectoral 
output used in the urban socioeconomic system. These two sums are the basis of the following indicators 
which could be used for assessing the level of circularity of materials within the urban system: 

                  
 sec        

 sec           

Total toral input deriving from the urban socioeconomic system

Total toral input from the environment and the rest o
CI

f the world
                    (4.8) 

                
 sec        

 sec            

Total toral output used in the urban socioeconomic system

Total toral output sent to the environment and the rest of the w
CO

orld
               (4.9) 

 

CI stands for Circularity of sectoral inputs, while CO stands for Circularity of sectoral outputs. When the CI 
takes values higher than 1 it means that the proportion of the sectoral materials inputs deriving from the 
urban system is higher than the proportion of material inputs from the natural environment and the rest of 
the world. Similarly, when CO takes values higher than 1 it means that the proportion of sectoral material 
outputs going to other sectors within the boundaries of the urban system is higher than the proportion of 
materials sent outside the boundaries of the system. In essence, the higher the values of these two indicators, 
the more the economic sectors will use materials circulating in the urban system or produce materials that 
supply other sectors in the system. Thus, these indicators can be used to assess whether the urban system is 
in line with the principle of “keep products and materials in use” of the circular economy (Ellen McArthur 
Foundation, 2017). 

 

4.6 Classification of activities 

The economic activity sectors in the PIOT framework presented in this thesis have been classified based on 

the Statistical classification of economic activities in the European Community (NACE). In particular, NACE 

Rev.2 classification was adopted for the model. The structure of this classification system is hierarchical and 

comprises the following four levels (Eurostat, 2008a):  

1. a first level, consisting of 21 sections identified by an alphabetical code; 

2. a second level, consisting of 88 divisions identified by a two-digit numerical code; 

3. a third level, consisting of 272 groups identified by a three-digit numerical code; 

4. a fourth level, consisting of 615 classes identified by a four-digit numerical code.  

 

For instance, the code for the activity “Manufacture of ceramic tiles and flags” is 23.31. 23 is the code for the 

division (Manufacture of other non-metallic mineral products), 23.3 is the code for the group (Manufacture 

of clay building materials), and 23.31 is the code of the class (Manufacture of ceramic tiles and flags). The 

class belongs to section C (Manufacturing), though at this level of disaggregation the alphabetical code does 

not appear.  

The main reason for selecting NACE Rev.2 for the accounting model in this thesis is that it is the standard 

classification system in European Community since 2008. According to the NACE Regulations, statistics 
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collected by Member States must be compiled according to the NACE classification or according to national 

classifications derived from NACE. Statistics Sweden (SCB) uses the Swedish Standard Industrial 

Classification SNI 2007 which is based on the NACE Rev.2 classification (SCB, 2018a). Since NACE 

classification is widely recognized both in Europe and in Sweden, it will be easier to communicate the 

physical accounts that will be generated from the model. Moreover, MIOTs are compiled, with a top-down 

approach, by Eurostat and national statistics based on this classification. This top-down data may be 

downscaled to urban level and used in the model in case that bottom-up data are not available.  

In the model, the broad structure of NACE Rev.2 classification with the 21 sections is adopted. The 21 

sections are summarized in Table 4.5. Nevertheless, it was deemed necessary to disaggregate section E 

“Water supply, sewerage, waste management and remediation activities”. This section includes sewerage and 

waste management activities that will be the destination of residuals from other sectors. The disaggregation 

of this section can provide a more thorough illustration of the residual flows within the urban system. Thus, 

section E was disaggregated to the following divisions:  

 E.36. Water collection, treatment and supply; 

 E.37. Sewerage; 

 E.38. Waste collection, treatment and disposal; materials recovery; 

 E.39. Remediation activities and other waste management services. 

 

Division E.38 was disaggregated further to the following groups:  

 E.38.1 Waste collection 

 E.38.2 Waste treatment and disposal 

 E.38.3 Materials recovery. 

 

Hence, the economic sectors of the urban area were classified into 26 “classes”; 20 sections, 3 divisions and 3 

groups. In the thesis, the term economic sector will be used for these classes, as well as for household. 

Therefore, 27 economic sectors were integrated in the model.  

 

Table 4.5. The broad structure of NACE Rev.2 (Eurostat, 2008a) 

Section Title 

A Agriculture, forestry and fishing 

B Mining and quarrying 

C Manufacturing 

D Electricity, gas, steam and air conditioning supply 

E Water supply, sewerage, waste management and remediation activities 

F Construction 

G Wholesale and retail trade; repair of motor vehicles and motorcycles 

H Transportation and storage 

I Accommodation and food service activities 

J Information and communication 

K Financial and insurance activities 

L Real estate activities 

M Professional, scientific and technical activities 
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Table 4.5. continued 

N Administrative and support service activities 

O Public administration and defence; compulsory social security 

P Education 

Q Human health and social work activities 

R Arts, entertainment and recreation 

S Other service activities 

T Activities of households as employers, undifferentiated goods -and services- 
producing activities of households for own use 

U Activities of extraterritorial organisation and bodies 

 

4.7 Classification of materials 

As it has been mentioned the term materials is used in a broad sense that encompasses products, residuals, 

natural resources and other natural inputs. This section provides a description of the classification of the 

materials, as it has been done in the context of the model.  

 

4.7.1 Classification of products 

The classification of products in the model have been based on the Statistical Classification of Products by 

Activity (CPA) that has been used in the EU. CPA is the European version of the Central Product 

Classification recommended by UN and it is legally binding in the European Union (Eurostat, 2008b). In this 

context, SCB has developed the Standard for Swedish Product Classification by Industry (SPIN) which is in 

accordance with the CPA and has been approved by the EU (SCB, 2018b). A linkage between CPA and NACE 

has been established as each CPA product is related to a specific NACE activity. Therefore, the structure of 

CPA is hierarchical and parallel to that of NACE at all levels (Eurostat, 2008c). The structure consists of the 

following six levels (Eurostat, 2008c): 

1. a first level, consisting of 21 sections identified by an alphabetical code; 

2. a second level, consisting of 88 divisions identified by a two-digit numerical code; 

3. a third level, consisting of 261 groups identified by a three-digit numerical code; 

4. a fourth level, consisting of 575 classes identified by a four-digit numerical code; 

5. a fifth level, consisting of 1342 categories identified by a five-digit numerical code; 

6. a sixth level, consisting of 3142 subcategories identified by a six-digit numerical code. 

 

An example is the product “Polyamide and polyester high tenacity filament yarn” whose code is 20.60.12. 

Code 20 indicates the division (chemicals and chemical products), 20.6 is the code for the group (man-made 

fibres), 20.60 is the code for the class (man-made fibres), 20.60.1 is the code for the category (synthetic 

fibres), and 20.60.12 is the code for the subcategory (Polyamide and polyester high tenacity filament yarn). 

The sub-category belongs to section C (Manufactured products), albeit the alphabetical code does not appear 

in the code itself. 

The decision on which level of classification for the products should be applied in the model depends on the 

desired detail level of the analysis and the availability of data. In the model the first level structure has been 

applied. This level consists of 21 sections which are displayed in Table 4.6. Only the first 6 sections (A-F) 

contain products with material content, while the rest 15 sections contain services and hence they should be 

excluded from a physical accounting model. The products of section F (e.g. buildings and infrastructure) are 
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considered as stock in the model. Hence, in a coarse classification, sections A, B, C, D and E have been used 

in the model. Nevertheless, sections D and E include mainly services and only a few goods with material 

content. The only class of section D with physical products is “35.21 Manufactured gas” and the only category 

of section E is “36.00.1 Natural water”. Hence, this specific class and this category were used in the model 

instead of sections D and E. Thus, the following 5 “classes” have been used in the model: 

1. Products of agriculture, forestry and fishing (CPA code: A) 

2. Mining and quarrying (products) (CPA code: B) 

3. Manufactured products (CPA code: C) 

4. Manufactured gas (CPA code 35.21) 

5. Natural water (CPA code: 36.00.1) 

 

Apart from the coarse classification, another approach could be to classify the products based on the second 

level structure of CPA. In this case, a more thorough classification of the products could be achieved, though 

the number of sub-tables would increase significantly, increasing thereby the complexity of the model. In 

addition, more detailed data would be required for the compilation of the tables in the model. This level of 

classification was not preferred for the model at this stage, because it would complicate its description in the 

context of the thesis. However, if the accounting model would be applied for regular monitoring of material 

flows in urban areas, then a more detailed classification would be necessary.  

In general, the application of the CPA classification in the model ensures consistency between the 

classification of products and the classification of sectors through the NACE classification. Moreover, 

similarly to the NACE, CPA is an established and recognised system within the EU, hence the physical 

accounts of the model can be communicated easily. In addition, CPA and NACE classifications have been 

used for classification of products and activities in MIOTs that are compiled by national statistics offices. 

Thus, the adoption of these two classification systems could facilitate the combination of physical data with 

monetary data.  

 

Table 4.6. The 21 sections of CPA (Eurostat, 2008c). 

Section Title 

A Products of agriculture, forestry and fishing 

B Mining and quarrying (products) 

C Manufactured Products 

D Electricity, gas, steam and air conditioning 

E Water supply, sewerage, waste management and remediation services 

F Construction and construction works 

G Wholesale and retail trade services; repair services of motor vehicles and motorcycles 

H Transportation and storage services 

I Accommodation and food services  

J Information and communication services 

K Financial and insurance services 

L Real estate services 

M Professional, scientific and technical services 

N Administrative and support services 

O Public administration and defence services; compulsory social security services 

P Education services 
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Table 4.6. continued. 

Q Human health and social work services 

R Arts, entertainment and recreation services 

S Other services 

T Activities of households as employers, undifferentiated goods -and services- produced 
by households for own use 

U Services provided by extraterritorial organisation and bodies 

 

4.7.2 Classification of natural inputs 

The term “natural inputs” includes natural resource inputs and other natural inputs (UN, 2014). Natural 

resource inputs have been classified as follows (UN, 2014): 

1. Mineral and energy resources: oil resources, natural gas resources, coal and peat resources, non-
metallic mineral resources (excluding coal and peat resources) and metallic mineral resources; 

2. Soil resources (excavated); 

3. Natural timber resources; 

4. Natural aquatic resources; 

5. Other natural biological resources (excluding timber and aquatic resources); 

6. Water resources: Surface water, groundwater, soil water; 

 

The other natural inputs have been classified as follows: 

1. Inputs from soil: Soil nutrients, soil carbon and other inputs from soil; 

2. Inputs from air: Nitrogen, oxygen, carbon dioxide and other inputs from air; 

3. Other natural inputs n.e.c.; 

 

4.7.3 Classification of residuals 

The residuals flowing out of the urban area have been classified in the following groups which are suggested 

by UN (2014): 

1. Solid waste; 

2. Wastewater; 

3. Emissions to air; 

4. Emissions to water; 

5. Emissions to soil; 

6. Residuals from dissipative use of products and dissipative losses; 

 

In the list above, the residuals from dissipative use of products are products that are deliberately released to 

the environment during production processes, such as fertilizers and pesticides that are spread on soil and 

plants in agricultural activities or thawing materials that are spread on roads during winter (UN, 2014). 

Dissipative losses are materials that are an indirect result of a production or consumption activity, such as 

abrasion residues from brakes and tyres, and zinc from rain collection systems (UN, 2014). 

Moreover, UN (2014) suggested Natural resource residuals as another class. Natural resource residuals are a 

special class of materials which are both natural resource inputs as well as residuals.  They are natural 
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resource inputs that are not used by production processes but, instead, immediately become residuals and 

return to the environment. Thus, they should be recorded both as an input and output in the model. 

Examples of natural resource residuals are mining overburden, mine dewatering and discarded catch in 

fishing (UN, 2014). In the majority of studies, natural resource residuals have been referred as hidden flows 

or unused extraction.  

Natural resource residuals were not included in the model. Instead, indirect flows were integrated as 

additional information in the 8th compartment of the model. Indirect flows refer to material flows that have 

occurred up-stream in the production chain of a product and they are not physically embodied in the product 

itself (OECD, 2008a). In a PIOT framework, they can designate upstream material flows associated to 

products that cross the boundaries of the economic sectors (OECD, 2008a). They often called as “ecological 

rucksacks” and they comprise both used and unused materials (Fischer-Kowalski, 2011). Therefore, they 

were included in the model instead of Natural resource residuals (or hidden flows), as they can indicate 

environmental pressures that are caused upstream in the production chain due to both used and unused 

materials.  

According to the classification of products, natural inputs and residuals, that is described in the previous sub-

sections, the total number of material classes is 20. Thus, 20 corresponding sub-tables have been included in 

the three-dimensional model, along with the main table. The indirect flows were included in the table as 

additional information.   

 

4.8 Determination of the approach for quantification of material flows 

In the model, priority is given on the use of bottom-up data for quantifying the flows into, within and out of 

the boundaries of an urban socioeconomic system. In this context, a MFA on goods level will be applied for 

the assessed system in order to establish material balances for every economic sector of the urban system. 

The MFA be conducted based on data obtained from inventories, literature or from field measurements. The 

figures from the Material Flow Analyses will be used to establish the intersectoral flows and the flows 

between the urban socio-economic system and the natural environment, the national socio-economic system 

and the global socio-economic system. Thereby, the compilation of the sub-tables, and consequently of the 

main table, of the model will become feasible. 

As regards the estimation of indirect flows, there are three techniques that could be applied; IO approach, 

coefficients approach and hybrid IO approach. The IO approach aims to achieve economy-wide coverage 

based on a IO model which use top-down monetary data (Schaffartzik et al., 2013).  The coefficients 

approach focus on certain products or product groups and it is applied with a bottom-up manner, while the 

hybrid approach is a combination of the two other approaches (Schaffartzik et al., 2013). The coefficient 

approach is adopted for the model. Based on this approach the physical quantity of each material flowing 

into the urban system is multiplied with specific coefficients which are called Material Intensity (MI) factors 

and were developed by Wuppertal Institute for Climate, Environment and Energy (Dittrich, Bringezu and 

Schütz, 2012). The MI factors account for the material inputs that are required for the manufacturing of a 

product, on a cradle-to-product basis. All material inputs along the process chain are classified into five 

categories; abiotic raw materials, biotic raw materials, water, air and earth movement (Saurat and Ritthoff, 

2013). The MI factors have been continuously updated and their inventory is available online (Wuppertal 

Institute, 2018). 
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5. The physical accounting model 

In this chapter the physical accounting model for material flows in an urban area is presented. The model is 

abbreviated as Urban-PIOT (U-PIOT) in the thesis. The model was developed in Microsoft Excel and consists 

of 21 spreadsheets. The first spreadsheet is the main table, where the elements of the sub-tables are 

aggregated. Each of the other 20 spreadsheets corresponds to one sub-table where the material flows for a 

specific material class are recorded. 

 

5.1 The PIOT framework 

The PIOT framework is identical in all the spreadsheets of the model. Figures 5.1a and 5.1b display actual 

pictures of the main aggregate PIOT table for all materials, as it was developed in Microsoft Excel. The PIOT 

is displayed in two pictures to improve readability. Figure 5.1a shows quadrants 1, 6, 7, 8 and 9 of the table, 

while Figure 5.1b shows quadrants 2, 3, 4 and 5.  

In Figure 5.1a, the 27 economic sectors of the 1st quadrant are shown only in the rows of the PIOT, while in 

the columns most of them were erased to improve the resolution of the picture. In the original spreadsheet 

there are 27 economic sectors in the columns of the PIOT as well. The 26 sectors are classified according to 

NACE classification to allow comparison with MIOTs that use the same classification. The 27th sector is 

Households which is regarded as another economic sector of the urban socioeconomic system. In the table 

shown in Figure 5.1a, the column “Total sectoral output used in the urban socio-economic system” is 

dedicated for summing the output from each economic sector that is used by economic activities within the 

urban. Likewise, the row “Total sectoral input deriving from the urban socio-economic system” contains the 

sum of material inputs in a specific sector that are provided by other sectors within the urban socio-economic 

system. Moreover, the row “Total sectoral input from the environment and the rest of the world” sums the 

inputs from the natural environment, the national socioeconomic system and the global socioeconomic 

system to the economic activities of the urban system. The row “Total sectoral input” indicates the total 

inputs in each sector of the urban socioeconomic system.  

In Figure 5.2b, the 2nd quadrant of the PIOT indicates the outputs from the urban socioeconomic system to 

the national socioeconomic system. In the 2nd quadrant the destination sectors for the residuals from the 

urban socioeconomic system are displayed. These four sectors are:  

 NACE_E.37. Sewerage; 

 NACE_E.38.2. Waste treatment and disposal; 

 NACE_E.38.3. Materials recovery; 

 NACE_E.39. Remediation activities and other waste management services. 

For consistency, these sectors were classified according to the NACE classification system, similarly to the 

economic sectors in the urban socioeconomic system.  

In Figure 5.1b, the column “Total sectoral output to the environment and the rest of the wold” of the PIOT 

table can be seen. This column is dedicated for summing the material outputs from each of the economic 

sectors in the urban socioeconomic system to the national socioeconomic system, to the global 

socioeconomic system and to the natural environment. The column “Total sectoral output” is used for 

summing the total output from each sector, while the last column is used for recording stock changes. 
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Fig. 5.1a. The 1
st
, 6

th
, 7

th
, 9

th
 and 9

th
 quadrants of the main PIOT. 

 

 

Fig. 5.1b. The 2nd, 3rd and 4th quadrants of the main PIOT. 
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5.2 Principles and conventions for physical accounting with the model 

In this section, the principles and conventions of physical accounting based on the U-PIOT model are 

described.  

First of all, the material flows are recorded in the tables of the model in mass units (tonnes). The accounting 

of goods mass is done by taking into account their packaging. In case that packaging was recorded separately 

from the goods, a specific class for packaging should have been created and a corresponding sub-table in the 

model should have been included (OECD, 2008b). 

The core principle which is embedded in the model is the material balance principle which applies for every 

sector and leads to the following identity:  

                                         Total sectoral input = Total sectoral output + Stock changes                                    (5.1) 

 

As it has been explained in sub-section 4.5.4, this identity applies only for the sectors in the main table. 

Referring to the main table the abovementioned identity can be analysed further to the following identity: 

Total sectoral input from the environment and the rest of the world + Total sectoral input deriving from the 
urban socio-economic system = Total sectoral output used in the urban socioeconomic system + Total 
sectoral output to the environment and the rest of the world + Stock changes                                                 (5.2)    

 

Essentially, these identities require that for each economic sector whenever a material input is recorded the 

corresponding output(s) and the potential stock changes must be recorded. The material input is recorded in 

a specific sub-table according to its class. If the output of the economic sector remains in the same class with 

the material input, it is recorded in the same sub-table, in the relevant quadrant. Nevertheless, if the 

economic sector transforms the material input of a specific class into a material or materials of another class 

or classes, then the outputs are recorded in the corresponding sub-tables for the new class or classes. 

Likewise, if the material input accumulates in stock without being transformed, it is recorded in the same 

sub-table with the input, whereas if the material is transformed into other material(s) and then accumulates 

in stock, it is recorded in the corresponding sub-table(s) for the transformed material. 

For instance, if the material inputs in households are durable goods (manufactured products) and a part of 

them is transformed to solid waste while the rest accumulates in the stock, the input and the stock changes 

are recorded in the sub-table for manufactured products while the output is recorded in the sub-table for 

solid waste. In another case, if the material input in a manufacturing industry is metal ores (mining and 

quarrying products) which is transformed to crude steel (manufactured products) which is stored in the 

industry’s inventory for a period longer than the accounting period, then the input is recorded in the sub-

table for mining and quarrying products and the stock change is recorded in the sub-table for manufactured 

products. A special case is the accumulation of materials in the stock of buildings and infrastructure. In this 

case the material inputs accumulate directly in the stock, thus the stock change is recorded in the same sub-

table with the inputs.  

A material input of an economic sector is recorded in the relevant quadrant of the sub-table that represents 

its origin. When the material is imported from the national socioeconomic system it is recorded in quadrant 

6, when it is imported from the global socioeconomic system it is recorded in quadrant 7 and when it is 

natural input from the environment it is recorded in quadrant 8. Similarly, a material output is recorded in a 

specific quadrant of the sub-table according to its destination. When the material flows to the national 

socioeconomic system it is recorded in quadrant 2, when it flows to the global socio-economic system it is 

recorded in quadrant 3 and when it flows to the natural environment it is recorded in quadrant 4.  

Stock changes are recorded in quadrant 5 and they can be positive or negative. In the first case they indicate 

addition of materials in stock, whereas in the second case they indicate removals of materials in stock. The 

removed materials become output of the economic sector, thus they have to be recorded in the corresponding 
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sub-table. For instance, demolition waste from demolished buildings must be recorded in the sub-table for 

solid waste, in quadrant 2 if it flows to the national socioeconomic system or in quadrant 4 if it flows to the 

natural environment (e.g. illegal dumping of waste). In case that demolition waste becomes input in one of 

the economic sectors of the urban socioeconomic system, it is recorded in quadrant 1.  

If the material inputs and outputs, as well the stock changes, are recorded properly in the sub-tables, the 

material balance for every economic sector is established in the main table which aggregates all the material 

flows and stock changes for an economic sector.  

The indirect flows associated to the material inputs of each economic sector are recorded in quadrant 9. 

These flows are not taken into account in the mass balance of an economic sector as they do not physically 

cross the boundaries of the system. The information on indirect flows is added in order to integrate life-cycle 

perspective in the framework that will facilitate the assessment of the exerted pressures to the environment 

due to material use in the urban system.  

An important issue that should be clarified is how economic activities that produce goods and economic 

activities that produce services, are regarded in the context of the U-PIOT accounting model. Activities that 

produce goods transform their material inputs to goods, which have material content, and residuals. By 

contrast service activities usually transform material inputs only to residuals, since their products are 

services which usually do not have material content (OECD, 2008b). Hence, the main product of the service 

activities is not recorded in a physical accounting scheme. In this context, the materials that are transported 

by transport activities should not be recorded as inputs and outputs of these activities, since the output of 

these activities is the service of transporting the materials and not the materials themselves. In this case, only 

the inputs and outputs that are connected to the production of the service (e.g. fuels used by vehicles and 

emissions from vehicles) are accounted for, while the transported materials are shown as flows from the 

producing activity directly to user (OECD, 2008b). Similar cases are trade activities or waste collection 

activities. This practice conforms with the national accounting practices of the System of Environmental 

Economic Accounting (SEEA) (UN, 2014) and it is adopted for the accounting model presented in this thesis.   
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6. Application of the model to the Stockholm Royal Seaport district 

In this chapter, a preliminary application of the three-dimensional U-PIOT model in the Stockholm Royal 

Seaport (SRS) district is described. The model was applied to account for material flows in a recently 

developed neighbourhood in the district. The material flows were mapped and quantified through a MFA, 

based on bottom-up data. The MFA is described in the first part of the chapter, while the integration of the 

results in the model in the second part. 

 

6.1 Material Flow Analysis  

6.1.1 Goal definition 

The goal of the MFA is to establish the mass balances for the different economic sectors operating in a 

particular neighbourhood of the SRS district based on bottom-up data. The underlying aim of the analysis is 

to provide quantitative data that could be used for the demonstration of the functions of the physical 

accounting model. 

 

6.1.2 Case study area: The Stockholm Royal Seaport district 

The SRS district is the largest urban development project in Sweden. It is an ambitious green building project 

that will transform a former industrial zone into a green district that will perform as a showcase for 

sustainable living (SymbioCity, n.d.). The SRS district is located at the north-eastern Stockholm, a few 

kilometres away from central Stockholm (see Figure 6.1) and its size is 236 hectares. When completed in 

2030, the new district will comprise at least 10,000 new houses and 600,000 m2 of commercial areas 

(Stockholms Stad, 2018a). 

 

 

Fig. 6.1. SRS location. Source: Stockholms Stad (2018a). Reproduced with permission. 

 

The planning of the district started in the early 2000s. In 2009, the City Council of Stockholm decided that 

the SRS district would be developed with an environmental profile based on experiences from the city’s first 

environmental district, Hammabry Sjöstad (Shahrokni et al., 2015; Stockholms Stad, 2016). In 2010 the City 

Council approved the programme for the environmental and sustainable urban development in the SRS with 

an overall vision for SRS to become a model of sustainable urban district (Stockholms Stad, 2018a). Since 

2009, specific strategies that would ensure the fulfilment of the vision for sustainable development in the 

SRS have been developed. After a recent revision, the following strategies have been established (Stockholms 

Stad, 2018b):  
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 Vibrant city: to ensure that SRS will be designed as an attractive and vibrant district. 

 Accessibility and proximity: to prioritize access and proximity to services and to provide for the use 
of sustainable transport modes. 

 Resource efficiency and climate responsibility: to provide flexible and robust solutions that will 
promote sustainable resource use in the district and to ensure that SRS will be fossil-fuel free by 
2030. 

 Let nature do the work: to promote the development of structures that can deliver ecosystem 
services in the area. 

 Participation and consultation: to stimulate participation and consultation through inclusive 
processes.  

 

In the context of the revised, as well as the initial strategies, sustainability requirements for the planning and 

construction of the different development phases of the SRS district have been enacted. A summary of the 

most significant requirements is provided in Annex A. These requirements were voluntary for the first two 

development phases, Norra 1 and Västra, which were planned before 2009. The first development phase that 

was covered by sustainability requirements was Norra 2, which includes three blocks with 600 dwellings, and 

a new preschool. The site allocation for this phase was done in 2009, the construction started in 2014 and 

completed in 2017. The other three development phases with sustainability requirements are Gasverket, 

Brofästet and Södra Värtan. The first will include 13,500 m2 of schools and sport facilities and its 

construction started in 2015 and will finish in 2021. The construction of Brofästet started in 2016 and will 

finish in 2019 and it will provide 589 dwellings and 3,000 m2 of commercial areas. The Södra Värtan phase 

will include 1,900 dwellings and 125,000 m2 of commercial areas and its construction is anticipated to 

initiate in 2019 and finish in 2023 (Stockholms Stad, 2016). The development phases of the SRS are 

displayed in Figure 6.2.  

 

 

Fig. 6.2. The development phases of SRS. Source: Stockholms Stad (2016). Reproduced with permission. 
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As part of the Stockholm city’s environmental goals for SRS, a Construction Consolidation Centre (BLC) was 

established in the area (Bygglogistikcenter, 2018). The BLC is a distribution facility (logistics centre) through 

which the materials that are used by the construction sector, during the development of the district, are 

channelled to the construction sites. Initially the materials from the suppliers are unloaded in the BLC, they 

are temporarily stored and then are reloaded to electric or hybrid loop trucks which deliver them to the 

construction sites. In a few cases, bulky materials are delivered directly to the sites, though the BLC is 

responsible for keeping records of these deliveries as well (Arnell, 2018). Moreover, BLC is responsible for 

collecting segregated C&D waste from the construction sites and channel it for final treatment in facilities 

outside SRS (Arnell, 2018). The function of the BLC in SRS is depicted in Figure 6.3. 

In general, the BLC, through its services, can coordinate and optimize material logistics. Thereby it can 

ensure environmental benefits and cost savings from reduced traffic, improved resource efficiency and 

efficient waste management (Lundesjo, 2011; Stockholms Stad, 2016). Moreover, the BLC in SRS provides 

shared perimeter protection, construction site information, development phase coordination and street 

cleaning (Stockholms Stad, 2016). An additional advantage of the BLC is that it has developed a database for 

recording of materials inputs into and waste outputs out of the construction sector in the SRS district (Arnell, 

2018).  

 

 

Fig. 6.3. The flows of construction materials and waste through the BLC in the SRS district. 

 

6.1.3 System definition 

The MFA was applied for the Zenhusen neighbourhood which is part of the Norra 2 development phase and 

consists of 18 housing units (Residence, 2017). The construction of the neighbourhood commenced in 2015 

and was completed in 2017, and the gross area (Brutto Area -BTA) that was built is 3,013 m2 (Larsson, 2018). 

The main reason for selecting this neighbourhood for applying the model is the rather high availability of 

data since an extensive inventory of the materials that were utilized during its construction period is 

available. In addition, data on C&D waste is available for the whole period of construction. Furthermore, the 

neighbourhood was part of the Norra 2 phase which was covered by sustainability requirements.  

 

System boundaries 

The neighbourhood is part of the Norra 2 development phase which is in the northern part of the SRS 

district, as it is shown in Figure 6.2. The system boundaries of the system do not exactly coincide with the 

geographical boundaries of the project area. The boundaries include the neighbourhood but moreover they 

were expanded to include the BLC in the analysis, since it has been an important actor for all the 
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development phases of SRS. Thereby, a small-scale simulation of the material flows in the SRS during its 

development, could be provided.  

The temporal boundary for the analysis is annual. In particular, the MFA was applied to map and analyse the 

material flows in 2016.  

 

Determination of activities 

During 2016, the main activities within the system boundaries belong to three sectors; Construction sector, 

Transport and storage sector, and Waste collection sector. The Construction sector is responsible for the 

construction of the buildings in the Zenhusen neighbourhood. The services provided by the BLC belong both 

to the Transport and storage sector, as well as to the Waste collection sector, since BLC transported materials 

to the construction site and collected waste from the site.   

 

Materials scope 

All type of materials that were used by the Construction sector for constructing the buildings in the Zenhusen 

neighbourhood were included in the scope of the analysis. However, materials used for the construction of 

infrastructure in the neighbourhood were excluded as data were not available. Fuels used by the vehicles and 

machinery in the Construction sector, and air used for the combustion of fuels are included in the scope. By 

contrast, water inputs and wastewater outputs were excluded as it was unknown if the construction sector 

uses water from water supply or extracts water resources (e.g. groundwater from the environment). As 

regards the outputs from the Construction sector solid waste and air emissions are taken into account. For 

the Transport and storage, and Waste collection sectors the main material inputs are fuels and air, while the 

outputs are air emissions. 

 

6.1.4 Data collection and analysis  

A bottom-up approach was adopted to obtain data for the material flows in the Zenhusen neighbourhood. An 

attempt was made to obtain data through the database of the BLC. In the database there are data on material 

inputs, as well as waste outputs from the projects under construction in SRS. Moreover, the database 

contains data on fuel use by the vehicles of BLC. However, a new operator took over the management of the 

BLC in April 2018, and the data from the previous operator would not become available during the time 

frame of the thesis.  Hence an alternative process for obtaining bottom-up data was followed. An inventory of 

the materials that were used for the construction of the Zenhousen neighbourhood and data on waste 

generated during the construction phase, was obtained from Stockholm City’s Sustainability Portal 

(Hållbarhetsportalen)2. The inventory included values for 234 different types of materials that were used for 

the construction of the neighbourhood and it is presented in Appendix B. Most of the values were not 

reported in mass units, but instead they were in volume units, surface units or in number of items. These 

values were converted in mass units through conversion factors. The following hierarchical procedure was 

followed for the identification of the conversion factors: 

1. Identification of the conversion factors from fact sheets provided by the manufacturers of the 

materials.  

2. Identification of the conversion factors from data or reports available in the database of 

Byggvarubedöomningen3 (BVB) association. The database applies its own coding system where each 

                                                 
2
 The portal is an IT support system through which the developers in SRS report data on material inputs in the projects 

and on waste outputs. Thereby, Stockholm City’s officers can evaluate whether the developed buildings meet the 

sustainability requirements enacted by the city of Stockholm (Stockholms Stad, 2018c).  
3
 The BVB is a non-profit economic association which assesses and then provides information on sustainability-rated 

products (Byggvarubedömningen, 2018). 
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product has a specific id. The same coding system is applied in the inventory of Hållbarhetsportalen, 

therefore the identification of the materials in the BVB database was possible.  

3. Identification of the conversion factors from the literature, such as technical books or websites. 

4. Identification of the conversion factors of similar materials which were assumed to be the same with 

those under investigation. This approach was followed only in a few cases where the first three 

approaches were not applicable. 

Based on this process, conversion factors for most of the material types were found and eventually the flows 

of 202 different materials were quantified into the same unit of measurement (tonnes). 25 material flows 

were not quantified because values were missing in the inventory from Hållbarhetsportalen and 7 because 

the conversion factors could not be established as the information in the inventory was insufficient. For 

example, one material flow was the components of the kitchens of the residences. However, only the number 

of items and the name of the supplier were available, and since no information on the type of the components 

was available, the quantification of this material flow was impossible.  

The next step was to classify the materials based on the CPA classification which was adopted for the U-PIOT 

model. The materials were classified based on the second-level structure (in divisions) of the CPA 

classification. Composite goods consisting of different materials or made up of different components, were 

classified by taking into account the material with the highest proportion in the good. For instance, wooden 

windows were classified as “Other non-metallic mineral products” and not as “Wood and of products of wood 

and cork, except furniture; articles of straw and plaiting materials”, since they consist predominantly of glass 

and less from wood. It should be mentioned that in the CPA 2008 Introductory Guidelines (Eurostat, 2008b) 

it is suggested that in the cases of composite goods the classification should be made based on the material or 

component defining their essential character. According to this suggestion, the wooden windows should 

probably be classified as “Wood and of products of wood and cork, except furniture; articles of straw and 

plaiting materials”. However, the aim of the case study is to establish the mass balance in the Zenhusen 

project and not to characterize the products used in the project. Hence, priority was given on the component 

with the highest mass content in the composite goods.  

Based on the abovementioned rules, the classification of the products was realized. The divisions that were 

identified and the sections in which the divisions belong, are summarized in Table 6.1. 

 

Table 6.1. The sections and divisions that were used form the classification of the materials of the inventory from 

Hållbarhetsportalen 

Section  Title  Division Title 

B Mining and quarrying 
(products) 

  

  08 Other mining and quarrying products 

C Manufactured products   

  16 Wood and of products of wood and cork, except 
furniture; articles of straw and plaiting 
materials 

  20 Chemicals and chemical products 

  22 Rubber and plastic products 

  23 Other non-metallic mineral products 

  24 Basic metals 

  25 Fabricated metal products, except machinery 
and equipment 

  27 Electrical equipment 

  28 Machinery and equipment n.e.c. 

  31 Furniture 
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Apart from the materials of the inventory from Hållbarhetsportalen, there were also other material inputs in 

the Construction sector, as well as in the two other sectors operating within the system boundaries. Fuels and 

air are used by the three sectors. Nevertheless, bottom-up data for fuel consumption could not be found. This 

type of data could be obtained potentially with a top-down approach, though this process is outside the scope 

of this case study. Thus, these flows were not quantified, albeit they are considered in the analysis and they 

are demonstrated in the illustrations of the mass balances of each sector. Since, these flows are taken into 

account in the analysis, they were classified also according to the CPA classification. Fuels were classified as 

Coke and refined petroleum products (C.19). Air is not a product, so it was not classified according to the 

CPA classification. 

As regards the outputs, the data on waste from Hållbarhetsportalen was in mass units and no conversion was 

necessary. In the data files of the portal, C&D waste outflows are classified in the following 19 categories:  

 Scrap and metals 

 Cables 

 Glass 

 Paper 

 Cardboard 

 Plastic 

 Wood 

 Combustible waste 

 Commercial waste 

 Gypsum 

 Excavated aggregate 

 Filling aggregate 

 Concrete 

 Bricks 

 Asphalt 

 Mixed waste 

 Mixed C&D waste for landfill 

 Mineral wool 

 Hazardous waste 

 

This classification was adopted for the analysis. Data on air emissions were not available and they could not 

be even estimated with a top-down approach, since fuel and air inputs are unknown.  

A problem with the data from the Hållbarhetsportalen was that the values on material inputs were given for 

the whole period of construction of the Zenhusen project, namely from 2015 until 2017. On the other hand, 

the values on waste outputs were given on an annual basis. Since, an annual time boundary was decided for 

the analysis, the values of material inputs were allocated on an annual basis. The allocation was based on the 

assumption that material inputs have the same annual allocation with the waste inputs. In 2015 10.7% (21.7 

t) of the total amount of waste was produced, in 2016 82.4% (168.1 t) and in 2017 6.9% (13.98 t). Since the 

total amount of material inputs for the whole period of construction was calculated 5250.9 t, the material 

inputs in 2015 were 561.8 t, in 2016 were 4326.7 t and in 2017 were 362.3 t.  
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6.1.5 Estimation of indirect flows 

An attempt was made to estimate the indirect flows associated with the material inputs in the Zenhusen 

neighbourhood based on coefficients approach that was developed by Wuppertal Institute for Climate, 

Environment and Energy. The inventory of the MI coefficients is available online (Wuppertal Institute, 2018) 

and it is updated whenever a new product or technology related study becomes available (Dittrich, Bringezu 

and Schütz, 2012).  

Nevertheless, there are limitations with this approach. First and foremost, there were not available 

coefficients for all the materials in the inventory from Hallbårhetsportalen. The database of the Wuppertal 

Institute contains mainly coefficients for raw materials and semi-finished products, whereas the inventory of 

materials used by the Construction sector in Zenhusen includes a significant number of finished products 

(e.g. fabricated metal products, chemical products, rubber and plastic products). A methodology on how to 

estimate MI coefficients for finished products is included on a manual, published by Wuppertal Institute 

(Ritthoff, Holger and Liedtke, 2002), which provides instructions for the implementation of analyses 

according to the concept of material input per service unit (MIPS). The MIPS is a lifecycle-wide resource 

accounting method and in the context of this method, the MI coefficients account for upstream flows of used 

and unused resource extraction (Dittrich, Bringezu and Schütz, 2012). The process of estimating these 

coefficients is implemented on “cradle-to-product” basis, which requires significant amount of data and time. 

The estimation of MI coefficients for all the products used in the Zenhusesn project is beyond the scope of 

this case study and could not be realized due to time limitations. Thus, indirect flows were estimated for the 

materials of the inventory for whom coefficients could be assigned directly. Moreover, finished products with 

simplified structure were assumed to be semi-finished products in order to calculate their indirect flows. This 

assumption applied to homogenous finished products which consisted predominantly of one material (at 

least 75% of the product should be one material). For instance, a plastic product comprising at least 75% 

polypropylene was assumed to be polypropylene and a fabricated metal product consisting at least 75% of 

stainless steel was assumed to be stainless steel. However, for the most advanced composite materials (e.g. 

chemicals and electrical equipment) this assumption could not be applied, and the indirect flows were not 

estimated. 

Another limitation was that the coefficients have been calculated with Germany or Europe as geographical 

reference. Thus, it is likely that these coefficients are different than the actual material intensity of products 

in Sweden. The adjustment of the MI coefficients to Swedish context would require further research. 

Therefore, it was assumed that the coefficients represent adequately the material intensity of products in the 

Swedish context.  

An additional problem for the estimation of the indirect flows was that the classification of the coefficients is 

different from the NACE classification that was adopted for the U-PIOT model. According to the NACE 

classification the materials were classified into 10, rather aggregated, “classes” (see Table 6.1), whereas the 

MI coefficients correspond to specific materials. Hence, the materials from the inventory of Zenhusen project 

were investigated one by one and assigned to the corresponding coefficients, whenever it was possible. The 

MI coefficients that were used for the estimation of indirect flows are presented in Table 6.2.  

Based on the abovementioned assumptions and process, indirect flows were estimated for 105 out of the 275 

materials of the inventory. Nonetheless, the 105 materials cover approximately 93% of the total mass input. 

Even though the estimation of direct flows for all materials was not possible, it was deemed necessary to 

perform the calculation process and include the partial findings in the model, in order to demonstrate on the 

one hand, the potential for integrating life-cycle perspective in the accounting model and on the other hand, 

the limitations deriving from the absence of MI coefficients for all materials.  

aA 

aA 

aA 

aAaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 
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Table 6.2. The MI coefficients that were used for estimating the indirect flows of the material inputs (Wuppertal Institute, 2018) 

Material Specification Abiotic Materials (t/t) Biotic Materials (t/t) 

Aluminium Cast alloy 8.11  

 Average 18.98  

Steel Hot rolled, blast furnace route 7.63  

 Plate, blast furnace route 8.05  

 Rebar, wire rod, engineering 

steel; blast furnace route 

8.14  

 Cold rolled, blast furnace route 8.51  

 Plate, hot dipped galvanise, 

basic oxygen steel 

9.32  

 Plate, electrogalvanized, blast 

furnace 

9.42  

Stainless steel 17% Cr; 12% Ni 17.94  

Copper 50% primary; 50% secondary 179.07  

Concrete B25 1.33  

Cellular concrete 600 kg/m3, statically reinforced 2.37  

 500 kg/m3, statically reinforced 2.64  

Cement Portland cement 3.22  

Sheet glass  Float glass 2.95  

Sand Quartz sand 1.42  

Manmade mineral fibres Rock wool 4  

 Glass wool 4.66  

Aluminium Cast alloy 8.11  

 Average 18.98  

Steel Hot rolled, blast furnace route 7.63  

 Plate, blast furnace route 8.05  

 Rebar, wire rod, engineering 

steel; blast furnace route 

8.14  

 Cold rolled, blast furnace route 8.51  

 Plate, hot dipped galvanise, 

basic oxygen steel 

9.32  

 Plate, electrogalvanized, blast 

furnace 

9.42  

Stainless steel 17% Cr; 12% Ni 17.94  

Copper 50% primary; 50% secondary 179.07  

Concrete B25 1.33  

Cellular concrete 600 kg/m3, statically reinforced 2.37  

 500 kg/m3, statically reinforced 2.64  

Cement Portland cement 3.22  

Sheet glass  Float glass 2.95  

Sand Quartz sand 1.42  

Manmade mineral fibres Rock wool 4  

 Glass wool   

 



 
45 

Table 6.2. continued 

Diabase Crushed 1.42  

Polystyrene General purpose 2.5  

Polyethylene HDPE 2.52  

PVC  Suspended 3.33  

Polypropylene (PP) Injection moulding 4.24  

Polyurethane Rigid foam 6.31  

Wood Spruce wood (cut timber, baked) 0.68 4.72 

 Pine wood (cut timber, baked) 0.86 5.51 

 Plywood 2 9.13 

 

6.1.6 Results 

Based on the mass balance principle and the data on material inputs and outputs, the material balances for 

each of the three sectors operating within the boundaries of Zenhusen neighbourhood, were established. The 

material balances are depicted in Figures 6.4, 6.5, 6.6.  

 

 

Fig. 6.4. The material balance of the Construction sector in Zenhusen neighbourhood. 
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From the mass balance of the Construction sector in Figure 6.4 it can be seen that the inputs of air and fuels, 

and the outputs of air emissions were not quantified. By excluding these flows, the material inputs were 

4326.7 t or 1.44 t/m2, in 2016. 87.8% of all material inputs are “Other non-metallic mineral products”. This 

category includes materials, like concrete, concrete blocks, cement, binders and mortars. Other significant 

material inputs are “Basic metals” (4.6%), “Wood and of products of wood and cork, except furniture; articles 

of straw and plaiting materials” (2.6%) and “Chemicals and chemical products” (2.4%). The validity of these 

figures was assessed by comparing them with similar figures from the literature. Ruuska and Häkkinen 

(2014) estimated that the total need of building materials over a 50-year life cycle for a six-storey residential 

building in Finland is 1.62 t/m2, Hashimoto, Tanikawa and Moriguchi (2007) showed that the material input 

rate per total floor space of dwellings in Japan ranges from 1.896 to 1.995 t/m2, and Condeixa (2016) found 

that the material intensity per floor space of residential 4-storey buildings in Brazil is 1,011.26 t/m2. Even 

though, these figures were estimated for different material scopes, in different regions and based on different 

methodological approaches, they indicate that the figure of 1.44 t/m2 that was estimated in the context of this 

thesis is rather valid.  

The material outputs of the Construction sector were 168.3 t of solid waste. Thus, based on the mass balance 

principle the accumulation of materials in the stock, namely the buildings, was estimated 4158.4 t. Even 

though, the material balance was incomplete, the estimation of stock is rather accurate since it is very unlike 

the material inflows that were not quantified (air and fuel) to accumulate in the buildings. Instead they would 

have been transformed to outputs (emissions) during the accounting year. According to the mass balance 

96.1% of the material inputs accumulated in stock and 3.9% became waste. Thus, it can be deduced that the 

construction process is rather efficient, since only 3.9% of the material inputs became waste. However, one of 

the sustainability requirements on waste was no met, which indicates the level of ambition in the 

requirements for the SRS district. The produced waste in 2016 was 168.3 t, while in 2015 was 21.77 t and 

13.98 t in 2017. Overall 203.85 t of waste were produced during the construction of the neighbourhood and 

by taking into account the BTA (3,103 m2) it was found that 65.7 kg/m2 BTA was generated, which is more 

than three times higher than requirement of 20 kg/m2 (see Appendix A). 

The indirect flows that are associated to the imported materials of the Construction sector were estimated 

5974 t. This amount is 38% higher than the amount of direct flows and indicates the level of pressure that is 

exerted to the environment due to production of the imported materials.  

Figures 6.5 and 6.6 show the material balances (qualitatively) of the Transportation and storage sector, and 

the Waste collection sector respectively. The inputs of air and fuels (coke and refined petroleum products), 

and the outputs of air emissions could not be quantified due to data gaps. As it was explained in section 5.2, 

the materials that are transported by the transportation sector or the waste that is collected by the Waste 

collection sector are not accounted for neither as inputs nor as outputs.  

 

Fig. 6.5. The material balance of the Transportation and storage sector in Zenhusen neighbourhood. 
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Fig. 6.6. The material balance of the Waste collection sector in Zenhusen neighbourhood. 

 

6.2 Integration of the MFA results in the U-PIOT model 

At this section the process for integrating the results of the MFA in the tables of the U-PIOT model, is 

described. It should be highlighted that the material flows that were not quantified are also taken into 

account in the model in order to include all three economic sectors in the process and provide a more 

complete picture of the UM in the neighbourhood. In the cells representing unknown flows a question mark 

was added instead of real values. Since there were only three economic sectors in the Zenhusen 

neighbourhood the first quadrants of the tables were adjusted to include only these three sectors.  

The first step of the process was to classify the material inputs according to the coarse classification that was 

decided for the model and is described in section 4.7 of the thesis. 4,303.4 t of the material inputs of the 

Construction sector were classified as “Manufactured products” and 23.3 t as “Mining and quarrying 

products”. The non-quantified inputs of “Coke and refined petroleum products” in the Construction sector 

were classified as “Manufactured products” and the non-quantified inputs of air as “Inputs from air”.  168.3 t 

of the outputs were classified as “Solid waste”, while the non-quantified outputs were classified as “Air 

emissions”. As regards, the inputs of the Transportation and storage sector, they were classified as 

“Manufactured products” and “Inputs from air”, while the outputs as “Air emissions”. The same classification 

applied to the inputs and outputs of the Waste Collection sector.  

The next step was to estimate the allocation of the different classes of material inputs in the “Solid waste” 

output and in the stock. For the 168.3 t of “Solid waste”, it was estimated based on its composition, which is 

shown in Figure 6.4, that 162.5 t derived from “Manufactured products” and 5.8 t derived from “Other 

mining and quarrying products”. Based on these estimates, it was found that 4,140.9 t of “Manufactured 

products” and 17.5 t of “Mining and quarrying products” accumulated in the Construction sector (in the 

buildings). 

Next the origin of material inputs and the destination of material outputs were identified. Through research 

it was found that 42.5 t of the “Manufactured products” were imported in SRS from the global socioeconomic 

system and the rest 4260.9 t from the national. All the “Mining and quarrying products” were imported from 

the national socioeconomic system. For the non-quantified flows, it was assumed that all of them derived 

from the national socioeconomic system. To map the destination of the waste outputs of the Construction 

sector, information from the Stockholm City’s Sustainability report were used. In the report it was mentioned 

that 31% of C&D waste from Norra 2 was recycled and reused, 67% was incinerated for energy recover and 

2% was disposed to landfill (Stockholms Stad, 2018). Assuming that the same figures apply to Zenhusen, it 

was estimated that 50.4 t of “Manufactured products” were sent for Materials recovery and 112.1 t for Waste 

treatment and disposal. Likewise, it was estimated that 1.8 t of “Mining and quarrying products” were sent 

for Materials recovery and 4.1 t were sent for Waste treatment and disposal. All the waste outputs were sent 

to the national socio-economic system, since there are no waste treatment facilities within the system 

boundaries. The destination for air emissions was the natural environment.  
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The final step was to integrate the data in the tables of the U-PIOT model. First, in the sub-table for 

“Manufactured products”, 4,260.9 t were added in the cell of the 6th quadrant, indicating intra-national 

imports to the Construction sector (encircled cell 1 in Figure 6.7a). A question mark was added in the same 

table representing the unknown amount of “Manufactured products” (fuels) used by the sector. In addition, 

42.5 t were added in the cell indicating international imports (encircled cell 2 in Figure 6.7a). 4,140.9 t were 

recorded in the cell of the fifth quadrant representing the accumulation of “Manufactured products” in the 

stock of the construction sector (buildings) (encircled cell in Figure 6.7b).  

 

 

Fig. 6.7a. Part of the sub-table for Manufactured products. The encircled cells indicate the flows the intranational imports (1) 
and the international imports (2) to the construction sector. 

 

 

Fig. 6.7b. Part of the sub-table for Manufactured products. The encircled cell indicates stock changes. 

 

Next in the sub-table for “Mining and quarrying products”, the cell of the 6th quadrant representing the flows 

of national imports to the construction sector, was filled with 23.3 t (encircled cell in Figure 6.8a). Then, 17.5 
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t were recorded in the cell of the 5th quadrant indicating the accumulation of mining and quarrying products 

in the stock of the construction sector (encircled cell in Figure 6.8b).  

 

Fig. 6.8a. Part of the sub-table for Mining and quarrying products. The encircled cell indicates the flows Mining and quarrying 
products imported from the national socioeconomic system to the construction sector. 

 

 

Fig. 6.8b. Part of the sub-table for Mining and quarrying products. The encircled cell indicates stock changes. 

 

In the sub-table for “Inputs from air”, a question mark was added in the cell of the 8th quadrant indicating 

the flows of “Other natural inputs” from the natural environment to the construction sector (encircled cell in 

Figure 6.9).  
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Fig. 6.9. Part of the sub-table for Inputs from air. The encircled cell indicates the flows of air from the natural environment to 
the Construction sector. 

 

In the sub-table for “Emissions to air”, a question mark was added in the cell representing the flows of air 

emissions from the Construction sector the natural environment due to combustion of fuels (encircled cell in 

Figure 6.10).  

 

 

Fig. 6.10. Part of the sub-table for Emissions to air. The encircled cell indicates the flows of Emissions to air from the 
Construction sector to the natural environment. 

 

Next, in the sub-table for “Solid waste”, the cell of the 2nd quadrant representing the flows of waste from 

Construction sector to Materials recovery in the national socioeconomic system, was filled with 52.2 t4 
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 52.2 t = 50.4 t of waste derived from Manufacturing products and 1.8 t of Mining and quarrying products. 
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(encircled cell 1 in Figure 6.11), and the cell representing the flows of waste to Waste treatment and disposal 

was filled with 116.1 t5 (encircled cell 2 in Figure 6.11).  

 

Fig. 6.11. Part of the sub-table for Solid waste. 

 

The same process was followed to record in the tables the material flows for the Transportation and storage, 

and Waste collection sectors. Finally, all the material flows were aggregated by the model in the main table, 

which is displayed in Figures 6.12a and 6.12b. Moreover, the indirect flows associated with the imported 

materials were recorded in quadrant 9 of the main table.  

 

 

Fig. 6.12a. Quadrants 1, 6, 7, 8 and 9 of the aggregate main table for all materials. 

 

                                                 
5
 116.1 t = 112.1 t of waste derived from Manufacturing products and 4.1 t of Mining and quarrying products. 
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Fig. 6.12b. Quadrants 2, 3, 4, and 5 of the aggregate main table for all materials. 

 

6.3 Illustration of the material flows 

The aggregate main table for all materials which is displayed provided a concise description of the material 

flows within and across of the boundaries of the urban area under study, in this case the Zenhusen 

neighbourhood. The information for the table supported the creation of the flowchart which is presented in 

Figure 6.13. Moreover, they were used for estimating the CI and CO indicators. Using the equation 4.8 and 

4.9 it was found that both CI and CO equal zero, as all the sectoral material inputs derive from the natural 

environment or the rest of the world and all the material outputs end-up in the natural environment or the 

rest of the world.  

 

 

Fig. 6.13. Material flows (t/a) and stocks (t) within and across the boundaries of the Zenhusen neighbourhood. 

 

This flowchart depicts material flows for a small-scale urban area with only three economic sectors. Thus, 

both the tables and the flowchart are relatively “poor”. In case that the model was applied for a large-scale 

urban system, such as a district or the whole municipality, then both the main tables of the model and the 

respective flowchart, would depict a nexus of material flows between multiple economic sectors operating in 

the urban system. Nevertheless, it should be highlighted that the underlying aim of this case study was to 

demonstrate the functions of the model and not to assess the urban metabolism of a large scale urban 

socioeconomic system. 
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7. Discussion 

The main result of the thesis is the U-PIOT model itself, which can be used for physical accounting of 

material flows in an urban system. Another result was the literature review which on the one hand provided 

an overview of the state of the art in the areas of UM, MFA and IO analysis with PIOTs and on the other hand 

supported the methodological development of the model. The application of the model in the SRS district 

aimed to demonstrate the functions and potentials of the model and provide information that could become 

the basis of a discussion over its strengths and limitations. However, thanks to this preliminary application, a 

first image on the UM of a recently developed urban neighbourhood in SRS was taken.  

The results of the thesis are discussed in the next sections of this chapter. Moreover, a discussion over the 

limitations of the study is provided. 

 

7.1 Findings from the literature review 

In the literature review, it was emphasized the need for studying UM as the rapid urbanization undermines 

sustainable development. The concept of UM was described and moreover its evolution to a framework for 

integrated urban systems analysis was highlighted. A plethora of methods and tools for studying UM was 

identified and an overview of these tools was provided. MFA and IOA based on PIOTs are two methods that 

have been used for accounting of material flows on different scales and hence they were analysed further. 

Through the analysis it was found that both methods have their strengths and limitations, albeit IOA based 

on PIOTs seems more suitable for studying UM, especially when the aim is to describe intersectoral material 

flows within the boundaries of the urban system. Nonetheless, this method was not widely applied as it is 

very data intensive and laborious. Moreover, the PIOTs are structured in order to analyse material flows on 

national scale and as a result their application for studying UM was very limited. Apart from the MFA and 

PIOTs, the top-down and bottom-up approaches for obtaining data were analysed in the literature review 

and it was found that the latter could be considered as more appropriate at urban level as it can provide 

detailed data that could provide a high-resolution analysis of the materials metabolism of an urban system.  

In general, the literature review highlighted that there is no standardized method or tool for accounting of 

material flows in urban systems. The absence of a standardized method may reduce the consolidation and 

reliability of the results of different studies and impede the development of more general conclusions about 

the metabolism of urban systems (Rosado, Niza and Ferrão, 2014). Therefore, a physical accounting model 

for material flows in urban areas was developed in this thesis, aiming to become the basis for the 

development of a unified methodology for physical accounting in the long term. In this context, the findings 

of the literature review provided knowledge and ideas that formed the methodological foundation for the 

development of the physical accounting model.  

As a final remark, it should be noted that difficulties arose during the review of the literature due to 

inconsistencies in terminology. The term MFA is used as an umbrella term for various methods and tools and 

quite often this approach is questionable. For instance, many studies use the term to describe material flow 

accounting. As it has been described in section 3.3 material flow accounting represents a step of the overall 

MFA, thus it should be not termed as MFA. Likewise, many scholars consider IOA based on PIOT as a MFA 

tool. Even though, these two methods are grounded on the principle of mass balance, they are rather 

different methods based on different concepts and principles. Hence, they should probably be treated as 

separate methodologies. This inconsistency in terminology may affect the communicability of the results and 

conclusions of different studies and reduce the potentials for ideas exchanging.  
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7.2 The physical accounting model 

The main outcome of this thesis is the physical accounting model itself. The model can be used for physical 

accounting of material flows across and within the boundaries of urban systems of different scales.  

The basis of the model is a new PIOT framework which was grounded on the methodological foundations of 

existing PIOTs. These PIOTs were structured in order to provide primarily a comprehensive description of 

material flows within a national economic system and moreover to reflect the flows between the system and 

the environment or other economic systems. The PIOT framework introduced in this thesis demonstrates a 

more detailed structure in order to illustrate the flows amongst the different economic sectors of an urban 

system, to depict the flows between the urban system and the environment, and moreover to establish the 

physical relationships of the urban system with different system scales. The more detailed structure makes 

the systems boundaries clearer and, in this way, the urban socioeconomic system is depicted as being 

embedded within the national socioeconomic system, which in turn is embedded in the global socioeconomic 

system and all together are embedded in the natural environment.  

A significant difference between the PIOT framework introduced and the typical 3-quadrant PIOTs, is that 

the household is regarded as another economic sector and not as final demand. Thereby, the inputs and 

outputs of the household can be recorded, and the environmental pressures caused by household 

consumption can be assessed. Another difference with typical PIOTs is that stock changes are not considered 

as an output of an economic activity, but instead is regarded as a storage term within an economic sector. 

This choice aims to highlight that the outputs reflect the flows of materials going out of the economic sector 

(outflows) while stock changes reflect the materials that accumulate within the sector.  

An important feature of the new PIOT scheme is that the origin of the material inputs is taken into account in 

the framework. In this context, the imports of materials are divided according to their origin (intra-national 

or international). Thereby, the dependency of the urban socio-economic system on the national or global 

hinterland can be assessed. Moreover, two rows in the framework were added for recording the intranational 

and international imports of waste respectively. The information from these rows can be used for assessing 

potential pressures on the waste management system of the urban area. Another new feature is that the 

natural inputs are distinguished to natural resource inputs and other natural inputs. Thus, the metabolic 

connections of the urban system with the natural environment can be better understood. It is very important 

also, that life cycle perspective is included in the PIOT framework by including in the 9th quadrant indirect 

flows associated to the imported materials. The indirect flows can show how much pressure on the natural 

environment is caused by the production of the imported materials.  

Another significant feature of the PIOT framework is that the flows or residuals are followed downstream to 

their final destinations. Therefore, in the quadrant indicating the flows from the urban to the national socio-

economic system there are cells dedicated for recording the flows of residuals according to their final 

treatment or disposal option. In the same context, a column was added in the third quadrant to indicate the 

potential exports of waste from the urban system to the global socioeconomic system. This information can 

aid the overall assessment of the waste and wastewater management system in the urban system and reflect 

its potential dependency on waste infrastructure outside its boundaries. Especially, for the waste 

management system this information could indicate whether it is in line with the proximity principle6. 

Similarly, in the quadrant representing the flows to the environment there are cells representing the sub-

systems of the environment (air, water, soil) where the residuals are released. This information can shed light 

on how the urban system impacts on the environment and where exactly it exerts more pressures. 

Nevertheless, a significant limitation of the PIOT framework, and all of the PIOTs schemes to date, is that the 

material flows are described as aggregated physical flows without taking into account their specific 

characteristics. This limitation has partially been  overcome by integrating the PIOT framework into the 

three-dimensional model which is presented in this thesis. The idea of integrating PIOTs in a three-

dimensional model was implemented successfully by Xu and Zhang (2008), though the two scholars based 

                                                 
6
 According to the proximity principle wastes should be disposed as close to the source as possible (EU-Commission, 

2015) 
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their model on the typical 3-quadrant PIOT framework which seems to be more suitable for material flows on 

national or regional scale. In the three-dimensional model presented in this thesis, the aggregate main table 

forms the 2 dimensions, while the series of sub-tables forms the third dimension. Each sub-table represents a 

specific class of materials. The classification of materials was done based on the CPA classification for the 

products and based on the suggested by the UN classification for the physical inputs and the residuals. At 

this stage a rather coarse classification was decided for the products, albeit the decision to classify the 

products based on the CPA classification system gives the opportunity to refine the classification by using the 

more detailed classification levels of this system. This could increase the level of detail in the model but at the 

same time also its complexity. In general, the inclusion of the sub-tables for the underlying material types in 

the model increases the completeness of the whole model and can provide information on the flows of 

specific material types along with the aggregated flows for all materials.   

Based on the U-PIOT model two new indicators were proposed. The CI and CO indicators can be used to 

assess the urban system with a circular economy perspective as they can indicate how much of the material 

inputs of an economic sector derive from the urban system and how much of the material outputs of the 

sector end up in the urban system. These indicators could be used to measure the circularity of the materials 

in the urban system and moreover they could be used to set targets for increased circularity of material.  

Overall, the abovementioned features render the new model as a useful tool that could help to structure 

available data on material flows in urban systems and at the same it could guide the collection of relevant 

data for assessing the materials metabolism in the system. The data are methodically organised in the PIOTs 

of the model and in this way, they can depict intersectoral flows in the urban system and at the same they can 

establish the physical interactions between the urban socioeconomic system and the natural environment or 

other socio-economic systems. Thus, the model can be a valuable tool for environmental monitoring as it can 

link resource use and generated emissions with economic sectors. In this way it can provide insight which 

can support decision making, policy analysis and environmental management at urban level. Moreover, it 

can provide information for assessing the residuals management system of the urban system and for 

identifying opportunities for optimizing resource use.  

 

7.3 Application of the model 

A first application of the U-PIOT model was implemented in the Zenhusen neighbourhood in the SRS 

district. The main aim of the case study was not to provide empirical results but to demonstrate the functions 

of the model and to provide insight that could support the assessment of its strengths and limitations. 

The model was applied for the year 2016. During that year, three economic sectors were identified to operate 

within the system boundary; the Construction sector, the Transportation and storage sector and the Waste 

collection sector. In order to quantify the material flows of these sectors a MFA on the level of goods was 

conducted. Bottom-up data were available for the Construction sector. An inventory of the materials that 

were used during the whole period of construction, from 2015 to 2017, was extracted from the 

Hållbårhetsportalen. However, most of the materials were not measured in mass units, which required their 

conversion through the application of appropriate conversion factors. The selection of these conversion 

factors was based on assumptions which increased the uncertainty and consequently reduced the quality of 

data inputs. Moreover, data on waste outputs in mass units, were also available in the Hållbarhetsportalen. 

Despite the availability of data on material inputs and outputs, there were remaining data gaps on the 

material flows associated with the Construction sector. For instance, it was not possible to find bottom-up 

data on fuels used by the vehicles and machinery. As regards the other two sectors, there was no available 

bottom-up data and hence the material flows for these two sectors could no quantified.  

Based on the quantified material flows of the Construction sector, the indirect flows of imported materials 

were estimated based on the MI coefficients approach. However, the estimation of the indirect flows based 

on MI coefficients is a process which entails significant limitations. There are coefficients only for certain 

materials, therefore assumptions were required for applying the coefficients to similar materials which of 

course increased the uncertainty in the results. Moreover, there are no coefficients for advanced composite 
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materials. In addition, the coefficients have been calculated with Germany or Europe as a geographical 

reference, hence they may not represent adequately the material intensity of materials in Sweden. The 

limitations of the MI coefficient approach have been discussed in the literature and the need for further 

research to develop new coefficients have been highlighted in the studies by OECD (2008a) and Dittrich, 

Bringezu and Schütz (2012). A promising approach to streamline the calculation of MI coefficient could be 

the use of data from Life Cycle Inventories, such as the Ecoinvent database (Saurat and Ritthoff, 2013). 

However, there are conceptual differences between the MI coefficients approach, and the MIPS concept in 

general, and the LCA. The most significant is that unused extraction (e.g. mining overburden) is not 

considered in LCA by contrast to MI coefficients which take into account both used and unused extraction 

(Wiesen, Saurat and Lettenmeier 2014). Thus, further research is also required to reach full compatibility of 

the MIPS concept and LCA databases (Wiesen, Saurat and Lettenmeier, 2014). 

Despite the limitations of the coefficients approach and the fact that indirect flows could be estimated for less 

than half of the material inputs of the Construction sector, it was deemed necessary to include the indirect 

flows in the model as they can offer a life cycle perspective on the magnitude of materials required to 

manufacture a product. The indirect flows were estimated 5,974 t. This amount is 38% higher than the 

amount of direct flows indicating that the total used and unused resource extraction upstream due to the 

production of the imported materials is higher than the actual amount of the materials. This extraction 

volume may cause impacts such as changes in the landscape, translocation of fertile soil or impacts to 

groundwater level (Wiesen, Saurat and Lettenmeier, 2014). Thus, the induced pressures to the environment 

from the production of the imported materials may be significant and should not be neglected.  

Even though the direct material flows or the indirect flows were not quantified completely the main purpose 

of the MFA was adequately accomplished since it provided figures that would allow the demonstration of the 

process for integrating quantitative information into the tables of the U-PIOT model. The mass balance of the 

Construction sector provided figures on the material flows of various heterogeneous material types (see 

Figure 6.4). The integration of these figures into the model required the aggregation of the material flows 

based on the coarse classification that was decided for the model. This aggregation can be considered as one 

of the limitations of the model as detailed information is not included in the PIOTs. This limitation could 

potentially be overcome by adding another spreadsheet with this information, as an appendix, in the U-PIOT 

model. Another option could be to adopt a more detailed classification for the materials, albeit that would 

increase the complexity of the model.  

The process of integrating the quantitative information on material flows into the model was thoroughly 

described in section 6.2. It requires the recording of the figures in the sub-tables of the model. The model 

next aggregates the figures of the sub-tables in the main table. The overall process could be characterised as 

relatively complex, which is another limitation of the model. Nonetheless, probably the most significant 

limitation of the model, that was emphasized by the case study, is that the compilation of its tables requires 

significant amounts of data inputs on system’s flows and stocks. The U-PIOT model is an accounting model 

which does not apply advanced mathematical modelling to overcome data gaps and to quantify the material 

flows based on a limited amount of input data, like static and dynamic MFA models do (Van der Voet, 2002). 

In the U-PIOT model data gaps can partially be alleviated through the application of the mass balance 

principle, but in general this approach cannot address significant data gaps. In the case study, the 

compilation of the tables with bottom-up data required a laborious data collection and analysis process. 

However, significant data gaps could not be overcome, and certain material flows could not be quantified. 

These difficulties in data collection and the unresolved data gaps highlighted the importance of systematic 

data collection and management at the municipal level.  

The final outcome of the model was the aggregate main table which provided a description of the material 

flows within and across the boundaries in the Zenhusen neighbourhood. Moreover, it included information 

on the accumulation of materials in the Construction sector, as well as information on the indirect flows that 

are associated to the imported materials in the Construction sector. The information from the table was the 

basis for the creation of a flowchart which illustrated the materials flows within and across the system 

boundaries. Moreover, the two indicators that were introduced in this thesis could be calculated. Both CI and 
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CO were estimated 0, indicating that there was no circulation of materials within the neighbourhood during 

2016 or that potential circulation of materials was not captured by the existing data.   

A final remark is that the physical interactions between the three sectors operating in Zenhusen 

neighbourhood could not be illustrated. The reason is that the materials that flow through the Transportation 

and storage sector to the Construction sector are not recorded as inputs and outputs of the Transportation 

and storage sector in the PIOT, according to the accounting practices that were adopted for the model (see 

Section 5.2 for details). Likewise, the flows of waste from the Construction sector to its final treatment 

through the Waste collection sector, are not accounted for in the latter. Nonetheless, the U-PIOT model has 

the potentials to depict flows amongst the different sectors and in case that it would be applied in large-scale 

urban system with more economic sectors, it would provide a nexus of intersectoral flows. 

 

7.4 Limitations of the study 

Even though the quantification of all the material flows within and across the boundaries of the SRS district 

was not included in the scope of the thesis, a potential quantification of these flows would allow a more 

thorough demonstration of the model and would provide further insight on its strengths and limitations. 

However, bottom-up data were not available for the whole district. Even when the model was applied to a 

neighbourhood of the district, data were not available for the all the sectors operating in the district. Bottom-

up data were found only for the construction sector, though there were also data gaps for this sector. Thus, 

the quantification of the material flows was done only partially in order to permit the demonstration of the 

functions of the model at a preliminary level. A potential source of bottom data for the Construction sector 

operating in the whole district could be the database of BLC. However, the data would not become available 

before the completion of the thesis. Thus, it is clear that the unavailability of data was the main limitation of 

the case study. Another significant limitation was time constraints, since the application of the model is a 

laborious process which requires significant efforts for data collection and analysis.  

As regards the model, its scope is delimited for the moment to include only material flows and not energy 

flows. The inclusion of energy flows would allow the model to evolve in an integrated physical resource 

accounting model. This would be a useful next step. 

Finally, the adoption of the MI coefficients approach for the estimation of the indirect flows entailed 

significant limitations which are explained thoroughly in subsection 6.1.5. 
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8. Conclusions and recommendations 

Based on the findings of the literature review, it can be concluded that there is a plethora of methodologies 

and tools that can be used for the study of UM. Nevertheless, there is no standardized method for accounting 

of material flows in urban systems. Another conclusion based on the literature review is that there is 

inconsistency in the terminology used in the study of UM. Thus, the Industrial Ecology community should 

address this issue by adopting a unified terminology.  

To address the absence of a standardised method for materials flow accounting in urban system, this thesis 

introduced a physical accounting model for monitoring material flows which could potentially become in the 

long term the basis of a unified methodology for assessing the UM of urban systems. The model is based on a 

comprehensive PIOT framework. The PIOT framework exhibits new features aiming like this to overcome the 

limitations of existing PIOTs. The whole model consists of a set of identical PIOTs. Each sub-table is 

dedicated for recording of material flows of a specific type, while the main table aggregates the material flows 

for all materials from the sub-tables.  

The functions of the model were explored through a case study. The model was applied to a newly developed 

neighbourhood in the SRS district. The application of the model provided insight that allowed the 

assessment of the strengths and limitations of the model, which are summarized below.   

The strengths of the model are: 

 It can describe the physical interactions between the urban socioeconomic system and natural 

environment, as well as between the urban socioeconomic and the national or global socioeconomic 

systems. 

 It can open the black box of an urban socioeconomic system and describe the intersectoral flows 

within the system. 

 It can provide insight on the origin of the material inputs and on the destination of the material 

outputs.  

 It provides a clear demarcation of the system boundaries. 

 It adopts a life cycle perspective by taking into account the indirect flows which are associated with 

the imported materials. 

 It can be used to structure available data on material flows in a methodical way. 

 It classifies the economic sectors based on the NACE classification which is established and 

recognised classification system within the EU. 

 It classifies the products based on the CPA classification which is established and recognised 

classification system within the EU and moreover is consistent with NACE. 

 

The limitations of the model are: 

 The data requirements for the compilation of the tables of the model are significant. 

 The compilation of the tables of the model is a complex process.  

 The specific characteristics of the materials are not reflected in the figures of the main table since the 

main table aggregates the flows of different material types in one single figure per cell. 

 The classification of materials requires the aggregation of heterogenous materials in a few classes, 

thus it results in loss of information.  

 The estimation of the indirect flows requires the application of MI coefficients which are not 

available for all material types and moreover they have been calculated with Germany or Europe as 

geographical reference. 
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The first three limitations are inherent to the model. The first is inherent to the model as the U-PIOT model 

is an accounting model which requires data inputs for most of the system’s material flows and stocks. In 

certain cases, data gaps can be overcome through the application of the mass balance principle. However, 

extensive data gaps cannot be addressed by an accounting model, by contrast to static or dynamic MFA 

models that apply advanced mathematical modelling to overcome data gaps and quantify material flows and 

stocks with limited amounts of data inputs. The second limitation, namely the complexity in the compilation 

of the tables of the model, is inherent to the model as well, since compiling the tables is a challenging process 

which may confuse the user. As regards the third limitation, the aggregation of different material flows in the 

main table is an intrinsic characteristic of the model which is necessary for providing an overall picture of the 

material flows throughout the system. The specific characteristics of the materials cannot be reflected in the 

main table and this limitation can partially be alleviated through integrated reading of the main table 

together with the sub-tables.  

The fourth limitation of the model, namely the aggregation of heterogenous materials in a few classes, is 

necessary for compiling the tables, albeit it results in loss of information. Nonetheless, a more detailed 

classification of the materials can mitigate this limitation, though it will at the same time increase the 

complexity of the model significantly. The final limitation is not inherent to the model but is inherent to the 

coefficient approach which is used for estimating the indirect flows that are included in the model. The 

estimation of indirect flows for all material flows is generally not possible because of the absence of MI 

coefficients for every type of material. This limitation can be overcome through further research for 

developing more coefficients. Moreover, the MI coefficients have been calculated with Germany or Europe as 

geographical reference. Thus, they may not represent accurately the material intensity of products in 

Sweden. Therefore, further research for adapting these coefficients to the Swedish context is recommended.  

In general, the model exhibits significant strengths but at the same time its limitations may impede its 

adoption for monitoring material flows at the urban level. Its main limitation is that the model requires 

significant amounts of data inputs for the system’s flows and stocks in order to provide a thorough 

description of the material flows across and within the boundaries of the urban system. Especially, the 

compilation of the tables of the model with bottom-up data requires efficient data collection and 

management systems within the municipalities. Such systems are usually absent in most of municipalities, 

including the City of Stockholm. Thus, the development of integrated databases on municipal level where 

bottom-up data on material flows along with other environmental data could be recorded, is recommended. 

For instance, the BLC in SRS has been recording data on the mass of material inputs and outputs for the 

whole SRS. This data could become available through a database in order to facilitate the assessment of the 

UM of the SRS. Moreover, collaboration between stakeholders within local authorities is recommended in 

order to facilitate the dissemination of data and information. In case that the availability of bottom-up data is 

not improved, then the combination of top-down and bottom-up data is recommended for compiling the 

tables of the model. 

Despite the limitations, mainly due to data unavailability, the model still can provide insight on UM of urban 

systems. As the case study demonstrated, the application of the model in an urban neighbourhood in the SRS 

can depict, even in a qualitative way, the physical interactions between the sectors operating in the area and 

the environment or other socio-economic systems. Thereby, the function of the urban system can better be 

understood and the metabolic actors in the system, in terms of material flows, can be identified. Therefore, 

the model can be combined with other tools for the identification and analysis of potential drivers of 

environmental pressures both upstream and downstream of the system. In this way, a comprehensive 

assessment of the environmental situation at the urban level can be performed, which can support 

environmental management and planning. In addition, the model has the potential to open the black box and 

analyse the nexus of intersectoral material flows in urban systems of various scales. In this way, it can shed 

light on which socioeconomic factors determine resource consumption and on how sustainable resource 

management is in these systems. In general, it could be deduced that the potentials of the model are 

significant, and the more data inputs become available the more insight on the sustainability of urban 

systems can be extracted through its application.  
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To summarize, further work could be directed on ameliorating the limitations of the model. To overcome the 

limitation of data availability further research on how municipalities could optimize their processes for data 

collection and management is required. In addition, work on improving collaboration between different local 

actors is necessary. Furthermore, the potentials to adopt a more detailed classification for the materials 

should be evaluated since it could enhance the thoroughness of the model significantly. As regards the 

limitation of the coefficients approach, the development of new coefficients is considered as an issue of high 

importance, both for the model and for the Sustainability Science overall, since the estimation of indirect 

flows can provide valuable information on the upstream pressures to the environment that are caused by the 

production of materials. Research on how existing Life Cycle Inventories could be used for the estimation of 

these coefficients is ongoing and should be intensified. Moreover, further research is necessary in order to 

evaluate how the model could evolve to a physical resource (materials and energy) accounting model for 

urban systems. In this context, the potentials to expand the scope of the model in order to include energy 

flows or to develop a parallel model for energy flows should be studied.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
61 

References 

Albelwin, N., Kwan, A. and Rezgui, Y., 2017. Using Material and Energy Flow Analysis to Estimate Future 
Energy Demand at the City Level. Energy Procedia, 115, pp.440-450 

Allesch A. and Brunner, P.H., 2015. Material Flow Analysis as a  Decision Support Tool for Waste 
Management – A Literature Review. Journal of Industrial Ecology, 5, pp.753-764. 

Altimiras-Martin, A., 2014. Analysing the Structure of the Economy Using Physical Input-Output tables. 
Economic Systems Research. 26(4), pp.463-485. 

Arnel, L., 2018. Interview regarding the operation of BLC in SRS. Personal communication, 03 April 2018.  

Asian Development Bank, 2014. Urban Metabolism of Six Asian Cities. Mandaluyong City, Philippines: 
Asian Development Bank. 

Baccini, P. and Brunner, P.H., 2012. Metabolism of the Anthroposphere – Analysis, Evaluation, Design. 2nd 
ed. Cambridge: The MIT Press 

Bai, X.M., 2007. Industrial ecology and the global impacts of cities. Journal of Industrial Ecology. 11(2), 
pp.1-6. 

Bailey, R., 2009. Ecological Input-Output Analysis of Material Flows in Industrial Systems. In: Handbook of 
Input-Output Economics in Industrial Ecology, edited by Suh, S., New York: Springer. 

Barles, S., 2009. Urban Metabolism of Paris and Its Region. Journal of Industrial Ecology, 13, pp.898-913. 

Bellstedt, C., 2015. Material Flow Analysis for a Circular Economy Development – A Material Stock 
Quantification Method of Urban Civil Infrastructures with a Case Study of PVC in an Amsterdam 
Neighbourhood. Master of Science Thesis. Leiden University and Delft University of Technology. 

Beloin-Saint-Pierre, D. et al., 2017. A review of urban metabolism studies to identify key methodological 
choices for future harmonization and implementation. Journal of Cleaner Production, 163, pp.223-240. 

Binder, C.R. and Mosler, H.J., 2007. Waste-resource flows of short-lived goods in households of Santiago de 
Cuba. Resources, Conservation and Recycling, 51, pp.265-283. 

Bösch, M., Jochem, D., Weimar, H. and Dieter, M., 2015. Physical input-output accounting of the wood and 
paper flow in Germany. Resources, Conservation and Recycling, 94, pp.99-109. 

Bringezu, S. and Moriguchi, Y., 2002. Material flow analysis. In: A handbook of industrial ecology, edited by 
R. U. Ayres and L. W. Ayres. Cheltenham, UK: Edward Elgar 

Bruner, P.H. and Ma, H.W., 2009. Substance Flow Analysis – An Indispensable Tool for Goal-Oriented 
Waste Management. Journal of Industrial Ecology, 13(1), pp.11-14 

Brunner, P.H and Rechberger, H., 2017. Handbook of Material Flow Analysis – For Environmental, 
Resource, and Waste Engineers 2nd Ed. New York: CRC Press. 

Browne D., O’ Regan, B. and Moles, R., 2009. Assessment of total urban metabolism and metabolic 
inefficiency in an Irish city-region. Waste Management, 29, pp.2765-2771. 

Browne D., O’ Regan, B. and Moles, R., 2011. Material flow accounting in an Irish city-region 1992-2002. 
Journal of Cleaner Production, 19, pp.967-976 

Buchner, H., Laner, D., Rechberger, H., and Fellner, J., 2015. Dynamic Material Flow Modeling: An Effort to 
Calibrate and Validate Aluminum Stocks and Flows in Austria. Environ. Sci. Technol, 49, pp.5546-5554. 

Burström, F., Brandt, N., Frostell, B. and Mohlander, U., 1997. Material Flow Accounting and Information 
for Environmental Policies in the City of Stockholm - Analysis for Action: Support for Policy towards 



 
62 

Sustainability by Material Flow Accounting, Proceedings from the Conaccount Conference, Wuppertal, 
Germany. 

Burstöm, F., 1999. Materials Accounting and Environmental Management in Municipalities. Journal of 
Environmental Assessment Policy and Management. 1(3), pp.297-327. 

Bygglogistikcenter, 2018. General Info about BLC. [Online] Available at: 
<http://www.ndslogistik.se/en/services/general> [Accessed 22 April 2018] 

Byggvarubedömningen, 2018. Byggvarubedömningen gör det enklare att bygga hållbart. [Online] 
Available at: <https://www.byggvarubedomningen.se> [Accessed 12 March 2018] 

Chen, G.Q., Guo, S., Shao, L., Li, J.S. and Chen, Z., 2013. Three-scale inut-output modelling for urban 
economy: Carbon emission by Beijing 2007. Commun Nonlinear Sci Numer Simulat, 18, pp.2493-2506.  

Chen, S. and Chen, B., 2015. Urban energy consumption: Different insights from energy flow analysis, input-
output analysis and ecological network analysis. Applied Energy, 138, pp.99-107. 

Chen, P. et al., 2017. An information system for sustainable materials management with material flow 
accounting and waste input-output analysis. Sustainable Environment Research, 27, pp.135-145. 

Chrysoulakis, N. et al., 2013. Sustainable urban metabolism as a link between bio-physical sciences and 
urban planning: The BRIDGE project. 112, pp.100-117. 

Chrysoulakis, N., 2014. The Bridge Approach. In: Understanding Urban Metabolism-A tool for urban 
planning, edited by N. Chrysoulakis, E.A. de Castro and E.J. Moors. London: Routledge. 

Cohen, J. E., 2003. Human population: The next half century. Science. 302 (5648), pp.1172-1175. 

Condeixa, K., 2016. Material Flow Analysis and Environmental Impact Assessment of the Construction 
Sector in Brazil. PhD Thesis, Universitat Rovira I Virgili, Taragona, Spain and Universidade Federal 
Fluminense, Brazil 

Conke, Leonardo S, and Taina L Ferreira. 2015. Urban Metabolism: Measuring the City’s Contribution to 
Sustainable Development. Environmental Pollution, 202, pp.146–152. 

Daniels, P.L. and Moore, S., 2002. Approaches for Quantifying the Metabolism of Physical Economies. 
Journal of Industrial Ecology, 5(4), pp.69-93. 

De Marco, O., Lagioia, G., Amicarelli, V. and Sgaramella, A., 2009. Constructing Physical Input-Output 
Tables with Material Flow Analysis (MFA) Data: Bottom-Up Case Studies. In: Handbook of Input-Output 
Economics in Industrial Ecology, edited by Suh, S., New York: Springer. 

Dietzenbacher E., Giljum, S., Hubacek, K. and Suh, S., 2009. Physical Input-Output Analysis and Disposals 
to Nature. In: Handbook of Input-Output Economics in Industrial Ecology, edited by Suh, S., New York: 
Springer. 

Dittrich, M., Bringezu, S. and Schütz, H., 2012. The physical dimension of international trade, part 2: 
Indirect global resource flows between 1962 and 2005. Ecological Economics, 79, pp.32-43.  

Duvigneaud, P. and Denayeyer-De Smet, S., 1977. L’Ecosystéme Urbain Bruxellois. In: Productivité en 
Belgique. Duvigneaud, P., Kestemont, P. (Eds.), Traveaux de la Section Belge du Programme Biologique 
International, Bruxelles, pp. 581-597  

EEA, 2015. Urban sustainability issues – What is a resource-efficient city?. Luxemburg: Publications Office 
of the European Union. 

EEA, 2016. More from less – material resource efficiency in Europe – 2015 overview of policies, 
instruments and targets in 32 countries. Luxemburg: Publication Office of the European Union. 



 
63 

Ellen McArthur Foundation, 2017. Circular Economy Overview. [Online] Available at: 
<https://www.ellenmacarthurfoundation.org/circular-economy/overview/concept> [Accessed 14 May 2018] 

EU-Commission, 2015. Handbook on the Implementation of EC Environmental Legislation – Section 4 
Waste Management Legislation. [Available online]: 
<http://ec.europa.eu/environment/archives/enlarg/handbook/waste.pdf> [Accessed 12 May 2018] 

Eurostat. 2001. Economy-wide material flow accounts and derived indicators: A methodological guide. 
Luxembourg: Eurostat, European Commission, Office for Official Publications of the European 
Communities. 

Eurostat, 2008a. NACE Rev.2 – Statistical classification of economic activities in the European Community. 
Methodologies and Working papers. Luxembourg: Office for Official Publications of the European 
Communities. 

Eurostat, 2008b. CPA 2008 Introductory Guidelines. [pdf] Eurostat. Available at: 
<http://ec.europa.eu/eurostat/documents/1995700/1995914/CPA2008introductoryguidelinesEN.pdf/df1e8
d19-1156-4a1c-b384-4f95a12515e5> [Accessed 14 Apr 2018] 

Eurostat, 2008c. Glossary: Statistical classification of products by activity (CPA). [Online] Available at: 
<http://ec.europa.eu/eurostat/statistics-
explained/index.php/Glossary:Statistical_classification_of_products_by_activity_(CPA)> [Accessed 14 Apr 
2018] 

Eurostat, 2013. Economy-wide Material Flow Accounts (EW-MFA) – Compilation Guide 2013. [pdf] 
Eurostat. Available at: <http://ec.europa.eu/eurostat/documents/1798247/6191533/2013-EW-MFA-Guide-
10Sep2013.pdf/54087dfb-1fb0-40f2-b1e4-64ed22ae3f4c> [Accessed 20 Feb 2018] 

Eurostat, 2016. Urban Europe – statistics on cities, towns and suburbs – executive summary [Online] 
Available at: <http://ec.europa.eu/eurostat/statistics-explained/index.php/Urban_Europe_-
_statistics_on_cities,_towns_and_suburbs_-_executive_summary> [Accessed 16 Feb 2018] 

Fortum, 2017. Värtaverket CHP plant [Online] Available at: <https://www3.fortum.com/about-us/our-
company/our-energy-production/our-power-plants/vartaverket-chp-plant> [Accessed 22 Mar 2018] 

Fischer-Kowalski, M. et al., 2011. Methodology and Indicators of Economy-wide Material Flow Accounting – 
State of the Art and Reliability Across Sources. Journal of Industrial Ecology, 15(6), pp.855-876 

Finnveden G. and Moberg Å., 2005. Environmental systems analysis tools an overview. Journal of Cleaner 
Production, 13(12), pp.1165-1173. 

Gierlinger, S. and F. Krausmann. 2012. The physical economy of the United States of America. Journal of 
Industrial Ecology, 16(3), pp.365-377. 

Giljum, S. and K. Hubacek, 2004. Approaches of physical input–output analysis to estimate primary material 
inputs of production and consumption, Economic Systems Research, 16(3), 301-310. 

Giljum, S. and Hubacek, K., 2009. In: Handbook of Input-Output Economics in Industrial Ecology, edited 
by S. Suh. Dordrecht: Springer. 

Goldstein B., Bikrved, M., Quitzau, M.B. and Hauschild, M., 2013. Quantification of urban metabolism 
through coupling with the life cycle assessment framework: concept development and case study. 
Environmental Research Letters, 8 (3), 035024. 

Gravgård-Pedersen, O. (1999). Physical Input–Output Tables for Denmark. Products and Materials 1990, 
Air Emissions 1990–92, Statistics Denmark, ISBN 87–501–1076–4, Kopenhagen 

Gravgård-Pedersen, O. and de Haan, M., 2009. SEEA-2003 and the Economic Relevance of Physical Flow 
Accounting at Industry and National Economy Level. In: Handbook of Input-Output Economics in 
Industrial Ecology, edited by Suh, S., New York: Springer. 

http://ec.europa.eu/eurostat/statistics-explained/index.php/Urban_Europe_-_statistics_on_cities,_towns_and_suburbs_-_executive_summary
http://ec.europa.eu/eurostat/statistics-explained/index.php/Urban_Europe_-_statistics_on_cities,_towns_and_suburbs_-_executive_summary


 
64 

Hashimoto, S., Tanikawa, H. and Moriguchi, Y., 2007. Where will large amounts of materials accumulated 
within the economy go? – A material flow analysis of construction minerals for Japan. Waste Management, 
27, pp.1725-1738 

Hanya, T. and Ambe, Y., 1976. A study on the metabolism of cities. In: Science for a Better Environment. 
HSEC, Science Council of Japan, pp. 228e233.  

Hedbrant, J., 2001. Stockhome: a spreadsheet model of urban heavy metal metabolism. Water, Air, Soil 
Pollution: Focus, 1 (3−4), pp.55−66 

Hoekstra, R., 2010. Physical input-output tables: Developments and future. Paper prepared for the 18th 
International Input-Output Conference, June 20-25th, Sydney, Australia. 

Hoekstra, R., Delahaye, R., van den Tillaart, J. and Dingena, G., 2015. Expanding the Material Flow Monitor 
– A feasibility study on the concepts and data needed to create an integrated measurement system for the 
circular economy, bio-based economy, eco-taxation and other resource issues. Hague: Statistics 
Netherlands. 

Hong, G. et al., 2011. Energy flow analysis in pulp and paper industry. Energy, 36, pp.3063-3068. 

Huang, S. and Hsu, W., 2003. Materials flow analysis and emergy evaluation of Taipei’s urban construction. 
Landscape and Urban Planning, 63, pp.61-74. 

Huang, S.L.; Chen, C.W., 2009. Urbanization and socioeconomic metabolism in Taipei: an emergy synthesis. 
J. Ind. Ecol., 13 (1), pp.75−93. 

Hubacek, K., and Giljum, S., 2003. Applying physical input-output analysis to estimate land appropriation 
(ecological footprints) of international trade activities. Ecological Economics, 44(1), 137–151. 

Hunt, D., Leach, J., Lee, S., Bouch, C., Braithwaite, P. and Rogers, C. Material Flow Analysis (MFA) for 
Liveable Cities. In Proceedings of the 4th World Sustain. Forum, 1–30 
November 2014, Sciforum Electronic Conference Series, Vol. 4, 2018 

Kalmykova, Y. and Rosado, L., 2015. Urban Metabolism as Framework for Circular Economy Design for 
Cities. Proceedings of the World Resources Forum, 2015 

Kellett, R. et al., 2015. A systems approach to carbon cycling and emissions modelling at an urban 
neighbourhood scale. Landscape and Urban Planning, 110, pp.48-58. 

Kennedy, C., Cuddihy, J., and Engel-Yan, J. 2007. The changing metabolism of cities. Journal of Industrial 
Ecology. 11, pp.43-59. 

Kennedy, C., Pincetl, S. and Bunje, P., 2011. The study of urban metabolism and its applications to urban 
planning and design. Environmental Pollution, 159, pp.1965-1973. 

Konijn, P.J.A., S. de Boer and J. van Dalen, 1997. Input–output analysis of material flows with application to 
iron, steel and zinc. Structural Change and Economic Dynamics, 8, pp.129-153. 

Krausmann, F. and Haberl, H., 2002. The process of industrialization from the perspective of energetic 
metabolism – Socioeconomic energy flows in Austria 1830-1995. Ecological Economics, 41, pp.177-201. 

Larsson, H., 2018. Data on Zenhusen project. Personal communication, 19 March 2018.  

Lavers, A., Kalmykova, Y., Rosado, L., Oliveira, F. and Laurenti, R., 2017. Selecting representative products 
for quantifying environmental impacts of consumption in urban areas. Journal of Cleaner Production, 62, 
pp.34-44. 

Lei, K., Liu, L., Hu, D. and Lou, I., 2016. Mass, energy, and emergy analysis of the metabolism of Macao. 
Journal of Cleaner Production, 114, pp.160-170. 



 
65 

Leray, L., Sahakia, M. and Erkman, S., 2016. Understanding household food metabolism: relating micro-level 
material flow analysis to consumption practices. Journal of Cleaner Production, 125, pp.44-55. 

Leontief, W. 1970. Environmental repercussions and the economic structure: An input-output approach. 
Review of Economics and Statistics, 52, pp.262–271. 

Liang, S. and Zhang, T., 2012. Comparing urban solid waste recycling from the viewpoint of urban 
metabolism based on physical input-output model: A case of Suzhou in China. Waste Management, 32, 
pp.220-225. 

Li, B., Boiarkina, I., Young B. and Yu, W., 2015. Substance flow analysis of phosphorus within New Zealand 
and comparison with other countries. Science of the Total Environment, 527–528, pp.483–492 

Li, S., Zhang, Y., Yang, Z., Hong, L. and Zhang, J., 2012. Ecological relationship analysis of the urban 
metabolic system of Beijing, China. Environmental Pollution, 170, pp.169-176. 

Lundesjo, G., 2011. Using Construction Consolidation Centres to reduce construction waste and carbon 
emissions. [pdf] Available at: <http://www.wrap.org.uk/sites/files/wrap/CCC%20combined.pdf> [Accessed 
12 March 2018] 

Mäenpää, I., 2002. Physical input-output tables of Finland 1995 – solutions to some basic methodological 
problems. Paper presented at the Fourteenth International Conference on Input-Output Techniques, 
Montreal. 

Moore, J., Kissinger, M. and Rees, W.E., 2013. An urban metabolism and ecological footprint assessment of 
Metro Vancouver. Journal of Environmental Management, 124, pp.51-61. 

Musango, J.K., Currie, P. and Robinson, B., 2017. Urban Metabolism For Resource-Efficient Cities: From 
Theory to Implementation. Paris: UN Environment. 

Nakamura, S. and Kondo, Y., 2009. Waste Input-Output Analysis – Concepts and Application to Industrial 
Ecology. New York: Springer. 

Nebbia, G. (2000). Contabilita monetaria e conatibilita ambientale. Estratto da “Economia pubblica”, 6–
2000 

Newcombe, K., Kalma, J. and Aston, A., 1978. The metabolism of a city: the case of Hong Kong. Ambio, 7 (1), 
3−15. 

Niza, S., Rosado, L., and Ferrão, P., 2009. Urban Metabolism: Methodological Advances in Urban Material 
Flow Accounting Based on the Lisbon Case Study. Journal of Industrial Ecology, 13(3), pp.384–405.  

Newman, P.W.G., 1999. Sustainability and cities: extending the metabolism model. Land Use and Urban 
Planning, 44, pp.219-226. 

Odum, H. T. (1983). Systems ecology; an introduction. New York: Wiley. 

OECD, 2008a. Measuring Material Flows and Resource Productivity – Volume I - The OECD Guide. Paris: 
OECD. 

OECD, 2008b. Measuring Material Flows and Resource Productivity – Volume II - The Accounting 
Framework. Paris: OECD. 

Patrício, J., Kalmykova, Y., Rosado, L., and Lisovskaja, V., 2015. Uncertainty in Material Flow Analysis 
Indicators at Different Spatial Levels. Journal of Industrial Ecology, 19(5), pp.837-852. 

Piña, W.H.A. and Martinez, C.I, 2014. Urban material flow analysis: An approach for Bogota, Colombia. 
Ecological Indicators, 42, pp.32-42  



 
66 

Pincetl, S., Bunje, P. and Holmes, T., 2012. An Expanded Urban Metabolism Method: Toward a Systems 
Approach for Assessing Urban Energy Processes and Causes. Landscape and Urban Planning, 107(3), 
pp.193-202. 

Ravalde, T. and Keirstead, J., 2016. A Database to Facilitate a Process-Oriented Approach to Urban 
Metabolism. Journal of Industrial Ecology, 21(2), pp.282-293. 

Ranhagen, U. and Frostell, B., 2014. Eco-cycle model 2.0 for Stockholm Royal Seaport City District – 
Feasibility study. City of Stockholm and KTH School of Architecture and the Built Environment. 

Residence, 2018. Arkitektritade Stadsradhus i tre våningar – Mitt på Djurgpården. [Online] Available at: 
<https://www.residencemagazine.se/arkitektritade-stadsradhus-i-tre-vaningar-mitt-pa-djurgarden/> 
[Accessed 20 April 2018] 

Ritthoff, M., Holger, and Liedtke, C., 2002. Calculating MIPS: Resource productivity of products and 
services, Wuppertal Spezial, No. 27e, ISBN 3929944561, Wuppertal Institut für Klima, Umwelt, Energie, 
Wuppertal, 

Rosado, L. Niza, S. and Ferrão, P., 2014. A Material Flow Accounting Case Study of the Lisbon Metropolitan 
Area using the Urban Metabolism Analyst Model. Journal of Industrial Ecology, 18, pp.84-101. 

Rosado, L., Kalmykova, Y and Patrício, J., 2016. Urban metabolism profiles. An empirical analysis of the 
material flow characteristics of three metropolitan areas in Sweden. Journal of Cleaner Production, 126, 
pp.206-217.  

Roy M., Curry. R.  and Ellis G., 2015. Spatial allocation of material flow analysis in residential developments: 
a case study of Kildare County, Ireland, Journal of Environmental Planning and Management, 58(10), 
pp.1749-1769. 

Ruuska, A. and Häkkinen, T., 2014. Material Efficiency of Building Construction. Buildings, 4, pp.266-294. 

Saurat, M. and Ritthoff, M., 2013. Calculating MIPS. Resources, 2, pp.581-607. 

SCB, 2018a. Swedish Standard Industrial Classification (SNI) [Online] Available at: 
<https://www.scb.se/en/documentation/classifications-and-standards/swedish-standard-industrial-
classification-sni/> [Accessed 14 Apr 2018] 

SCB, 2018b. Standard for Swedish Product Classification by Industry (SPIN) [Online] Available at: 
<https://www.scb.se/dokumentation/klassifikationer-och-standarder/standard-for-svensk-
produktindelning-efter-naringsgren-spin/> [Accessed 14 Apr 2018] 

Schaffartzik, A, Eisenmenger, A., Krausmann, F. and Weisz, H., 2013. Consumption-based Material Flow 
Accounting – Austrian Trade and Consumption in Raw Material Equivalents 1995-2007. Journal of 
Industrial Ecology, 18(1), pp.102-112. 

Schandl, H. and J.West. 2012. Material flows and material productivity in China, Australia, and Japan. 
Journal of Industrial Ecology, 16(3), pp.352-364. 

Shahrokni H., Lazarevic D. and Brandt N., 2015. Smart Urban Metabolism: Towards a Real-Time 
Understanding of the Energy and Material Flows of a City and Its Citizens. Journal of Urban Technology, 
22(1), pp.65-86 

Shahrokni, H, Årman, L., Lazarevic, D., Nilsson, A. and Brandt, N., 2015. Implementing Smart Urban 
Metabolism in the Stockholm Royal Seaport – Smart City SRS. Journal of Industrial Ecology, 19(5), pp.917-
929 

Singh, S., Compton, J.E., Hawkins, T.R., Sobota, D.J. and Cooter, E.J., 2017. A Nitrogen Physical Input-
Output Table (PIOT) model for Illinois. Ecological Modelling, 360, pp.194-203. 



 
67 

Silva, D.A.L, de Oliveira, J.A., Saavedra, Y.M.B, Ometto, A.R., i Pons, J.R, and Durany, X.G., Combined MFA 
and LCA approach to evaluate the metabolism of service polygons: A case study on a university campus. 
Resources, Conservation and Recycling, 94, pp.157-168 

Sinha R. and Sundberg, C., n.d. Urban metabolism – Introduction and State of the Art. Report for the 
Reflow project. 

Silva, D.A.L et al., 2014. Combined MFA and LCA approach to evaluate the metabolism of service polygons: A 
case study on a university campus. Resources, Conservation and Recycling, 94, pp.157-168. 

Strassert, G., 2002. Physical input-output accounting. In: A handbook of industrial ecology, edited by R. U. 
Ayres and L. W. Ayres. Cheltenham, UK: Edward Elgar 

Stahmer, C., Kuhn, M., & Braun, N. (1997). Physische Input-Output-Tabellen 1990. Wiesbaden, Germany: 
Statistisches Bundesamt. 

Stockholms Stad, 2016. Stockholm Royal Seaport Sustainability Report 2016. [pdf] Available at: 
<http://www.stockholmroyalseaport.com/> [Accessed 10 Mar 2018] 

Stockholms Stad, 2018a. Stockholm växer – Stockholm Royal Seaport. [Online] Available at: 
<http://www.stockholmroyalseaport.com/> [Accessed 12 Mar 2018] 

Stockholms Stad, 2018b. Sustainable Urban Development Programme. [Online] Available at: 
<http://www.stockholmroyalseaport.com/> [Accessed 12 Mar 2018] 

Stockholms Stad, 2018c. Hållbarhetsportalen. [Online] Available at: 
<http://fw.hallbarhetsportalen.se/kundreferens/stockholm-stad/> [Accessed 24 Apr 2018] 

SymbioCity, n.d. Sustainable living on the waterfront. [Online] Available at: 
<https://www.symbiocity.org/en/approach/Cases-undersidor/Stockholm-Royal-Seaport-eco-living-on-the-
waterfront/> [Accessed 12 Mar 2018] 

Tanikawa, H., Hashimoto, S., and Moriguchi, Y., 2002. Estimation of Material Stock in Urban Civil 
Infrastructures and Buildings for the Prediction of Waste Generation. In: Proceedings of the Fifth 
International Conference on Ecobalance, 6–8 November 2002 (pp. 1–4). Tsukuba, Japan. 

Tanikawa, H. and Hashimoto, S. 2009. Urban stock over time: spatial material stock analysis using 4d-GIS. 
Building Research and Information. 37, pp.483-502. 

Tanikawa, H., Fishman, T., Okuoka, K., and Sugimoto, K., 2015. The Weight of Society Over Time and Space 
- A Comprehensive Account of the Construction Material Stock of Japan, 1945-2010. Journal of Industrial 
Ecology, 19, pp.778-791. 

Tanimoto, A.H., Durany, X.G., Villalba, G. and Pires, A.C., 2010. Material flow accounting of the copper cycle 
in Brazil. Resources, Conservation and Recycling, 55, pp.20-28. 

Tukker, A., Huppes, G., Oers, L. van, Heijungs, R., 2006. Technical Report Series: Environmentally 
extended input-output tables and models for Europe. Institute for Prospective Technological Studies, 
European Commission, Directorate-General Joint Research Centre 

Turan, I. and Fernández, J..E., 2015. Material Across Scales: Combining Material Flow Analysis and Life 
Cycle Assessmnet to Promote Efficiency in a Neighbourhood Building Stock. Proceedings of BS2015:14th 
Conference of International Building Performance Simulation Association, Hyderabad, India, Dec. 7-9, 
2015. 

UN, 2009. System of National Accounts 2008. New York: United Nations. 

UN, 2014. System of Environmental-Economic Accounting 2012 – Central Framework. [pdf] UN. Available 
at: <https://unstats.un.org/unsd/envaccounting/seearev/seea_cf_final_en.pdf> [Accessed 8 Mar 2018] 



 
68 

Xu, Y. and Zhang, T., 2008. Regional metabolism analysis model based on three dimensional PIOT and its 
preliminary application. International Input Output Meeting on Managing the Environment. Seville, Spain, 
July 9-11, 2008. 

Van der Voet, E., 2002. Substance flow analysis methodology. In: A handbook of industrial ecology, edited 
by R. U. Ayres and L. W. Ayres. Cheltenham, UK: Edward Elgar 

Vyzinkarova, D. and Brunner, P.H., 2013. Substance Flow Analysis of Wastes Containing Polybrominated 
Diphenyl Ethers-The Need for More Information and for Final Sinks. Journal of Industrial Ecology, 17(6), 
pp.900-911 

Weiss, M., Neelis, M.L., Zuidberg, M.C. and Patel, M.K., 2008. Applying bottom-up analysis to identify the 
system boundaries of non-energy use data in international energy statistics. Energy, 33, pp.1609-1622. 

Wiesen, K., Saurat, M, Lettenmeier, M., 2014. Calculating the Material Input per Service Unit using the 
Ecoinvent Database. International Journal of Performability Engineering, 10(4), pp.357-366. 

Wolman, A. (1965). Metabolism of cities. Scientific American, 213(3), 179-190. 

Wrisberg, N., Udo de Haes, H.A., Triebswetter, U., Eder, P., Clift, R. (Eds.), 2002. Analytical Tools for 
Environmental Design and Management in a Systems Perspective: The Combined Use of Analytical Tools. 
Dordrecht: Kluwer Academic Publishers. 

Wuppertal Institute, 2018. Material Intensity Factors. [Online] Available at: 
<https://wupperinst.org/en/a/wi/a/s/ad/365/> [Accessed 04 May 2018] 

Zhang, Y.; Yang, Z.; Yu, X., 2009. Evaluation of urban metabolism based on energy synthesis: a case study 
for Beijing (China). Ecol. Modell., 220 (13), pp.1690−1696. 

Zhang, Y., Yang, Z.F., Fath, B.D. and Li, S.S., 2010. Ecological network analysis of an urban energy metabolic 
system: model development, and a case study of four Chinese cities. Ecol. Modell. 2010, 221 (16), 
pp.1865−1879. 

Zhang, Y., Liu, H. and Chen, B., 2013. Comprehensive evaluation of the structural characteristics of an urban 
metabolic system: Model development and a case study of Beijing. Ecological Modelling, 252, pp.106-113. 

Zhang, Y., Liu, H., Chen, B., Zheng, H. and Li, Y., 2014. Analysis of urban metabolic processes based on 
input-output method: model development and a case study for Beijing. Front. Earth Sci., 8(2), pp.190-201. 

Zhang, Y., Yang, Z. and Xiangyi, Y., 2015. Urban Metabolism: A Review of Current Knowledge and Directions 
for Future Study. Environ. Sci. Technol, 49, pp.11247-11263. 

Zhang, L., He, C., Yang, A., Yang, Q. and Han, J., 2018. Modeling and implication of coal physical input-
output table in China – Based on clean coal concept. Resources, Conservation and Recycling. 129, pp.355-
365. 

Zucaro, A., Ripa, M., Mellino, S., Ascione, M. and Ulgiati, S., 2014. Urban resource use and environmental 
performance indicators. An application of decomposition analysis. Ecol. Indic., 47, pp.16−25. 

 

 

 

 

 

 



 
69 

Appendix A: Sustainability requirements for the SRS district 

The sustainability requirements that have been enacted by the City for SRS district are described in SRS 
Sustainability Report 2016 (Stockholms Stad, 2016) and they are summarized in Table B.1.  

 

Table A.1. Sustainability requirements for the SRS district 

Sustainability requirements 

 Climate change adaptation 

 Housing units must achieve a Green Space Index (GSI) of 0.6 while premises must achieve a 
GSI of 0.4. The requirements do not apply to Norra 1 and Västra, as well as to existing 
buildings in Gasverket due to cultural heritage reasons. 

 Energy  

 The energy requirement in housing units in Norra 2, Brofästet and Gasverket must be <55 
kWh/m2 Atemp per year, purchased energy, and in Södra Värtan <50 kWh/m2 Atemp per year, net 
energy.  

 For premises in Norra 2, Brofästet and Gasverktet energy must be <45 kWh/m2 Atemp per year, 
purchased energy, and in Södra Värtan 45 kWh/m2 Atemp per year, net energy. 

 Self-generation 2 kWh/m2 Atemp solar power, or 6 kWh/m2 Atemp solar thermal energy or a 
combination of these two. 

 Waste 

 The longest distance from door to waste-chute inlet is 30 m. 

 The longest distance from recycling room is 50 m. 

 The maximum amount of generated construction waste must be 20 kg waste in kg/m2 BTA 
(gross floor area) 

 Maximum 5% by weight of construction waste may be sent to landfill. 

 Transport 

 Bicycle parking: 2.2-2.5 spaces/apartment and 0.25 space/employee 

 Car parking: 0.5 spaces/apartment, 0-4 spaces/1,000 m2 GFA (office) and 0-6 spaces/1,000 m2 
GFA (retail) 

 Charge points in garages 

 All parking space in garages must be prepared for charge points. 

 Buildings 

 Building materials and products must specific requirements for contents and documentation 
similar to those defined by Basta, Byggvarubedömningen (BVB) or Sunda Hus.  

 The following materials are prohibited: 

 PVC and other halogenated materials 

 Endocrine disruptors according to the SIN list 

 Zinc that can contaminate soil and groundwater 

 Copper, except in closed systems 

 Indoor environment 

 The Sweden Green Building Council’s Gold rating must be achieved for indoor environment. 
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Appendix Β: Inventory of material inputs in the construction sector in 
the Zenhusen neighbourhood 

Table B.1. summarizes the inventory of materials that was used by the construction sector during the 
construction of the Zenhusen neighbourhood in SRS. The inventory was extracted by the Hållbarhetsportalen 
with the help of Helena Larsson. The materials in the original inventory had been classified according to the 
BK04 classification. BK04 is a classification that has been adopted by The Association of Swedish Building 
Materials Merchants (Byggmaterialhandlarna).  

 

Table B.1. Inventory of material inputs in the construction sector in the Zenhusen neighbourhood. 

Product name BVB 
id 

BK04 
classification 

CPA 
Classification 
(2nd level) 

Amount Unit Conversion 
factor 

Unit Mass 
(tonnes) 

Leca lättklinker 6625 01106 Lightweight 
aggregate bulk  

B.08 450 kg -  - 0.45 

Minera skiffer 87229 01107 Natural 
stone 

B.08 380 kvm 36.5 kg/m2 13.87 

Berg (kross), grus och sand 9753 01110 Sand B.08 10 m3 1400 kg/m3 14.00 

Sibirisk Lärk 53096 02001 Sawn 
timber/ 02003 
Timber planed to 
size/ 02099 
Building timber in 
general 

C.16  467 kvm 18.25 kg/m2 8.52 

Woodsafe 
brandskyddsimpregnerat trä 

50035 02305 Fire 
retardant-treated/ 
07003 Fire safety 

C.16  1600 kvm 15 kg/m2 24.00 

Byggträ 53251 02599 Wood 
components in 
general 

C.16  1600 kvm 21.6 kg/m2 34.56 

Kährs Original 15 mm 47253 03102 Parquet 
flooring 

C.16  2204  kvm 12 kg/m2 26.45 

Vänerply 
P30*/Vänerply/Byggplywood 

51466 01203 Plywood C.16  2450 kvm 8.82 kg/m2 21.61 

SSC KL Loftgångsdörr med 
överljus 

83577 040 Doors C.16  18 st 61.66 kg/st 1.11 

SSC Innerdörr, 40mm, Upp 
till R’w35dB och/eller EI30 , 
Klimat, Målad, inkl. karm VD9 

52296 04003 
Lightweight 
residential inner 
doors 

C.16  136 st 58 kg/st 7.89 

Drömtrappor Inomhustrappa i 
Trä med räcke i trä 

51735 04402 Stairs C.16  30 st 215.00 kg/st 6.45 

Ask Fraxinus 83575 10012 Solid wood 
components  

C.16  7 m3 710.00 kg/m3 4.97 

Soudaseal 222LM 83529 01499 
Weatherproofing 
systems, tape and 
sealing strip in 
general 

C.20  6  liter 1.55 kg/L 0.01 

illbruck JF100 57051 01499 
Weatherproofing 
systems, tape and 
sealing strip in 
general 

C.20  8 liter 0.06 kg/L 0.0004 

Casco Superfix 3890, 3891, 
3892 

43054 01702 Adhesive C.20  72 liter 1.5 kg/L 0.11 

PL600 Monteringslim SE 41661 01702 Adhesive C.20  116 liter 1.3 kg/L 0.15 
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Table B.1. continued 

Soudal Fix All Fogmassor 42704 01702 
Adhesive/01703 
Jointing mastic 

C.20  116 liter 1.67 kg/L 0.19 

FA180 Bygg & Våtrumssilikon 9127 01703 Jointing 
mastic 

C.20  55 liter 1 kg/L 0.06 

Silirub 2 55613 01703 Jointing 
mastic 

C.20  10 liter 1.2 kg/L 0.01 

Sikacryl-HM Färgad 45210 01703 Jointing 
mastic 

C.20  4 liter 1.6 kg/L 0.01 

SikaBoom Top-G 50467 01703 Jointing 
mastic 

C.20  36 liter 0.02 kg/L 0.00 

ECM 52859 01703 Jointing 
mastic 

C.20  - -  - - - 

Protecta FR Akryl 44676 01703 Jointing 
mastic/07003 
Fire safety 

C.20  32 liter 1.58 kg/L 0.05 

Duo PGJA 52372 01704 Asphalt and 
sealants 

C.20  41000 liter 2.35 kg/L 96.35 

Professional Sprutspackel 56249 01705 Putty and 
filler 

C.20  9000 liter 1.75 kg/L 15.75 

Professional Lätt Sprutspackel 56241 01705 Putty and 
filler 

C.20  1000 liter 1.25 kg/L 1.25 

Professional 
Mediumspackel/LS 104 

56242 01705 Putty and 
filler 

C.20  990 liter 1 kg/L 0.99 

Nordsjö Professional Rems- 
och Skarvspackel 

85498 01705 Putty and 
filler 

C.20  450 liter 1.4 kg/L 0.63 

Professional Grovspackel 56238 01705 Putty and 
filler 

C.20  650 liter 0.9 kg/L 0.59 

Laga inne Laga ute Vägg Rot 
Laga Vägg 

57110 01705 Putty and 
filler 

C.20  150 kg 1   0.15 

Professional Våtrumsspackel 56250 01705 Putty and 
filler 

C.20  75 liter 1.1 kg/L 0.08 

Professional Snickerispackel 56248 01705 Putty and 
filler 

C.20  13 kg 1   0.01 

ISOGLASYR 11P 41134 01799 Chemico-
technical goods in 
general 

C.20  190 st 5 kg/st 0.95 

Finja Primer 9804 01799 Chemico-
technical goods in 
general 

C.20  15  liter 1.02 kg/L 0.02 

NOVATHERM 4FR 8514 02305 Fire 
retardant-treated/ 
03408 Other 
paint/ 07003 Fire 
safety 

C.20  180 kg -   0.18 

Unitherm Safir 43382 034 Paint goods C.20  75 kg 1   0.08 

SILIKAT Grundfärg/binder 
puts & betong 

48499 03401 Primer, 
outdoors  

C.20  600 liter 1 kg/L 0.60 

Elastocol 500 56658 03401 Primer, 
outdoors  

C.20  360 liter 0.95 kg/L 0.34 

Professional 7 56229 03404 Wall and 
ceiling paints, 
indoors 

C.20  1000 liter 1 kg/L 1.00 

Perform + Bathroom 56224 03404 Wall and 
ceiling paints, 
indoors 

C.20  900 liter 1 kg/L 0.90 

Professional Grund + 56239 03404 Wall and 
ceiling paints, 
indoors 

C.20  850 liter 1 kg/L 0.85 
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Table B.1. continued 

Perform + Bathroom Primer 56225 03404 Wall and 
ceiling paints, 
indoors 

C.20  260 liter 1 kg/L 0.26 

ORIGINAL GOLVFÄRG 56221 03404 Wall and 
ceiling paints, 
indoors/ 03405 
Wood paint, 
indoors 

C.20  1800 liter 1 kg/L 1.80 

Professional Snickeri 80 56247 03405 Wood 
paint, indoors 

C.20  60 liter 1 kg/L 0.06 

weber.floor 4716 primer 40959 03406 Floor paint, 
oil, lye and soap  

C.20  300  liter 1 kg/L 0.30 

Sebe-listen 43217 03507 Wood 
mouldings - 
treated 

C.20  2865 meter 0.14 kg/m 0.40 

HIT-CT 1 (komp A) 46879 05404 Chemical 
anchors for 
embedment  

C.20  66 liter 1.73 kg/L 0.11 

HIT-CT 1 (komp A) 46879 05404 Chemical 
anchors for 
embedment  

C.20  120  st 0.87 kg/st 0.10 

HIT-CT 1 (komp B) 46880 05404 Chemical 
anchors for 
embedment  

C.20  33  liter 1.73 kg/L 0.06 

ESSVE CM 300 E 
ANKARMASSA (Komp 2) 

47171 05404 Chemical 
anchors for 
embedment  

C.20  3  liter 1.60 kg/L 0.00 

HIT-CT 1 (komp B) 46880 05404 Chemical 
anchors for 
embedment  

C.20  - - - - - 

Protecta EX 
Brandskyddsmassa 

44677 07003 Fire safety C.20  1700 liter 0.9 kg/L 1.53 

Essve Isolerhållare 53031 05405 Insulation 
nails, cavity walls 
and scaffolding 
anchorage  

C.22  125000  st 0.0005 kg/st 0.06 

BYBA Frånluftsventil 43806 210 Ventilation C.22  18 st 0.2 kg/st 0.00 

EPS expanderad polystyren 
EPS 60- EPS 400 / Sundolitt 
cellplast 

44018 013 Insulating 
materials 

C.22  1576 m3 35 kg/m3 55.2 

Eurothane Bi-4 86682 013 Insulating 
materials 

C.22  3898 kvm 2.4 kg/m2 9.36 

Kooltherm K8C 
Skalmursisolering 

85489 01305 Foam 
plastic 

C.22  710  kvm 3.15 kg/m2 2.24 

SPU Isolering 47396 01399 Insulation 
materials in 
general  

C.22  360  m3 35 kg/m3 12.60 

Kooltherm/Kooltherm K3 54842 01399 Insulation 
materials in 
general  

C.22  666  kvm 3.15 kg/m2 2.10 

Regufoam 220 plus 90315 01399 Insulation 
materials in 
general  

C.22  2 kvm 5.5 kg/m2 0.01 

Skarvtejp T-Duo 51278 01407 Tape/01499 
Weatherproofing 
systems, tape and 
sealing strip in 
general 

C.22  500 m 0.002 kg/m 0.001 
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weber.floor 4960 kantlist 49522 01408 Sealing 
strip 

C.22  750  m 0.002 kg/m 0.0015 

SP054 Bygg & Limfog 52981 01499 
Weatherproofing 
systems, tape and 
sealing strip in 
general 

C.22  16 liter 1.6 kg/L 0.03 

Tätningstejp T-flex 45114 01499 
Weatherproofing 
systems, tape and 
sealing strip in 
general 

C.22  7000 m 0.002 kg/m3 0.01 

Kährs Kombifoam 54867 01899 Subfloor 
system in general 

C.22  2204  kvm 0.22 kg/m2 0.48 

weber.floor 4940 geotextil 44449 01899 Subfloor 
system in 
general/03107 
Flooring materials 
in general 

C.22  2300 kvm 0.16 kg/m2 0.36 

Nordic Rubber EPDM 55284 01999 Home 
remodelling in 
general/ 03199 
Flooring articles in 
general/ 08001 
Garden slabs and 
outdoor 
paving/08099 
Garden goods in 
general 

C.22  51 kvm 1.5 kg/m2 0.08 

Pronto Klinkerdäck fot 93953 03001 Glazed tiles  C.22  750 st 0.02 kg/st 0.02 

Pallningsbricka PBR - Grön 54887 05299 Bolt 
articles, nuts and 
washers in general 

C.22  4500 st 0.001 kg/st 0.0045 

Pallningsbricka PBR - Blå 54886 05299 Bolt 
articles, nuts and 
washers in general 

C.22  2000 st 0.001 kg/st 0.002 

Polyfelt TS Geotextil 6807  08013 Geotextile C.22  1000 m2 0.1 kg/m2 0.10 

ISODRÄN-filterduk 88642  08013 Geotextile C.22  120  kvm 0.14 kg/m2 0.02 

Nordic Grass Play 35 55286 08001 Garden 
slabs and outdoor 
paving 

C.22  13 kvm 0.97 kg/m2 0.01 

ISODRÄN-skivan, 
Isodränskivan 

43936 13 Hobby, sport 
and leisure/ 013 
Insulating 
materials 

C.22  48 m3 37.5 kg/m3 1.80 

Jackopor, Jackodren och EPS-
cellplast 

43627 13 Hobby, sport 
and leisure/ 013 
Insulating 
materials 

C.22  1551  kvm 0.2 kg/m2 0.31 

ISODRÄN-skivan, 
Isodränskivan 

43936 13 Hobby, sport 
and leisure/ 013 
Insulating 
materials 

C.22  139  kvm 1.9 kg/m2 0.26 

Gyproc Hårda gipsskivor 7859 01212 Gypsum 
wall boards 

C.23 95  kvm 12.2 kg/m2 1.16 

Cembrit Windstopper (Minerit 
Windstopper) 

10629 01213 Cement-
based boards  

C.23 4000 kvm 7.6 kg/m2 30.40 

Cembrit Multi Force 85491 01213 Cement-
based boards  

C.23 1078 kvm 11 kg/m2 11.86 

Silestone 57301 01299 Sheet 
materials in 
general  

C.23 49 st 45.21 kg/st 2.22 
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Protecta A-Skiva 44748 01299 Sheet 
materials in 
general  

C.23 8 kvm 3.2 kg/m2 0.03 

PAROC Hvac Combi AluCoat 51175 01301 Mineral 
(rock) wool 

C.23 3000 m3 35 kg/m3 105.00 

PAROC Fire Slab 140 8725 01301 Mineral 
(rock) wool 

C.23 144  kvm 8.4 kg/m2 1.21 

Paroc Firevent Mat AluCoat 51109 01301 Mineral 
(rock) wool 

C.23 200 kvm 1.73 kg/m2 0.35 

Paroc Vent Mat AluCoat 8591 01301 Mineral 
(rock) wool 

C.23 100 kvm 1.73 kg/m2 0.17 

Isover Stålregelskiva 450 9446 01301 Mineral 
(rock) wool/ 01399 
Insulation 
materials in 
general  

C.23 797  kvm 2.04 kg/m2 1.63 

Paroc Rob 80 50800 01399 Insulation 
materials in 
general  

C.23 3000 kvm 13.44 kg/m2 40.31 

Macoflex YAP 2200 43873 01401 Underlay 
felt 

C.23 45 m 1.53 kg/m 0.07 

Sopralene Garden 5500 56195 01499 
Weatherproofing 
systems, tape and 
sealing strip in 
general 

C.23 1280 kvm 5.8 kg/m2 7.42 

Ventiglass SBS 3TF 88138 01499 
Weatherproofing 
systems, tape and 
sealing strip in 
general 

C.23 1380 kvm 4.1 kg/m3 5.66 

Sopralene MF 5500 48932 01604 Asphalt 
roofing 
shingles/01699 
Roof and wall 
cladding in general 

C.23 1760 kvm 5.5 kg/m2 9.68 

Pronto Klinkerdäck 93952 03001 Glazed tiles  C.23 250 kvm 29.2 kg/m2 7.30 

UNGLAZED PORCELAIN 50003 03001 Glazed tiles  C.23 30 kvm 15.97 kg/m2 0.48 

Keraquick HVIT 41177 03002 Adhesives, 
joint sealants and 
accessories  

C.23 30 kg 1 kg/m2 0.03 

Terrazzo 86914 031 Flooring 
articles 

C.23 100 kvm 44.44 kg/m2 4.44 

Ecophon Industry Modus, 
Saint-Gobain Ecophon AB 

44791 03399 Ceiling and 
wall systems in 
general 

C.23 113 kvm 4 kg/m2 0.45 

Ecophon Focus produktfamilj 44837 03399 Ceiling and 
wall systems in 
general 

C.23 60 kvm 3 kg/m2 0.18 

Ecophon Super G 47969 03399 Ceiling and 
wall systems in 
general 

C.23 45 kvm 3.5 kg/m2 0.16 

SSC Silence Skjutdörr målad 53016 (It consists of 
glass) 04003 
Lightweight 
residential inner 
doors/ 04099 
Doors in general 

C.23 24 st 80 kg/st 1.92 

VELFAC V200 fönster 55853 041 Windows  C.23 196  st 51 kg/st 10.00 

LINC Angel, Niagara, 
Monument, Josephine 

54175 04399 Bathroom 
fixtures in general 

C.23 42 st 60.3 kg/st 2.53 
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Hicon, betongfibertrappa 86157 04402 Stairs C.23 30  st 800 kg/st 24 

L- och T-stöd, Betongbarriärer 
samt Kabelrännor 

85694 10099 Prefab 
elements in general 

C.23 3 meter 560 kg/m 1.68 

Roxull Stenull 9733 13 Hobby, sport 
and leisure/ 013 
Insulating 
materials 

C.23 100 kvm 9.09 kg/m2 0.91 

Icopal Membrane 5 / 5 BRO, 
YEP 6500 

44028 14 Hand tools/014 
Weatherproofing 
systems, tape and 
sealing strip 

C.23 1100 kvm 6.5 kg/m2 7.15 

Sign WC-stol 44184 20103 Sanitary 
ware, lavatory pans  

C.23 48 st 22 kg/st 1.06 

Vägg-WC 57630 20103 Sanitary 
ware, lavatory pans  

C.23 49 st 15 kg/st 0.74 

Tvättställ DSE-WT 57631 20107 Plumbing 
fittings  

C.23 97 st 11 kg/st 1.07 

Fabriksbetong med Bascement 
färsk/ hårdnad 

95340  C.23 17 m3 2400 kg/m3 40.8 

Betongväggar med isolering 91058  C.23 3647 kvm 375 kg/m2 1367.63 

Betongväggar utan isolering 91059  C.23 1678 kvm 375 kg/m2 629.25 

Filigranplatta 91053  C.23 25 kvm 319.5 kg/m2 7.99 

Montageställning solceller 94945  C.23 123 meter 2.28 kg/m 0.28 

Fönster trä 44785 041 Windows  C.23 13 st 55.8 kg/st 0.73 

HDF golvbjälklag 91050 It was not classified 
(It is Håldäck = 
subfloor) 

C.23 782 kvm 500 kg/m2 391 

Armeringsstål kvalitet 
B500BT 

51650 01501 Reinforcing 
steel  

C.24  28560 kg 1 kg 28.56 

Armeringsstålprodukter 
(armeringsstål & 
armeringsnät/matta) 

9911 01501 Reinforcing 
steel  

C.24  4200 kvm 3.62 kg/m2 15.2 

Stångstål 55102 01503 Bar steel  C.24  17000 kg 1 kg 17.00 

Patinax 355 86358 01510 Metals C.24  2733  kvm 47.1 kg/m2 128.72 

Innerväggsprofiler 8298 01511 Thin-steel 
sections/01599 
Reinforcement, 
steel and metal 
goods in general 

C.24  4626 meter 0.79 kg/m 3.65 

Innerväggsprofiler med torr 
fogtätning 

55645 01511 Thin-steel 
sections/03399 
Ceiling and wall 
systems in general 

C.24  473  meter 0.72 kg/m 0.34 

Steel Sheet Piles/spont 52658 01599 
Reinforcement, 
steel and metal 
goods in general 

C.24  9730 kg - - 9.73 

Armeringsstålsprodukter i 
form av raka längder, 
bearbetade produkter och nät 

46485 01599 
Reinforcement, 
steel and metal 
goods in general 

C.24  844 kg - - 0.84 

Stålprofiler Europrofil 8298 01599 
Reinforcement, 
steel and metal 
goods in general 

C.24  705 meter 0.79 kg/m 0.56 

Docol 355 W 50428 01699 Roof and 
wall cladding in 
general 

C.24  150 kvm 6.56 kg/m2 0.98 
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DURI GOLVPROFIL 
SILVERELOXERAD 

91369 03108 Skirting 
boards 

C.24  200 meter 0.05 Kg/m 0.01 

Komponenter i pre-lakerat stål 53516 03302 False ceiling 
systems 

C.24  198  kvm 12.6 kg/m2 2.49 

Metallundertak med målad yta 
Aluminium 

44864 03302 False ceiling 
systems 

C.24  200 kvm 2.9 kg/m2 0.58 

BLÜCHER Europipe 
avloppssystem dimension 40 - 
250 mm Rostfritt, Syrafast 

51889 20201 Buried 
drains 

C.24  240  m 1.8 kg/m 0.43 

MKM Hetco, Oisolerade rör 49460 20299 
Groundworks in 
general 

C.24  100 meter 5.7 kg/m 0.57 

Altech Förkromade Kopparrör 57398 20299 
Groundworks in 
general 

C.24  25 meter 0.39 kg/st 0.01 

Stålbalkar 91144  C.24  19438 kg - - 19.44 

Stålbalkar 91145  C.24  6951 kg - - 6.95 

Stålbalkar 91146  C.24  2788 kg - - 2.79 

Stålbalkar 91147  C.24  2115 kg - - 2.12 

Icopal Takbrunn, 
Insticksbrunn, Utkastare, 
Sargbräddavlopp, 
Bräddavlopp, Lövfångarsil 

50230 01699 Roof and 
wall cladding in 
general 

C.25  44 st 2 kg/st 0.09 

Inspektionslucka - HILA 55604 01905 Rubbish, 
inspection, 
cleaning and 
smoke 
lids/hatches/covers  

C.25  40 st 3.3 kg/st 0.13 

Solid Inspektionslock 50725 01905 Rubbish, 
inspection, 
cleaning and 
smoke 
lids/hatches/covers  

C.25  3 st 13 kg/st 0.04 

Cubic 50727 01905 Rubbish, 
inspection, 
cleaning and 
smoke 
lids/hatches/covers  

C.25  1 st 22.5 kg/st 0.02 

SRHP Yttertaklucka 83581 01905 Rubbish, 
inspection, 
cleaning and 
smoke 
lids/hatches/covers  

C.25  1 st 13 kg/st 0.01 

Innerväggsprofiler med duk 54854 01399 Insulation 
materials in 
general/01511 
Thin-steel 
sections/01599 
Reinforcement, 
steel and metal 
goods in general 

C.25  1040 m 0.81 kg/m 0.84 

Ecophon Industry RTP 48857 03399 Ceiling and 
wall systems in 
general 

C.25  113 kvm 5 kg/m2 0.57 

Daloc ståldörrar 45534 04001 Outer 
doors/ 04003 
Lightweight 
residential inner 
doors 

C.25  18 st 8 kg/st 1.44 

Dorma TS 83 46704 04099 Doors in 
general 

C.25  39 st 1.7 kg/st 0.07 
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Utrymningsbeslag 56752 04099 Doors in 
general/ 06001 
Locks and 
accessories  
/ 06199 
Ironmongery in 
general 

C.25  18 st 1.4 kg/st 0.03 

FR 303 - FR 325 47630 04499 Room 
fitting-out in 
general 

C.25  2 st 30 kg/st 0.06 

Cylindrar 88436 06001 Locks and 
accessories  

C.25  160 st 0.25 kg/st 0.04 

Behör i Mässing 88572 06001 Locks and 
accessories  

C.25  70 st 0.1 kg/st 0.007 

STEP 92 Preload 51197 06001 Locks and 
accessories/06099 
Locks and handles 
in general 
/ 06199 
Ironmongery in 
general 

C.25  7 st 0.37 kg/st 0.003 

Nycklar 88437 06003 Keys/key 
blanks etc. 

C.25  109 st 0.06 kg/st 0.006 

Dörrtrycke innerdörr blyfri 
mässing med ytbehandling 
Clean 

87670 06004 Door 
handles and 
accessories  

C.25  140 st 0.3 kg/st 0.04 

Tillbehör innerdörr blyfri 
mässing med ytbehandling 
Clean 

87673 06004 Door 
handles and 
accessories  

C.25  100 st 0.3 kg/st 0.03 

Rostfria dörrtrycken med och 
utan returfjäder 
Katalognummer:865, 866, 
867, 8637, 8638, 8639, 8640, 
8641, 8642, 8643, 8644, 
8650,8665, 8670, 8680, 8685, 
8690 

45921 06004 Door 
handles and 
accessories  

C.25  39 st 0.5 kg/st 0.02 

WC-beslag blyfri mässing med 
ytbehandling Clean 

87671 06004 Door 
handles and 
accessories  

C.25  50 st 0.2 kg/st 0.01 

Dörrtrycke i rostfritt 86578 06099 Locks and 
handles in general 

C.25  35 st 0.5 kg/st 0.02 

Cool-Line Rostfritt 56442 06199 
Ironmongery in 
general 

C.25  192 st 0.7 kg/st 0.13 

Cool-Line Rostfritt Mässing 56443 06199 
Ironmongery in 
general 

C.25  48 st 0.7 kg/st 0.03 

Täck- och vredskylt i rostfritt 
4265, 4356 

56305 06199 
Ironmongery in 
general 

C.25  11 st 0.21 kg/st 0.0023 

Låshus Classic, Connect och 
Smalprofil med 28, 35, 50 eller 
70 mm dorndjup samt mikro 

50671 06199 
Ironmongery in 
general 

C.25  2 st 1 kg/st 0.002 

Förrådsväggar 52880 10005 Wall 
components  

C.25  140 kvm 5 kg/m2 0.70 

LK Fördelare UNI 43324 20201 Buried 
drains 

C.25  48 st 0.24 kg/st 0.01 

Jafo Rostfritt 8339 20 Heating and 
plumbing 

C.25  42 st 0.2 kg/st 0.01 

LK Fördelarskåp/ Lucka 
UTV/INB 

43400 20 Heating and 
plumbing/020 
Timber goods 

C.25  48 st 6.2 kg/st 0.30 
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LK Kulventil Rak G25 43439 20 Heating and 
plumbing/020 
Timber goods/ 
24002 Underfloor 
heating  

C.25  250 st 0.38 kg/st 0.10 

FURO 007 - FURO 198 45022 20099 Heating in 
general 

C.25  7  st 1.9 kg/st 0.01 

FMM Vattenutkastare 57253 20105 Shower 
cubicles and 
partitions  

C.25  7 st 0.24 kg/st 0.00 

LK Fördelarskåp UNI 43222 202 Groundworks C.25  48 st 6.2 kg/st 0.30 

LK Ram med lucka till UNI 
skåp 

43221 202 Groundworks C.25  48 st 3.4 kg/st 0.16 

MA-Systemet 8552 20201 Buried 
drains 

C.25  300 meter 8.27 kg/m 2.48 

BRTO Aluzink 52667 21001 Valves C.25  4 st 0.1 kg/st 0.00004 

Rektangulärt kanalsystem 48434 21002 Ducting 
systems 

C.25  500 meter 4.29 kg/m 2.15 

Veloduct Cirkulärt 
Kanalsystem 

56806 21002 Ducting 
systems 

C.25  1000 meter 1.1 kg/m 1.10 

Safe Kanal och Detalj 48404 21099 Ventilation 
in general 

C.25  1000 meter 1.14 kg/m 1.14 

Förzinkat flätverksnät 48989 23005 Fencing and 
gates  

C.25  36 meter 2.6 kg/m 0.09 

Galvade Cykelställ 54288 23103 Carpet-
beating, airing, 
drying and bicycle 
racks, and floor 
grilles  

C.25  40 st 1.5 kg/st 0.06 

Epecon Modul Compact 49598 24099 Heating in 
general 

C.25  5 st 18.5 kg/st 0.09 

Fastighetsbox 93911  C.25  1 st 37 kg/st 0.04 

STEP 90 Preload 55374 04099 Doors in 
general 

C.27  7 st 0.28 kg/st 0.002 

Kitchen Friend T3 57211 11099 Kitchen 
equipment in 
general 

C.27  18 st 7 kg/st 0.13 

SolarEdge Växelomriktare 91011 14599 Instruments 
in general 

C.27  1 st 33 kg/st 0.03 

ELAQBY (ELABY) 20120 18301 Cabling C.27  - -  -  -  - 

ELQXB och ELQXBE 20463 18301 Cabling C.27 - - - - - 

EQ, FQ, RQ (EB, FB, RB) 45485 18301 Cabling C.27  - -  - -   - 

EQLQ F4C(1,5-2,5 mm2) 48841 18301 Cabling C.27  - - -   -  - 

EQLQ Plus 50657 18301 Cabling C.27  - -  -  -  - 

EQLQ, FQLQ 44880 18301 Cabling C.27  - -  - -  - 

EQQ-Light (EBB-Light) 44882 18301 Cabling C.27  - -  - -  - 

EXQJ/FXQJ (2,5-16 mm2) 47686 18301 Cabling C.27  - -  -  -  - 

EXQ-Light 50656 18301 Cabling C.27  - -  -  -  - 

EXQ-Light och FXQ-Light 84466 18301 Cabling C.27 - - -  -  -  - 

Flamerex: Brandresistenta 
kablar - installation-, styr-, 
kraftkabel 

9420 18301 Cabling C.27  - -  -  -  - 

LexCom Kabel Kat6 SF UTP 48205 18301 Cabling C.27  - -  -  -  - 

LexCom Kabel Kat6A F UTP 48392 18301 Cabling C.27  - -  -  -  - 

SE-N1XE-U-O 1 kV DUOLINK 55824 18301 Cabling C.27  - -  -  - - 
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EXQJ (EBBJ) 44883 18301 Cabling C.27  - -  -  -  - 

Halogenfria Styva rör (VP) PM 
FLEX 

50634 18303 Electrical 
wiring material  

C.27  - -  - -  - 

Kabelrännor, kabelstegar, 
profiler, trådstegar S 

8469 18303 Electrical 
wiring material  

C.27  - - - - - 

VP-rör Flexibla 8858 18303 Electrical 
wiring material  

C.27  - - - -   - 

Kabelrör DV 50/42 tät grön 50080 18303 Electrical 
wiring material/ 
18399 Electrical 
wiring materials in 
general/ 20201 
Buried drains 

C.27  - - - -  - 

Kabelrör SRN 50/42 gul 50082 18303 Electrical 
wiring material/ 
18399 Electrical 
wiring materials in 
general/ 20201 
Buried drains 

C.27  - -  -  - - 

Släta VP-rör 8861 18399 Electrical 
wiring materials in 
general 

C.27  - - - -  - 

LK Fördelarreglering 2-vägs 57750 20204 Nodular 
iron pipes 

C.27  350 st 0.5 kg/st 0.18 

LK Ställdon 24V NO/NC 43389 20299 
Groundworks in 
general 

C.27  250 st 0.13 kg/st 0.03 

ETPR-E-1 med ställdon 
Gruner 

47166 21001 Valves C.27  10 st 4.2 kg/st 0.04 

Casamja Skåpkåpa 45914 21099 Ventilation 
in general 

C.27  18 st 15 kg/St 0.27 

Brand-/ brandgasspjäll ETPR-
EI-1 

47167 21099 Ventilation 
in general 

C.27  2 st 4.5 kg/st 0.01 

LK Rumstermostat S1, S1 EXT 
& S1 DTI (NO/NC) 

54191 24002 Underfloor 
heating  

C.27  250 st 0.06 kg/st 0.02 

Solceller 94943  C.27  90 st 18.14 kg/st 1.63 

Monteringsstolpar 
/Montagestolpar till STEP 
produkter 

52079  C.27  7 st 0.3 kg/st 0.002 

STAP DN 15-50 49880 20203 Water 
supply and 
sewerage fittings 

C.28 12 st 1.1 kg/st 0.01 

STA, STAD, STADA DN 10-50 8330 20203 Water 
supply and 
sewerage fittings/ 
20204 Nodular 
iron pipes 

C.28 25 st 0.7 kg/st 0.02 

Viridi kulventil AT AT3700, 
AT3701 

50194 20203 Water 
supply and 
sewerage fittings/ 
20204 Nodular 
iron pipes/ 21001 
Valves 
  

C.28 50  st 0.51 kg/st 0.03 

Broen Ballofix Minikulventil 
Typ 507 

45024 20299 
Groundworks in 
general 

C.28 80 st 0.14 kg/st 0.01 

KGEB 43273 21001 Valves C.28 70 st 0.4 kg/st 0.03 

Jalusispjäll SPB, SPC 47610 21001 Valves C.28 2 st 10 kg/st 0.02 

BRYA Aluminium 46257 21001 Valves C.28 18 st 0.5 kg/st 0.01 
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Galler 1 52799 21001 Valves/ 
21002 Ducting 
systems 

C.28 10 st 0.4 kg/st 0.004 

KTS 48308 21002 Ducting 
systems 

C.28 100 st 0.43 kg/st 0.04 

Injusteringsspjäll IRIS 46096 21002 Ducting 
systems/21099 
Ventilation in 
general 

C.28 20 st 0.5 kg/st 0.01 

Takgenomgång EKO-TR 
Förzinkat 

43028 21099 Ventilation 
in general 

C.28 18 st 5 kg/st 0.09 

Takhuv EKO-HBS Aluzink 42966 21099 Ventilation 
in general 

C.28 18 st 4 kg/st 0.07 

Safe Ljuddämpare Isolerad 1 48411 21099 Ventilation 
in general 

C.28 4 st 5.6 kg/st 0.02 

BRYH Aluzink 49789 21099 Ventilation 
in general 

C.28 3 st 1.35 kg/st 0.004 

STI 47057 21099 Ventilation 
in general 

C.28 4 m  -   - 

LK Värmekretsfördelare RF 47284 24002 Underfloor 
heating  

C.28 48 st 2.4 kg/st 0.12 

Kökslucka Maja, Linn, Agnes 51383 04201 Kitchen 
joinery 

C.31  259 st - kg/st - 

Imse Hammock 92802 08002 Garden 
furniture  

C.31  2 st 84.09 kg/st 0.17 

Kvänum Kök 53339 04201 Kitchen 
joinery/ 04299 
Kitchen fixtures in 
general 

 18 st - - - 

Laminatbänkskiva 52377 04202 Worktops  18 st - - - 

Badrumsfront Plain 89312 04301 Bathroom 
joinery  

 259 st - - - 

Skåpsstomme F3, Day, Tidy 51588 04399 Bathroom 
fixtures in general 

 361 st - - - 

Skjutdörrar med panel 53482 04501 Sliding 
wardrobe doors 
and folding doors 

 48 st -  -  - 

Skarvmuff PE 50094 20201 Buried 
drains 

 - -  -  - - 

Kabelskyddsrör i mark 43921 20201 Buried 
drains 

 - -  -  - - 
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