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MATERIAL FLOW ANALYSIS AND LIFE CYCLE 
ASSESSMENT OF DANISH HOUSEHOLD 
WASTE – FACTORS OF IMPORTANCE 

V. Takou, V. Bisinella, A. Damgaard, T.F. Astrup  

Technical University of Denmark, Department of Environmental Engineering, Bygningstorvet, Bygning 115, 

2800 Kgs. Lyngby 

ABSTRACT: Using waste as a resource creates environmental benefits and reduces the use of primary 

resources. As a result, focus and debate on waste management practices have extensively increased, 

especially after the introduction of circular economy paradigms on a European level (European 

Commission, 2015; Tisserant et al., 2017). Nowadays, many countries are developing waste strategies 

and defining targets on recycling, and on reduction of impacts and use of primary resources. However, 

the waste statistics on a country level, which are used to evaluate whether those circularity targets are 

actually met, are not standardized and can sometimes be ambiguous and incomplete (Moriguchi and 

Hashimoto, 2016). Therefore, it is necessary to structure waste statistics in a transparent way that 

allows users across the stakeholder chain to follow flows of waste material fractions from generation 

throughout the various treatment processes. Such transparency can be achieved with the use of 

Material Flow Analysis (MFA), a tool that can account for all flows and stocks of materials of an entire 

system (Brunner and Rechberger, 2004). An MFA can be used for monitoring, imports and exports of 

waste, evaluation of current performance of targets, and as a basis for quantifying environmental 

impacts. Moreover, an MFA can reveal important aspects of the system e.g. abundant waste fractions 

that could be used to support strategic resources management. The study presents the preliminary 

findings of an ongoing work on an MFA model of the Danish household waste, and it pinpoints 

important waste flows, and factors that hinder a) the representation of the system through waste 

statistics, and b) the calculation of recycling targets. In addition, the MFA model is coupled with a Life 

Cycle Assessment (LCA) model, providing results for key environmental indicators.  

Keywords: Material Flow Analysis, MFA, waste statistics, household waste, Denmark, MFA perspectives. 

1. INTRODUCTION 

Mapping the waste flows and their routes is a crucial step for designing an optimal waste 

management system. Without a clear overview, it is not possible to accurately quantify waste strategy 

targets and to integrate effective solutions that can contribute to the vision of circular economy.  

In the EU, one of the ways of monitoring circularity in waste management is via waste management 

indicators (Eurostat, 2019). These indicators are calculated from waste statistics that members states 

are obliged to report (Eurostat, 2019; EU, 2002). However, the reported data could be of little value if 

the registration systems generating them are not well defined and consistent.  
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To address this is issue; a thorough analysis of the methodology behind the registration system is an 

imperative first step. In addition, Material Flow Analysis (MFA) can be applied to examine the system 

coverage that these data provide, as well as an effective way of giving an overview of the main waste 

flows and treatment routes.  

The aim of this paper is to provide preliminary results from an ongoing work on establishing an MFA 

and an LCA for household waste based on waste statistics in Denmark. The waste statistics are 

registered in a system managed by the Danish Environmental Protection Agency (Miljøstyrelsen). In this 

system, waste generators from all sectors are required to register information on their waste, i.e. waste 

amounts, waste fractions, waste source, designated waste treatment method etc. (Miljøstyrelsen, 2019). 

The results will provide insight for improving the waste registration system and give a more clear 

image of the status of household waste management in Denmark. Lastly, the MFA will be coupled with 

a Life Cycle Assessment (LCA) to provide an estimate of Danish household waste impacts on climate 

change.  

2. METHODOLOGY 

2.1 Data Description 

The data used in this analysis were extracted from Danish waste statistics for the last reported year 

i.e. 2016. 

The waste statistics contain information on the Danish waste system that can be divided in three 

main information sections: 1) waste fractions names 2) waste sources (sectors) 3) waste treatment. The 

waste fractions names are given with the Danish nomenclature (Miljøstyrelsen, 2019) and the European 

list of waste (EU, 2014) in various detail levels. The waste sources are given per Danish industry 

division codes (Danmarks Statistik, 2015) as well as with the NACE rev.2 nomenclature (Eurostat, 

2008). Lastly, the waste treatment is based on five general Danish waste treatment categories and the 

European disposal and recovery operation codes (EU, 2008). 

2.2 Data analysis 

The study focuses on household waste, hence the first step of the analysis was to extract only the 

data that was registered as being generated from households. To simplify the analysis the most 

aggregated waste fractions from the Danish nomenclature were chosen. Those include 29 waste 

fractions.  

The data was then categorized according to general Danish treatment categories. Those are: 

• Recycling 

• Incineration 

• Landfill 

• Special Treatment 

• Temporary storage (later sent to incineration) 

2.3 Data Correction  

Each entry in the Danish waste statistics is categorized by a Danish treatment category and a 

European treatment code (EU, 2008) as explained in section 2.2. The European codes are categorized 

as R for recovery operations and D for disposal operations. The treatment options are aggregated in 13 

R-type and 15 D-type treatments. A natural consequence of this grouping is that only some of the R or 

D codes can be combined with each of the Danish treatment categories. The entries for which the 

Danish and European code did not match were corrected following the methodology given in Figure 1.  
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Figure 1. Scheme for correcting European codes assigned for the Danish waste treatment categories that were not 

allowed. 

2.4 Material Flow Analysis 

In order to build an MFA for household waste, the waste was categorized into three groups 

depending on the assigned European R or D code. Those were: Pre-treatment, Treatments and Sinks. 

In the case of the waste management system, a sink is a term to describe waste that is “exiting” the 

waste management system. Here, landfill, land spreading and use of residues are defined as the sinks. 

The three groupings and the operations in each of those categories can be found in Table 1. 

Table 1. Preliminary operation grouping for the MFA. 

Group Operation 

Pre-treatments 
 

Pre-treatment before disposal 

Pre-treatment before recovery 

Storage or pre-treatment before incineration 

Treatments 

Recycling operations 

Incineration 

Sinks 

Landfilling 

Land spreading 

Utilization of residuals 

 

STAN software developed at the TU Wien (TU Wien, 2019) was used to visualize the different 

treatment routes of the preliminary MFA. 

3. RESULTS AND DISCUSSION 

3.1 Analysis of the waste registration system  

The first defined inconsistency of the waste statistics was the mismatch between the Danish 
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treatment categories and the European recovery and disposal codes. Table 2 presents the 

inconsistencies between them within each Danish treatment category and in total for household waste. 

Landfill and temporary storage have the highest degree of error, however, since the amount treated in 

the category is low, the overall inconsistencies account for 2.1% of the total household waste. The most 

common error for recycling is the use of code R1 (use as fuel for production of energy). This could 

mean that the fraction was actually sent to incineration rather than recycling, however the fact that this 

code is under “Recovery” might have confused the users on considering this process as a recycling 

process. For incineration on the other hand, the R13 (storage before treatment) is the one with the 

highest inconsistencies. This could be due to misinformation on the fact that temporary storage refers to 

the storage prior to incineration. Therefore, the users assign the code R13 within incineration instead of 

assigning the waste to temporary storage and then the appropriate thermal treatment code.  

Table 2. Preliminary results for inconsistencies between Danish and European treatment code for household 

waste. The first row provides the amount of waste assigned in wrong European codes for each Danish 

waste treatment category and in total. The second row provides the corresponding percentages out of 

the amount of waste in each Danish treatment category and out of the total household waste.  

  Landfill Incineration Recycling 
Temporary 
Storage 

Special 
Treatment 

Total 

Amount assigned wrong 
within each treatment 

category (tons) 
4,593.2 36,027.0 22,696.4 7,603.2 0 70,919.72 

% assigned wrong within 
each treatment category 

12% 2% 1% 10% 0% 2.1% 

 

The identified inconsistencies highlight the need of closed combinations and a higher degree of 

information to be provided to the users of the waste registration system. 

Another possible source of inconsistencies that was determined during the analysis is the estimation 

of the primary and secondary waste. Waste fractions receiving intermediate treatment can be 

transformed and can change names therefore, the quantification of the actual primary/secondary waste 

amounts could be imprecise. Moreover, the data on secondary waste were not provided in the 

registration system website, and thus they could not be analyzed and crosschecked at this point of the 

work.  

The last observation that can be proven to be a bottleneck for the representation of the system 

through waste statistics, is the absence of information on imports and exports in a disaggregated form. 

Only total imports and exports are provided, not allowing for determination of imports and exports 

specifically for household waste.  

3.2 Material flow analysis 

The results of the preliminary MFA visualized with STAN are presented in Figure 2.  

Figure 2 shows that the biggest part of the household waste is collected for recycling (48%) and 

incineration (50%).The treatment route that was more abundant in the waste collected for recycling is 

biological treatment (23% of total waste). However, the exact treatments that comprise biological 

treatment are not stated in the waste registration system. This could be a challenge when conducting 

further analysis of the system, as biological treatment can have various forms, and making assumptions 

for such a great fraction, can lead to large uncertainties in the model. 

The most abundant waste fractions recovered (covering approx. 25% of the total waste) are the 

following in descending order: garden waste, paper including newspapers and packaging paper, and 

wood.  

A rather large amount of waste (approx. 9% of total waste) is pretreated for recovery however; its 
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fate is not specified in the waste registration system.  

The most abundant fractions for the incineration flow (accounting for approx. 40% of total waste) are 

household general waste, and combustible waste in descending order. The precise composition of 

these fractions is not given by the waste registration system, as sampling campaigns would be needed 

to defined it. At this point, it is worth mentioning that a significant amount of recyclables could be 

present in those fractions and hence, it is important to estimate them when calculating recycling rates of 

specific material, or else recycling rates could be overestimated. This can be either done by sampling, 

or through literature reviews that could establish a range of the recycling fractions in the general and 

combustible waste. 

It can be noted that the mass balance of the system illustrated in Figure 2 is not complete, and 

stocks to the final available processes are used at this point. In order to be able to close the mass 

balance, the values for imports and exports are needed, as well as an estimation of the secondary 

waste and its fate. Information on the secondary waste was not presented in the waste registration 

website; therefore, they could not be analyzed. With the current information, the mass balance could 

only be completed by approximating the secondary waste, and the imports and exports based on 

information found in the literature. In the future, the MFA coverage could, as a first step, be improved 

though better tracking and data quality at least for the most abundant flows.  
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Figure 2. Preliminary material flow analysis of the primary household waste in Denmark in 2016. 
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3.3 MFA Perspectives 

Apart from using the MFA to identify abundant flows and to improve the waste registration process, 

the results could be also used as a transparent way of defining and presenting recycling rates. At this 

point of the analysis and the level of information in the registration system, the recycling rates can be 

calculated on a collection basis. However, in the light of the new EU directives EU 2018/851 and EU 

2018/852 on recycling rate reporting (EU,2018a; EU, 2018b) the analysis could be taken a step further 

by assigning sorting efficiency ranges based on literature. In this case, the results would give an 

estimate of the recycling rates after sorting. The next step would be to define ranges of efficiencies for 

reprocessing of materials that would at last give an estimate of the actual recycling rates.  

Moreover, the model, adjusted for covering the full fate of waste fractions in Denmark, could serve as 

a basis for an LCA of the overall waste management system. To decrease the uncertainty of the results, 

more information on where these processes take place is needed, which could be achieved through a 

more precise documentation of the waste flows in the registration system. 

Obtaining results of MFA, and LCA analysis for a national scale and not for singular fractions or per 

one ton of waste, can be an important tool for understanding the overall situation and defining the points 

that would lead to the most effective improvements with regards to management of resources and 

decreasing environmental impacts in the future. 

4. CONCLUSION 

A consistent MFA is the first step for getting a clear overview of a waste management system and 

the basis for further analysis that can support strategic planning. Representing the waste system and 

building an MFA from the waste statistics for the Danish household waste was proven to be challenging, 

due to the structure of the waste registration system. The key challenges were i) Inconsistencies 

between Danish and European treatment codes due to lack of closed combinations that allowed space 

for self-interpretation by the users. ii) Estimation of the secondary waste was not available and the mass 

balance was not closed. iii) Imports and exports of waste were not defined per sector but aggregated to 

the total waste from all sectors. This hinders the estimation of actual amounts of household waste that 

is treated in Denmark and abroad, as well as where this waste is treated. iv) The level of detail for the 

waste treatment could be a source to large uncertainties during further analysis (e.g. secondary waste 

estimation through literature, LCA).  

The most abundant treatment routes for household waste in Denmark was recycling and 

incineration. For recycling specifically, the most abundant route was biological treatment. The most 

abundant waste fractions for recovery were garden waste, paper including newspapers and packaging 

paper, and wood, and for incineration household general waste, and combustible waste.  

The imports, exports and secondary waste is necessary for closing the mass balance. In the future, 

better tracking of the most abundant flows could reduce the lack in coverage to a significant extent.  

The MFA results could be used as a basis for establishing the missing coverage through literature. 

Once the mass balance is complete, the results of the MFA could be used as basis for an LCA study, 

and for quantifying recycling rates based on the actual recycling amounts.  
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