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Circular Economy Research Center(CERC)1 of the École des Ponts Business School has signed a firm 

commitment under the European Scheme2 Pact for Skills and joined forces by taking concrete actions 

in supporting the upskilling and reskilling process of the workforce in Europe. Circular Economy will 

require several tools and instruments that will become enablers for a sustainable transition from the 

linear model. One of these instruments is Material Flow Analysis which is discussed below as well as 

the importance of fusing such concepts into the upskilling and re-skilling process.  

What is MFA 
For a Circular Economy, no resource should be wasted. We must continue to use them in circular loop 

without having to extract more from mother earth. However, it becomes all the more important to 

first know where these resources are currently deployed and how are we using them to prevent them 

from getting wasted. This is why we need accounting methods like the Material Flow Analysis (MFA).  

It is a quantitative material accounting practice where the flows of materials throughout the economy 

are mapped. It allows for managing the materials efficiently and helps to find ways of reducing the 

environmental impact and costs of materials. In simple words, what materials are extracted and 

imported into the system, what is consumed, what fractions are exported and what output is 

generated in terms of waste. The fundamental 

principle here is the law of conservation of 

mass, meaning whatever mass of material is 

fed to a system as input, equivalent quantities 

will be generated as output in the form of 

waste and/or consumed materials .  

MFA is often visualized with a Sankey diagram 

where the width of the diagram is proportional 

to the flow rate. A hypothetical illustration of 

plastic manufacturing is shown in figure 1.  

 Steps in MFA 
There are various ways to do an MFA study. Broadly speaking, three stages common to any MFA 

analysis are defining the scope of analysis, data collection and drawing the insights.  

1. Defining the scope 
The scope of analysis depends on the objective of the analysis, the purpose for which one conducts 

MFA. It is often defined in terms of space and time scales. Space here can be an entire economy 

(global), a region or even a single company. Furthermore, the materials boundaries can also be 

 
1 https://pontsbschool.com/faculty-research/circular-economy-research-center-cerc/ 
2 https://ec.europa.eu/social/main.jsp?catId=1517&langId=en 

Figure 1: MFA Illustration (Input) 

https://pontsbschool.com/faculty-research/circular-economy-research-center-cerc/


different ranging from broader categories like metals, minerals, biomass, energy to more specific 

materials like plastics to products like lead acid- batteries, etc. The time scale can either be static or 

dynamic in nature. For example, one can map materials for a year say 2020 which is statically 

deterministic or alternatively space it for a longer cohort from 2000-2060 and predict the outflow of 

materials in the future dynamically. Often there are unknow variables and data gaps for which 

probabilistic distribution approaches are adopted.  

2. Data Collection 

Data collection is a daunting task. Depending on the space boundaries, one needs to collect regional, 

national or even global data. The most common approaches of data collection are top-down and 

bottom-up approach. Let’s take the example of a municipality as space to understand this better. The 

top-down data in this case flows in from the statistics records of the municipality and the bottom-up 

is collected from regional stakeholders. This information is gathered in different ways. For instance, 

one can conduct on-site surveys to map the quantities and/or collaborate with stakeholders for 

interviews and filling questionnaires. Furthermore, the inventory needs to outline the amounts and 

lifetime in each phase of the materials.  

3. Drawing the insights:     

Often the last stage of the analysis is to draw the insights and visualize them. One of the prime aims 

of such an analysis is the identification of Hotspots. In other words where the maximum resources are 

consumed and what waste streams are generated which are then optimized. Insights can answer 

pressing questions like what governs resource intensity and how to minimize it? For instance, for 

textile industry the insights could be identification of hazardous waste and the use of fossil fuel as the 

major environmental burden. Based on the insights, recommendations are suggested to reduce the 

impact, for example, reuse of leftover fabric and use of renewable energy sources.  

How is CE enabled by MFA 
The first step to go circular is to have a baseline calculation of where we stand in terms of the resources 

we are currently using. What are the quantities and types of materials we are extracting from the 

earth and how much energy goes into processing them into products. This is exactly what one can 

achieve with MFA. Broadly speaking there are three goals to achieve:  

- Goal 1: Estimate the quantities of waste generation 

MFA is conducted to minimize the waste flows and utilize the existing materials to their highest 

value which contributes to the building of CE. The first step in this direction is to map what waste 

is generated in terms of the quantities of waste and the type of waste. Thereafter one also needs 

to investigate how this waste is treated, what percentage is recycled, reused, landfilled or 

incinerated. The analysis made in this stage feed as input for achieving goal 2.  

To understand this better, let us take the example of the DGTL festival, Amsterdam which is It is a 

festival organized to test innovative circular models and technologies to close the material loops. 

In 2017, DGTL conducted a Material Flow Analysis and mapped the waste streams. In 2018 (figure 

2), they reported “things that went well” as the savings they made by reducing the waste of 2017 

for instance they made sure that 86% of the construction waste is reduced in 2018 compared to 

2017, the compost is used by urban farmers, etc. 

https://community.materialtrader.com/4-circularity-lessons-learned-from-dgtl-festival/


 

 

 

- Goal 2: Identify hotspot materials 
Hotspot materials can be defined in different ways depending on the scope of the analysis, for 

instance, materials with maximum environmental impact, finite materials like rare earth metals, 

etc. These materials are crucial in optimizing the circular loop either by reintroducing them in the 

use cycle (discussed in next section) or by reducing their use fractions or replacing them with more 

circular alternatives.  

 

Let us look at few examples where MFA was conducted to identify hotspot materials at City level.  

For example, the Amsterdam’s Circle City Scan as shown in figure 3 was done to identify circular 

impact areas for the city of Amsterdam. Resource input such as water, energy, minerals and 

metals were mapped from various industrial sectors with outputs of the sectors. Similarly, the 

metabolic analysis and circular economy strategies for Almaty, Kazakhstan as shown in figure 4, 

used MFA covering minerals, water, metals, biomass, fossil fuels and energy to assist stakeholders 

identifying the circular opportunities in the region.  

Figure 2: DGTL’s Material Flow Analysis 

Figure 3: Amsterdam’s Circular City Scan 
Figure  4: Metabolic analysis and circular economy strategies for 
Almaty, Kazakhstan 

https://journey.circle-economy.com/circularamsterdam#161090
https://www.shiftingparadigms.nl/projects/almaty/


 

 

 

- Goal 3: Develop planning strategies to reduce environmental burden 

Knowing which waste streams are generated and how waste is treated, recovery plans can be 

made to further extract value from the waste by using principles of CE as outlined by Ellen 

Macarthur foundation. The first principle is to design out waste and pollution. Having identified 

which resources are translated to waste at the end of design life, one can focus on designing future 

systems which utilizes these wate and pollution as valuable resources. The second principle is to 

keep products and materials in use. Once hotspot materials are identified which have the highest 

environmental burden, these materials should be used for as long as possible. Similarly, high 

impact products should be designed for a longer service life and maintained well throughout their 

use.  In the MFA plot (figure 2), they were able to successfully identify “impact hotspots” with 

potentials to improve such as reducing demolition waste, preventing downcycling of building 

materials, etc. 

MFA, a skill for an effective transition 

Material flow analysis is a tool to enable circular economy (CE), but it is not as popular as Life Cycle 

Assessments (LCA). Given that MFA is one of the fundamental tools to quantify resource flows, it is 

imperative to advance the knowledge and application of MFA as an instrument. There is a good 

traction for upskilling and re-skilling the people to fill the skill gap in different sectors though initiatives 

like the Blueprint which focuses on Sectoral Skills Strategy, however, a tool like MFA can be applied 

across sectors and therefore needs to be very well understood by different practitioners and 

stakeholders. But how can MFA knowledge be enhanced throughout different sectors? This requires 

collaboration on different levels. For instance, collecting sector specific good practices where MFA 

was used to improve material efficiency and close material loops; designing courses and workshops 

to raise awareness on the scope and application of MFA addressing the prevailing gap; including it in 

the regular VET programmes on tools for CE. Etc. On the application front, MFA can be incorporated 

in the non-financial reporting of organizations to make their operations more circular. Additionally 

online platforms can be created for flow accounting where its easy and convenient to identify for 

example hotspot materials.  Moreover, in addition to the input- output methods, MFA can be 

combined with Life Cycle Assessment (LCA) which can accurately calculate embodied carbon or carbon 

emissions. MFA can also be combined with environmental life cycle costing, eco-balancing methods, 

to advance and detail the insights. 

There is critical value to extract and expertise to be built from the further cultivation of knowledge 

and skills development from such existing models and practises which need to be brought forward 

and in the epicentre of formal and non-formal education activities. Circular Economy needs a boost in 

skills, education, and awareness in order to effectively initiate the transition process. Not all 

knowledge required is new, since considerable knowledge exist, however its link with Circular 

Economy needs to be made more explicit hence the role of all the education establishments such ours 

and the commitments to be made in fostering the education push in accelerating the transition.  
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