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A critical review of material flow analysis MFA
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Abstract Material Flow Analysis MFA is a direct and useful tool for studying circular economy and sustainable
development. At present the study and practice of MFA have been spreading in some developed countries and are just
beginning in China. In general MFA can be applied at three levels economy-wide at the sector level and at the product
level. This article comprehensively introduces the definition of MFA and explains its difference from the study of resource
flows in natural ecosystems. The paper fully reviews the history of MFA and discribes its theoretical fundamentals main
viewpoints research routes and framework. The most widely used categories of indicators and the analytic methods by which
they are employed in MFA are presented in detail and compared. The significance of the research the status of the indicator
system and the methodology of MFA in environmental economics are evaluated objectively. MFA indicators can be used to
characterize or improve the knewledge of the input storage and reclamation of resources and the processes of waste
generation and recycling. A MFA-based index system for assessing the circular economy and sustainable development can be

established as well. Some weaknesses in MFA are also analysed including 1 the lack of transparency in the relation
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between MFA and its environment impacts 2 MFA%s dependence on assessment of the total material flow through the
boundary between the environmental and economic systems thereby leaving research objects such as economic systems and
industrial sectors as a " black box" 3 the slow progress of MFA research in small scale regions and 4 the
questionable significance of treating TMR as total material flow because of the uncertainty of hidden flow coefficient.
Moreover the application of MFA at different levels of MFA was also explored and assessed in detail. Finally research
needs in MFA in relevant fields are discussed. These include 1 futher understanding and elaboration of the
environmental economic and social significance and value of MFA results 2 combination with land use analysis through

a bridge such as " ecological footprint EF " 3 exploration of input-output analysis in combination with monetary input-

output tables MIOTs 4 further study of hidden flows and their coefficient needs efforts from all over the world.
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Table 1 Indicators of MFA and their calculating formulae

Indicators

Calculate formulae

1.
Material input indices

2.

Material output indices

3.

Material consumption indices

4.

Balance indices

5.

Intensity and efficiency indices

6.

Comprehensive indices

1 = +

Direct material input = Domestic material extraction + Import

2 = +
Total domestic material input = Direct material input + Domestic hidden flow
3 = +
Total material requirement = Total domestic material input + Hidden flow of imput material
4 = +
Direct material output = Domestic material output + Export
5 = +
Total domestic material output = Domestic material output + Domestic hidden flow
6 = +
Total material output = Total domestic material output + Export
7 = -
Domestic material consumption = Direct material input — Import
8 = -
Total material consumption = Total material requirement — Export and its hidden flow
9 =
Net addition of material stock = Net addition of stockpile material
10 = -
Material trade balance = Import — Export
11 = L
= +GDP
Material consumption intensity = Total material consumption + Total population
or Material consumption intensity = Total material consumption + GDP
13 =GDP +
Material productivity = GDP + Domestic material consumption
14 = +GDP
Castoff produce rate = Castoff produce + GDP
15 = -
Decoupling factor = Increase speed of economy — Increase speed of material consumption
16 = -

Elastic coefficient = Increase speed of material consumption + Increase speed of economy
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Dematerialization
4
Excel Umberto Gabi °  Microsoft
Excel ® Microsft Office ®
MFA Umberto
Institute for Energy and Environmental Heidelberg Ltd. IFEU
Institute for Environmental Informatics Hamburg Ltd. IFU
1994 Umberto 5.0 www. umberto. de/engllish/
Gabi Institute for Polymer Testing and Polymer
Science IKP at the University of Stuttgart Gesellschaft mit beschrankter Haftung PE
Europe GmbH 1992
Gabi 4.0 www. gabi-software. com 3
2
2 Excel Gabi  Umberto 5
Table 2 Comparison of the suitability of Excel Gabi and Umberto for MFA
Excel Gabi 4 Umberto 5
Installation guide + + +
User manual + + +
On-line help + + +
Operating system Microsoft Windows Mac OS Microsoft Windows Microsoft Windows
. ol /s /o
Anguages severa German/ English/ Japanese German/ English/ Japanese
User friendliness + + +
Support + + +
Stability + + +
Trial version - + +
Speed +/ - + +/ =
Programmability + - +
/
Data import/export + +/ - +
Static simulation + + +
Dynamic simulation + +/ - +
Uncertainties +/ - + +/ -
Sensitivity analysis +/ = + -
Monte Carlo Wy .
Monte Carlo error simulation
MFA /
+ +/ - +/ -

MFA terminology/ methodology

+ good +/ - average — not available
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