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• Use of resources lead to: 
– Decreased resource availability
– Environmental deterioration due to material and energy perturbation

• Key to sustainability
– Enhancing efficiency of resource use and environmental protection 

through management of material and energy (sustainable material 
management)

• Evaluating the distribution and transformation of material and 
energy in an economic system (MFA)

Material & Energy
(fossil fuels, metals, 
ores, biomass, etc.)

Material & Energy
(products, emissions, 
wastes, etc.)

Bringezu, 2003.

Introduction
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The transport and distribution of materials/substances

Reference: Danish EPA
Paradigm for substance flow analysis
Reference: Danish EPA
Paradigm for substance flow analysis
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Scale of MFA
Scale Example Data Planning Material

Region Taiwan Aggregated 
information

Regional material planning; 
industrial structure; 
sustainable consumption

Sand & gravel, 
petroleum products, 
metal, renewable 
resource, waste

Sector Iron and 
steel 
industries

Information 
integration

Supply chain management;
eco-industrial park; 
benchmarking

Waste, water, 
industrial emissions

Process Chemical 
factory

Detailed 
information

Process optimization; 
clean production; 
technological and energy 
efficiency

Raw materials, fuel, 
power



Application to addressing environmental problems

source：European Environment Agency (2007) 

Environmental problem Substances or material
Climate change Fossil carbon, bulk materials (e.g. oil)
Ozone depletion Various substances (e.g. NOX, CFCs)
Eutrophication Nitrogen, food production
Acidification Sulphur, nitrogen
Toxification chemicals Metals, fuels
Resource depletion Non-renewable and renewable 

resources
Land destruction through mining Fossil fuel and metal
Waste management Waste
Equity between generations Total consumption
Equity between regions Total consumption
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MFA in the World
Country MFA experience
Austria Fiber, fertilizer, plastics, PCB, Zn, Ag, Pb, N
Denmark PBB, PBDE ,azocerite, dioxins, CFCs, Al, As, Cd, Cr, Co, Cu, 

Pb, Hg, Ni, Sn
Germany Environmental hormones, Pb, Cu, Cd, Al, N, P, Na, Cl, PVC
Netherlands Heavy metal, nutrients, chlorinated compounds, PVC
Norway Cr, As, Cu, Pb, Ni, Zn, dioxin, PBB, PBDE, nonylphenol
Sweden Cd, Cr, Cu, Pb, Hg, Ni, Zn, Sb, PBDE, PAHs, APA, DEHP, 

PFOS
Switzerland Cd, dioxins, furan, PBB, PBDE, halogenated solvents, metal & 

non-metal in the e-waste
Taiwan Steel, sand & gravel, fossil fuel, water resource, Cr, Cd, dioxin, 

PET, paper
Source：European Environment Agency (2007) 
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DioxinsDioxins Air

Plant

Soil

Water Body Sediment

Waste 
Incineration

35.77

Power/
Energy 

Generation
6.91

Vehicle fuel 
combustion

5.99
Other High 

Temperature 
Sources 1.36

locally 
produced

Uncontrolled 
Combustion

6.15

Metal 
recycling

32.24

Ferrous metal 
smelting/
refining
159.82

Chemical 
manufacturing

4.45

Bottom ash of 
Incinerator 

838.98

Leachat of 
Landfill 

0.000002

Nonferrous 
metal smelting/

refining
8.07

foods
1.78

trading 
activities

Import 
foods
0.57

Export 
foods
0.74

Slag of Electric 
furnace 1.16

217.90

Fly ash of 
Incinerator 

1249.70

6.58

13.17
18.36

0.000005

0.000109

1.27 0.02

Waste Incineration       2145.33

Power/Energy Generation      6.91

Vehicle fuel combustion        5.99

Other High Temperature Sources  1.36

Uncontrolled Combustion  6.15

Metal recycling                      32.24

Nonferrous metal smelting/refining   8.07

Ferrous metal smelting/refining 268.69

Chemical manufacturing           4.45
--------------------------------------

                                Total    2480.19

Soil

21.98

Cases of Application
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Electricity FlowElectricity Flow

水力發電, 3.4%

燃煤, 53.6%

燃油, 6.2%

燃氣, 18.4%

核能發

電, 16.7%

風力發

電, 0.2%

太陽光電, 0.0% 生質能, 0.2%
廢棄物能, 1.2%
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Hot material and substance
Category Material (substance) 

Bulk material
resource 

Biomass,  Fossil fuel, Aggregates, Ferro‐material, 

Elemental 
 resource
Nutrients of nitrogen and phosphorus, Aluminum, 

 copper, noble metals, carbon

Toxic substance Heavy metal, PCDDs, PCDFs, BFRs, POPs, VOCs, 
 Endocrine disruptor, pesticide, synthesized 

 chemicals

Aggregated 
 materials
Waste, electrical appliance, particulate matter, 

 plastics, paper

Database
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Theme database Relevant government agency Query term

Energy flow Bureau of Energy(能源局) Import, type, usage

Electrical appliance Ministry of economic affair(經濟部) Eco profile, RoHS

 

restricted substance 

 
content, composition

Wood and paper Council of agriculture(農委會) import ,production, 

Biomass Council of agriculture(農委會) Water content, heat value, carbon content

Metals Bureau of mine礦物局 Import, export, domestic, recycle 

Construction 

 
aggregate

Bureau of mine礦物局 Import, export, domestic, reuse 

Hazardous substance EPA(環保署) Mass, waste constituent, industry, facilities, 

 
treatment, destination, hazard

Emission factor EPA(環保署) Emission per unit production, consumption 

 
of raw material, fuel burned, pretax 

 
income. Control tech. 
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Toxics Release 
 Inventory

http://www.epa.gov/triexplorer/maps.htm
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Sustainable Europe Research Institute

http://www.materialflows.net/mfa/
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Eurostat

http://nui.epp.eurostat.ec.europa.eu/nui/show.do?dataset=env_ac_mfa
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Physical and economical accounting
Level of analysis Substances Material groups All material groups 

 and monetary flow

Products/
Firm

SFA Micro‐MFA 
LCA, MIPS 

Sectors SFA/EIO Meso‐MFA 
MFA of selected 

 sectors or activity 

 fields 

Integrated economic 

 and environmental 

 accounting 

PIOT  EIO‐LCA 
NAMEA 

Region/Nation Partial Macro‐

 MFA 
SFA 

SEEA Macro‐MFA 
Economy wide MFA 

Reference：Daniels and Moore(2002)Reference：Daniels and Moore(2002)

MFA Tools



National Taiwan University

Time series analysis

Source: 
World Resource Institute
Source: 
World Resource Institute

Total flow per capita(GDP)Total flow per capita(GDP) Comparison of over substance Comparison of over substance 

Demand over sectorsDemand over sectors Contribution of each useContribution of each use



Indicators 
Indicator 

 category
Indicator  Accounting rules

acronym Full name 

Import DMI
TMR 
HF

Direct Material Input
Total Material Requirement
Hidden flows

DMI=Domestic raw 

 materials+Imports
TMR =DMI+HF
HF=hidden flows domestic + 

 hidden flows from imports

Export DPO
DMO
TDO
TMO

Domestic Processed Output
Domestic Material Output
Total Domestic Output
Total Material Output

DPO=Emissions +Waste
DMO=DPO +Exports
TDO=DPO +hidden flows 

 domestic
TMO=TDO +Exports

Consumption DMC
TMC

Domestic Material 

 Consumption
Total Material Consumption

DMC=DMI‐Exports
TMC=TMR‐Exports‐hidden flows 

 exported

Balance NAS
PTB

Net Addition to Stock
Physical Trade Balance

NAS=DMI‐DPO‐Exports
PTB=Imports‐Exports

*In addition, balancing items have to be included:
On the input side – oxygen for the combustion of fuels and for the respiration of humans and livestock
On the output side – water vapour from the combustion of fuels and water vapour and CO2 from the respiration of humans and livestock

(EUROSTAT, 2001)(EUROSTAT, 2001)
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Dynamic material (substance) flow

Reference: Elshkaki(2007)Reference: Elshkaki(2007)
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Monetary Input‐output analysis & PIOT

• Derive environmental indicators 

 and impacts
• Predict environment impact 

 driven by the economy
• Analyze interrelationship 

 between sectors

Agriculture  Manufacturing  Service  … Intermediate 

 
demand

Final demand

Agriculture  Z11 Z12 Z13 Z1j Y1
Manufacturing  Z21 Z23 Z23 Z2j Y2
Service  Z31 Z32 Z33 Z3j Y3
… Zi1 Zi2 Zi3 Zjj Yj

Total input

Environmental impact due to 

 production and consumption
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Life cycle assessment
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Environmental risk assessment

Interflow between environmental 
compartment

Reference: CalTOXReference: CalTOX

Risk distribution
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GovernmentGovernment

AcademicAcademic IndustryIndustry

Industrial structure adjusting

Eco‐Industrial Park

Database building

Material management and policy

Data building

MFA‐based EMS
Supply chain management

Clean production

MFA execution

Systems analysis tools Integration

Database planning

Decision support system development

Outlook



Thanks for Listening
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