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Increasing global material consumption

+151%

+133%

+331%

+233%

Source: UNEP, 2017



Europe is the largest importer of materials

Source: UNEP, 2016
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Mining conflicts
DeforestationWater pollution

Global impacts of European consumption

Land cover change
Water scarcity

Source: own illustration

Vorführender
Präsentationsnotizen
Our consumption in Europe causes environmental and social impacts all over the world – we are leaving a global footprint. Many of the impacts relate to the extraction of raw materials, such as deforestation in tropical regions, increased water scarcity due to irrigation or violent conflicts related to mining activities. We urgently need to reduce our global impacts in order to realize a sustainable economy and lifestyles that respect the planetary boundaries. To achieve this, we need to know, which consumption areas, supply chains and raw materials are causing the various impacts. However, existing footprint models fail to assess these impacts properly. 
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Impacts depend on specific location

Chile: 
Copper mining

Brazil:
Soybean production

Source: own illustration

Vorführender
Präsentationsnotizen
The starting point for the project is that a lot of advancements have been achieved in global footprint modelling, but the existing models still fail to assess the various impacts properly. The main reason is that current models operate only on the national level. But the environmental and social conditions within producing countries vary significantly. I want to illustrate this using two examples from South America. Brazil is major producer and exporter of feed such as soybeans. And the impacts, for example on biodiversity, are completely different, depending on whether the production takes place in the traditional agricultural areas in Southern Brazil or in recently deforested areas in the Amazon. Also in Chile, the impacts of copper mining on, for example, water scarcity differ strongly, whether mining takes place in the very dry Atacama dessert in the North or the more temperate regions in the South. And these regional differences we find in extraction countries all around the world. So sticking to average impact data on the national level, as existing footprint models do, leads to significant over- or underestimations of the actual impacts of the raw materials which serve our consumption. 



Spatially-explicit footprints: state of the art

Source: Moran and Kanemoto, 2016

Map of PM10 footprint of the USA, 2008



Spatially-explicit footprints: state of the art

Source: Godar et al., 2015

Global soy consumption from different Brazilian biomes, 2001–2011



ERC Consolidator Grant: ‘FINEPRINT’

 Spatially explicit material footprints: fine-scale assessment 
of Europe’s global environmental and social impacts

 July 2017 – June 2022

 Team of 7-8 researchers

 Budget of 2 million Euro

Vorführender
Präsentationsnotizen
In my group, we have several lines of future research, but I want to focus here on the main project, which we will realise in the coming years, which is the ERC Grant FINEPRINT. 



Key innovations

 Spatially explicit, global footprint model to trace material 
flows and related impacts

 At least 60 raw materials on a world-wide scale

 Linking volumes/pressures and impacts, including 
 Biodiversity
 Deforestation
 Water scarcity, …
 Violent conflicts, …

Vorführender
Präsentationsnotizen
The FINEPRINT project will overcome the current limitations of footprint models. To achieve this, I will build on 15 years of experience in the area of global material flow analysis and material footprinting. I am therefore in a unique position to make a major step forward and move the analysis from the national to a detailed spatial level. I will develop a spatially explicit footprint model, which for the first time allows tracing products consumed in European countries back to the precise geographical location where specific environmental and social impacts take place. The assessment will be carried out for at least 60 raw materials on a global scale, covering biomass from agriculture, fossil fuels, metal ores and industrial minerals. This is very ambitious and challenging, because FINEPRINT integrates various research fields, such as geospatial assessments, transport and trade analyses and economic input-output modelling. But this integration will allow me to realise an urgently needed conceptual advancement in sustainability research, which is to link the volumes of material consumption with specific impacts on ecosystems and societies. 
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Project structure

Consumption

Work Package 3

Production

Work Package 1

Trade

Work Package 2

Vorführender
Präsentationsnotizen
The project will be implemented through three work packages, which follow the logic of footprint calculations. Work package 1 focuses on the production – or territorial – perspective. Work package 2 turns to the issue of international trade of raw materials. And work package 3 will perform assessments from the consumption, or footprint, perspective.  



Step 3: Spatial analysis of 
raw material extraction 

and related impacts

Pilot multi-layer map of South Africa

Step 1: Mapping of 
biomass extraction

Wheat, sugar cane 
& grape cultivation

Step 2: Mapping of 
fossil fuel and mineral 

resource extraction

Mineral mines Violent conflicts

Protected areas

Spatial distribution of material extraction

Vorführender
Präsentationsnotizen
In Work Package 1, we will for the first time analyse the extraction of around 60 biotic and abiotic raw materials on a detailed grid cell level. I show here a pilot map that we produced for another major resource extraction country, South Africa. For this mapping, we can use, for example, global crop maps for the case of biomass or mine-specific databases for fossil fuels and metal ores. These extraction maps will then be linked with environmental and social data sets on the same detailed level, for example, on natural protection areas or on violent conflicts. By performing multi-layer analysis we will assess hot spot regions with high impacts related to the extraction of specific raw materials. For example, in the North Eastern provinces of South Africa, we can observe a high occurrence of mining activities within protected areas.  



Data availability: spatially-explicit material extraction

Model Number of crops
Time 

series

MIRCA 

2000

26 irrigated + 26 rainfed + 

2 types of “other crops” 
2000

SPAM 20 crops + “other crops” 2000

GAEZ
21 crops + “other cereals” 

+ “forages” 

2000 

2005  

2010

M3 175 crops 2000

Biomass extraction Extraction of fossil fuels and minerals

Database No. 
sites Reported commodities Time series

Metals Minerals Fossils

USGS 3,400 29 52 3 2003-2008

SNL 
Metals & 
Mining

36,000 21 4 1 Annual since 
2000

Mining 
Atlas 13,000 30 9 2 Most recent year 

available

Model Number of fishing areas
Time 

series

FAO
322 (Maritime)

982 (Inland)
2000



Data availability: Impacts

Impact category Name of data set Institution Level of detail Time series

Water scarcity Water stress index ETH Zurich > 11,000 watersheds 2000-2010

Biodiversity
Species occurrence Global Biodiversity 

Information Facility > 565m occurrences 10-years steps 
1900-2010

Red List of Threatened 
Species IUCN > 73,600 species 2000 – 2016

Protected natural 
areas

World Database on Protected 
Areas IUCN and UNEP > 237,000 areas Year of 

designation

Deforestation Global Forest Change University of Maryland 30 meter grids 2000-2015

Environmental 
conflicts Environmental Justice Atlas Environmental Justice 

Organisation > 1,600 cases Year of conflict

Armed conflicts ACLED Version 6 Armed Conflict Location and 
Event Data Project (ACLED) > 118,000 events 1997-2016

Children malnutrition
Global Subnational 
Prevalence of Child 
Malnutrition

Socioeconomic Data and 
Applications Center (SEDAC) Quarter-degree grid 1990-2002



Multi-layer analyses  patterns of materials & impacts



Spatially-explicit, multi-regional material flow model

Spatial distribution of 
global raw material 

extraction and impacts

South Africa

China

Germany

Spatially explicit, 
multi-regional material 

flow model

Fine-scale material 
footprint and related 

impacts

Source: own illustration

Integration with MRIO model

Vorführender
Präsentationsnotizen
So in FINEPRINT, we will overcome the current limitations by developing a spatially explicit, multi-regional material flow model. We will start with analysing the extraction of raw materials on a detailed grid cell level. I show here a pilot map that we produced for South Africa. The maps illustrating the extraction of biomass, fossil fuels and minerals will be linked with environmental and social data sets on the same detailed level, for example, on natural protection areas or on violent conflicts. By performing multi-layer analysis we will assess hot spot regions with high impacts related to the extraction of specific raw materials. We will then develop a spatially explicit material flow model. The model will allow us to trace the flow of raw materials and the related impacts from the extraction regions all along the international supply chains to the country of final consumption. This will allow us to perform the first fine-scale assessments of Europe’s global material footprint. The FINEPRINT method will also allow comparing the various environmental and social impacts across different supply chains and thus help identifying options on how these impacts can be reduced.  



Selected challenges and risks (and possible solutions)

 Limited data availability on the global level
 Modular approach (detailed statistical data vs. estimation 

models, e.g. transportation model; maritime trade model)
 Limit number of countries and time periods 

 Heterogeneity of data / conflicting data
 Cross-check e.g. national versus sub-national data
 Prioritising primary data sources by quality criteria
 Using balancing techniques (e.g. RAS for trade data) 
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Fine-scale footprints and related impacts

Water scarcity

Mining conflicts
Deforestation

Vorführender
Präsentationsnotizen
This new method will deliver a very powerful empirical basis to address key sustainability questions related to our material consumption. For example: Is European consumption of textiles contributing to water scarcity in cotton-producing regions? And if yes, which alternative supply chains have a significantly lower negative impact on local water resources? Do our electronic devices contain metal ores from extraction regions with mining conflicts? Or positively: from which regions should initiatives of fair electronic products obtain their metal ores, in order to ensure that they are conflict-free? So FINEPRINT will deliver a unique assessment method to compare the impacts across different supply chains and to establish raw material-specific bench-marks for a range of impacts. 



Applications beyond the project

 Research: empirical basis to address a wide range of sustainability-
related questions
 Industrial ecology: fine-scale material flow assessments; impact footprints
 Ecological economics: socio-economic implications of specific material 

extraction and consumption patterns
 Economic geography: spatial patterns of material and trade flows
 Political ecology: environmental justice; resource fairness

 Policy making: global hot-spots of impacts related to EU material 
consumption  targeted policy measures
 EU Resource efficiency & Circular Economy
 SDGs: Sustainable Production and Consumption, …



Thank you very much for your attention!



Assessment procedure: from extraction to footprints
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