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2. Natural resources versus Raw Materials




Natural Environment:

European
Commission

-

Asset ef Natural Resources ~

Natural Resources

Primary Production

Raw Materials and
Primary_eneray Carriers

Manufacturing

Products and Services

End-use

Waste

End-of-Life:
energy and/or
material recovery or disposal

|

— Natural Resources:

Heterogeneous definitions:
- OECD:
-asset in nature,
-starting point econ. production
- EC 2005:
- Source and sink functions
(incl.ecosystem services)

Consequences of definition on:

— ‘Resource’ efficiency

— ‘Natural Resources’ as
‘Area of Protection’ or
‘safeguard subject’ in
Life Cycle Assessment (LCA)

7

Joint
Research

cente Sources: Dewulf et al., J. Ind. Ecol., 2015
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Asset of 3D Natural Resources:

lithosphere

soil and
sediments

minerals and materials

metal ores (incl. nuclear)
fossil fuels (conventional, unconventional )

geothermal

hydrosphere

freshwater

seawater

rain water

fresh underground water
fresh surface water (bulk)
freshwater biota (natural)
freshwater currents
marine water (bulk)
marine biota (natural)
marine elements (salts...)

marine currents

atmosphere

atmospheric gases (He, CO,...)

wind
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Asset of 2D Natural Resources:

terrestrial land surface” residential/industrial/Transport
infrastructure land

agricultural land
forestry land
natural land®
solar irradiation®

terrestrial biota (natural)

. . b
aquatic freshwater rivers and estuaries
surface

lakes and wetlands”
solar irradiation®
seawater surface sea surface (coastal, shelf, deep sea)b

solar irradiation®

Joint 9
Research

Centre Source: Dewulf et al., ES&T, 2015
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Asset of Natural Resources Raw Materials:

[ Natural Environment: ]

Natural Resources Heterogeneous definitions:
[ Primary Production \ - As they occur in the natural
—= —— environment, next to flow resources
. Raw Materials and ~ (EC 2005)
" ~Primary energy Carriers <
[ Manufacturing ] - Partially processed natural resources
(e.g., chemical, high-tech raw
Products and Services materials), also even processed
waste (e.g., scrap: so-called
End-use secondary raw materials)
(EC 2008)
Waste

— Need for common scope and
[ End-of-Life: ] understanding

energy and/or

material recovery or disposal 10

Joint
Research

Centre Source: Dewulf et al., J. Ind. Ecol., 2015
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Asset of Natural Resources Proposed definitions:

Natural Environment: ]

Primary:
Natural Resources - Raw Materials are result from
primary production processes:
Primary Production - Mmln_g
- Growing
. Raw Materials and. ™) - Harvesting
"' ~Primary energy Carrjers < - Refining
_ - Raw Materials are typical first
Manufacturing oy
market commodities

- Depending on future applications:

Products and Services _ [Primary] [nonenergy] Raw Mat.

- Primary energy carriers
End-use P Secondary: Waste:
S \)/ - Source of secondary materials or of
( waste, energy o
ST - Enters operations like:
energy and/or - Recycling/Downcycling
material recovery or disposal - Incineration

Joint
Research

e Source: Dewulf et al., J. Ind. Ecol., 2015
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Classification of primary raw materials:

ORIGIN OF RAW MATERIALS

RAW MATERIAL GROUP

H*

Terrestrial biomass (for material applications)

Aquatic biomass for food and material applications
Water (components)

Atmosphere
Fossil fuels (for material applications)

Metallic ores

Natural deposits of industrial minerals and construction materials

(o]

Agricultural raw materials
Forestry raw materials 12
Aquaculture raw materials
Freshwater raw materials

Raw materials from seawater
Raw Materials from atmosphere
Petroleum raw materials

Raw Materials from natural gas
Raw materials from non-convential fossil fuels (shale gas, oil
sands, methane hydrates, coal bed methane ...)

Ferrous metals raw materials
Non-Ferrous bulk/traditional metal raw materials

Non-Ferrous rare metal raw materials
Non-ferrous precious/high tech metal raw materials

Alkali metal raw materials

Construction minerals and mineral materials
Industrial minerals and mineral materials 11
Other

W g wwwN

A W OUIOo OO W

[EY

ORIGIN OF PRIMARY ENERGY CARRIERS

PRIMARY ENERGY CARRIER GROUP

Terrestrial biomass (for energy applications)

Aquatic biomass (for energy applications)
Flow resources (solar, water, wind and geothermal)

Fossils for energy applications

Energy crops

Forestry products (for energy)

Soil products

Aquaculture energy products

Solar based energy carriers
hydropower based energy carriers
Wind energy based energy carriers
Tidal energy based energy carriers
Geothermal based energy carriers
Coal and lignite energy carriers
Petroleum based energy carriers
Natural gas based energy carriers
Non-convential fossil based energy carriers (shale gas)

NPFPRPNWRPRRPNMNNWRRED

Nuclear energy metal ores Nuclear energy based energy carriers



3. Resource efficiency indicators
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- E.Ie-r?e:n-tgr! f ’ff’s Industrial system
7 ~
Natural —>
Natural | resources (NR) | Production system
2 I 1
environment {
| Emissions (EM) L Industrial
" \ ! resources (IR) T

,E.'.) zi.r.o_"f.'.ef .t.a.{ .I..’?f.aﬁss Useful outputs Waste-as-

3 or benefits (B) resources (WR)
.' Midpoint (MP) “
: » Emission-related (MPgy) :
: « Resource-related (MPyz) :
' Endpoint (EP) :
ko Natural resources (EPyg) : Consumption
[ Human health (EPyy) : system
1+ Environment (EPgyv) i
- Single score (EPss) i

N

Benefits

Resource efficiency =

Inputs/Burden/Impact

- Benefits: €? Kg? MJ?
- Inputs/Burden/Impact:
What? From where?
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A framework for Resource efficiency metrics:

on

Level 1 Level 2 (Eco-efficiency)
Resource efficiency at Emission efficiency at Resource efficiency at Emission efficiency at Overall efficiency at
envi £ t:lg I flows (natural, waste or flows (often the derived from the resource derived from the from both resource and
mdusztrial) reciprocal 15 used) flows emizsion flows emizzion flows
Gate-to-gate bengfits over benefitr aver bengfitz over bensfits over bengfitz over
perspective (kg) resources {kg) emizsions {ADP} impact {GWEP) impact single score impact
Micro-
scale Life bengfits over bengfits aver bengfitz over bensfits over bengfits aver
l:jl'.h. (kg resources (kg ) emizsions {(ADF) impact (WP impact single scare
Perspective in ljfe cyels i life cvele in Ijfe cyele in djfe cyele mmpact i ljfe cyele
l D tic GDF gver GDFP over GDF gver GDF gver EDF gver
. (kg domestic {kgl domestic domestic domestic domestic singls
M:-‘;" perspective extrasted rerources EmEETioNE {ADF) tmpact {GWE) mpact Score tpact
Global GDF over GDP over GDP over GDP over GOP aver
Perspecti (ke) global el lobal st lobal (ADF) impact Jobal (GIFP) ingpacs glohal sngle
pective extracted resources B TR glooa rrpas I ot scors impact

Joint
Research
Centre

Source: Huysman et al., RCR, 2015




4. Concerns to develop sustainable management

of raw materials
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Different concepts as a base for sustainable management:

Different
concepts/frameworks:

- They cover different
aspects

- They partially overlap
- Need for a consistent base

- Anthropogenic focus




Different concepts may lead to different prioritisation
of the policy interventions for resource efficiency

Contribution analysis

RECIPE Criticality

ssnmnns

DEV (MFA) Metal
Content (LCI)

» Zinc

® Tungsten
# Strontium
» Silver

= Selenium
u PGMs

» Nickel

® Lead
®iron

» Gold

® Fluorspar
® Copper

= Cobalt

# Chromium
® Cadmium
® Bauxite and other aluminium
W Arsenic

® Aluminium

Fig. 5. Contribution analysis of metal and mineral resources using different approaches: mass based accounting (in DEU) and in the life cycle inventory (considering metal
content); different LCIA methods (CML, EPS, RECIPE) and applying criticality assessment factors (CRM) (year 2010).

Differences in the relative importance of the resouces extracted in Europe over
the overall «impact» assessed (being economic/ strategic etc)

18
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An underlying framework for sustainable management of

raw materials:

- Based on 10 sustainability
concerns

- Organised into
4 Areas of Concern:
- Economic
- Technical
- Environmental
- Social/societal

Sustainable
Production and
Supply of Raw
Materials and
Primary Energy

Carriers

>
=
o)
T
+—
v
—
Q
s
[
4]

Joint
Research

i Source: Dewulf et al., J. Ind. Ecol., 2015




5. Conclusions
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- Need for all stakeholders to have a common understanding:
- Governmental organisations
e.g. ‘Resource Efficient Europe’ flagship
- Non-Governmental organisations
e.g. Factor 10 institute: energy and resource productivity
- Business sector
e.g. WBSCD: ‘Enhancing energy and resource efficiency’

- Dialogue could take advantage of:
- Internationally agreed definitions
e.g. Natural Resources, Raw Materials, Resource efficiency
- Internationally agreed assessment methods
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