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Centre for Chain Analysisand Environm ent

• TNO & CM L

• com plicated life cycle studies for decision support

• eco-efficiency studies

• substance flow  analyses

= >  extensive study on land use and desiccation in LCA
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Possible issues at stake in m etal m ining

W ithin LCA:

• Resource depletion/com petition

• Land com petition

• Desiccation im pacts

• Noise and dust im pacts

• Fuel exhaust and other chem icals em ission im pacts

• Land occupation and -transform ation im pacts

• ?

Outside of LCA?

• Risk of accidents

• Im pacts on social & cultural structures

• ?
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W here to start im proving LCA form ining?

W ithin im pact assessm ent?

• Skip im pact categories?

• Add im pact categories?

• Change im pact indicators?

• Provide a m odel to sim plify interpretation?

W ithin the inventory?

• Com plete globaldata sets for all m etals?

• Im prove existing m ajor data sets?
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W hy im prove at all? 
Case: land use LCIA m ethod

* Discussion on existing m ethodology: 

-indicators

-reference level

*Integration of new  data:

-LCA speciesdensity data for m any land use types (Koellner)

-Global reference data on species density (Barthlottet al.)

-Global ecosystem -biom e-m odel data (Leem ans et al.)

* Global ecosystem  level factors proposed (W eidem a, 2001)

*Opportunity due to Delft Cluster (DC) program m e & RW S DW W
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Illustrating im provem ents w ith a land use LCIA

An LCIA developersdilem m a

1 Land com petition, land occupation or land transform ation?

2 W hich im pact indicators forbiodiversity & life support?

3 Include w hich reference state as baseline?

4 How  detailed regional differentiation? 

5 How  to attribute transform ation and renaturation?
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Ad 1: Including transform ation

Transform ation =  A x change in quality

Q uality indicator score

 
             B1     Transform ation

 A1  

C

   t1 Tim e             t2      t3
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Ad 2: W hich biodiversity indicators?

• Ecosystem  Occupation

EO =  A x t x SDi,refx ESix EVix EQi

• Ecosystem  Transform ation

ET =  A x ∆SDi,inix ESix EVix EQi

(for each biom e i)

-localplant speciesdiversity (SDi)

-global ecosystem  scarcity (ESi)

-global ecosystem  vulnerability (EVi)

-global ecosystem  quality (EQi)
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Ad 2: w hich biodiversity indicators? 

localspecies level

Occupation:

• SDi,ref=  1 -(Sact
0.01 / Sref

0.01)  

Transform ation:

• ∆SD =  1 -(Sfin0.01 / Sini0.01) 
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Ad 3: Occupation reference state

Occupation =  A x t x quality indicator

Occupation w ith AVERAGE reference

Q uality indicator score

C
O ccupation

B
                Reference

   t1 Tim e             t2
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Ad 3: Occupation reference state

Occupation =  A x t x quality indicator

Occupation w ith MAXIMUM reference

Q uality indicator score

B             Reference

O ccupation

C

   t1 Tim e             t2
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Ad 4: data collection for aggregate 
extraction

• Floron database: 

quantitative data on

plant species per km 2

• 5 types of aggregate,

7 types of indicator

• Expert judgem ents

from  Ark Foundation

on plant species per

0.1 km 2
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Ad 4: Globalim pact assessm ent data: 
species diversity (Barthlottet al.)
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Ad 4:Globalim pact 
assessm entdata: 

potential 

& 

actual

biom e area’s

(Leem ans et al.)
UIT IMAGE 2.1
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Ad 4:Consequence of no regional 
differentiation

Extraction Occupation SDxESxEV Factor increase 

(m 2.y/t) for2 regions in range

• Iron 0.11 2-6 93-278 15-140

• Uranium 0.1 – 4 2-6 130-174 22-87
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Ad 5: How  to attribute renaturation tim e?

Occupation during renaturation (w ith different m odelling horizonst3)

Q uality indicator score

B Average reference  

C Renaturation

      
O ccupation

   t1   Tim e      t2   t3
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Ad 5: How  to attribute renaturation tim e?

Occupation during renaturation (w ith different m odelling horizonst3)

Q uality indicator score

B Average reference  

C Renaturation

      
O ccupation

   t1   Tim e      t2         t3



Erw in Lindeijer: How  to im prove IA for m etal m ining in LCA? 18t

Ad 5: How  to attribute renaturation tim e?

Occupation during renaturation (w ith different m odelling horizonst3)

Quality indicator score

B Average reference  

C Renaturation

      
Occupation

   t1   Time      t2                     t3
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Ad 1,3,5: Case concrete outer w all:
results biodiversity 

Concrete - Normalized IA scores

-4,E-10

-2,E-10

0,E+00

2,E-10

4,E-10

6,E-10

TOat TOam TOmt TOmm TTt TTm

TO =  total occupation a =  average ref. t =  traditional (no renat)

TT =  total transform ation m  =  m axim um  ref. m  =  m odern (renaturation)

Uncertainty estim ates only for im pact assessm ent !
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Requirem ents of the m ethod for inventory data

• Separate occupation and transform ation

• Separate the renaturation part of occupation

• Differentiate at leastbetw een regionsin continents

• Uniform  and specific nom enclature: 

-Occup landuse_type [specif.] [region] m 2.y

-Renat landuse_type [specif.] class1-class2 [region] m 2.y

-Trans landuse_type [specif.] class1-class2 [region] m 2

-Trare landuse_type [specif.] class1-class2 [region] m 2

• Im plem entim pact assessm ent m ethod in softw are
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Specifying the original questions

• How  m uch im pact inform ation is desired, and by w hom ?

• How  far can and should m ining locations be specified?

• W hat precision is possible and desirable?

• W ho decides how  far to go, and w ho ensuresconsistency?
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Som e requirem ents for answ ers

• An overview  of m ajor use(r) groups

• Realise requirem entsof LCIA m ethods

• Realise lim itations of LCIA m ethods

• Steering the process of LCIA developm ent
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Conclusions

• M ining industry:

Understand im plicationsof LCA m ethodology

• LCA com m unity:

Understand policy issues 

Decide on including them

• UNEP Life Cycle Initiative:

Harm onisation or im provem ent ?

Priority setting procedure required

Help to build the bigger picture


