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1.‌ ‌Our‌ ‌Statement‌ ‌ 

Information‌ ‌contained‌ ‌in‌ ‌this‌ ‌report‌ ‌has‌ ‌been‌ ‌compiled‌ ‌from‌ ‌and/or‌ ‌computed‌ ‌from‌‌                       

sources‌ ‌believed‌‌to‌‌be‌‌credible.‌‌Application‌‌of‌‌the‌‌data‌‌is‌‌strictly‌‌at‌‌the‌‌discretion‌‌and‌‌the‌‌                               

responsibility‌ ‌of‌ ‌the‌ ‌reader.‌ ‌Minviro‌ ‌is‌ ‌not‌ ‌liable‌ ‌for‌ ‌any‌ ‌loss‌ ‌or‌‌damage‌‌arising‌‌from‌‌the‌‌                               

use‌ ‌of‌ ‌the‌ ‌information‌ ‌in‌ ‌this‌ ‌document.‌ ‌ 

Life‌ ‌Cycle‌ ‌Assessment‌ ‌(LCA)‌ ‌is‌ ‌an‌ ‌environmental‌‌accounting‌‌tool‌‌with‌‌an‌‌inherent‌‌level‌‌of‌‌                           

uncertainty,‌ ‌and‌ ‌it‌ ‌should‌ ‌not‌ ‌be‌ ‌seen‌ ‌as‌ ‌having‌ ‌the‌ ‌same‌ ‌level‌ ‌of‌ ‌precision‌ ‌as‌ ‌financial‌‌                               

accounting.‌‌LCA‌‌requires‌‌a‌‌very‌‌large‌‌amount‌‌of‌‌data,‌‌particularly‌‌to‌‌calculate‌‌all‌‌the‌‌inputs‌‌                             

and‌‌outputs‌‌for‌‌every‌‌step.‌‌Databases‌‌are‌‌often‌‌used‌‌since‌‌it‌‌is‌‌impractical‌‌to‌‌collect‌‌all‌‌the‌‌                                 

necessary‌ ‌data‌ ‌from‌ ‌original‌ ‌sources‌ ‌(e.g.‌ ‌it‌ ‌is‌‌impossible‌‌to‌‌get‌‌data‌‌from‌‌all‌‌the‌‌specific‌‌                               

electricity‌ ‌plants‌ ‌from‌ ‌which‌ ‌electricity‌ ‌was‌ ‌sourced).‌ ‌ 

The‌‌report‌‌does‌‌not‌‌claim‌‌to‌‌be‌‌exhaustive,‌‌nor‌‌does‌‌it‌‌claim‌‌to‌‌cover‌‌all‌‌relevant‌‌products.‌‌                                 

While‌ ‌steps‌ ‌have‌ ‌been‌ ‌taken‌ ‌to‌ ‌ensure‌ ‌accuracy,‌ ‌the‌ ‌listing‌ ‌or‌ ‌featuring‌ ‌of‌ ‌a‌ ‌particular‌‌                             

product‌ ‌or‌ ‌company‌ ‌does‌ ‌not‌ ‌constitute‌ ‌an‌ ‌endorsement‌ ‌by‌ ‌Minviro.‌ ‌This‌ ‌material‌ ‌is‌‌                         

copyrighted.‌ ‌It‌ ‌may‌ ‌be‌ ‌reproduced‌ ‌free‌ ‌of‌ ‌charge,‌ ‌subject‌ ‌to‌ ‌the‌ ‌material‌‌being‌‌accurate‌‌                           

and‌‌not‌‌used‌‌in‌‌misleading‌‌context.‌‌The‌‌source‌‌of‌‌the‌‌material‌‌must‌‌be‌‌identified,‌‌and‌‌the‌‌                               

copyright‌ ‌status‌ ‌acknowledged.‌ ‌ 

‌ 

Leading‌ ‌Edge‌ ‌Materials‌ ‌Corp.‌ ‌commissioned‌ ‌Minviro‌ ‌Ltd‌‌as‌‌LCA‌‌practitioner‌‌in‌‌December‌‌                       

2020,‌ ‌to‌ ‌complete‌ ‌a‌ ‌Life‌ ‌Cycle‌ ‌Assessment‌‌on‌‌the‌‌production‌‌of‌‌coated‌‌spherical‌‌purified‌‌                           

graphite‌ ‌(“CSPG”)‌ ‌and‌ ‌micronized‌ ‌graphite‌ ‌products.‌‌ ‌  

The‌‌LCA‌‌was‌‌conducted‌‌using‌‌the‌‌best‌‌available‌‌data.‌‌The‌‌intended‌‌application‌‌of‌‌this‌‌LCA‌‌                             

study‌ ‌is‌ ‌to‌‌assist‌‌in‌‌project‌‌and‌‌product‌‌development‌‌and‌‌improvement,‌‌demonstrate‌‌the‌‌                         

environmental‌ ‌benefits‌ ‌versus‌ ‌current‌ ‌supply‌ ‌and‌ ‌in‌ ‌strategic‌ ‌planning‌ ‌for‌ ‌Leading‌ ‌Edge‌‌                       

Materials‌ ‌Corp.‌ ‌ 
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2.‌ ‌Executive‌ ‌Summary‌ ‌ 

Minviro‌ ‌was‌ ‌appointed‌ ‌by‌ ‌Leading‌ ‌Edge‌ ‌Materials‌ ‌Corp‌ ‌(LEM)‌‌to‌‌conduct‌‌a‌‌cradle-to-gate‌‌                         

Life‌ ‌Cycle‌ ‌Assessment‌ ‌(LCA)‌‌to‌‌produce‌‌coated‌‌spherical‌‌purified‌‌graphite‌‌(CSPG),‌‌used‌‌as‌‌                         

the‌ ‌active‌ ‌anode‌ ‌material‌ ‌in‌ ‌lithium-ion‌ ‌batteries,‌‌and‌‌micronized‌‌graphite‌‌(MG)‌‌products‌‌                       

from‌ ‌natural‌ ‌flake‌ ‌graphite.‌ ‌The‌ ‌life‌ ‌cycle‌ ‌impact‌ ‌of‌ ‌producing‌ ‌1‌ ‌kilogram‌ ‌of‌ ‌CSPG‌ ‌from‌‌                             

natural‌ ‌flake‌ ‌graphite‌ ‌from‌ ‌natural‌ ‌resources‌ ‌has‌ ‌been‌ ‌evaluated,‌ ‌whilst‌ ‌simultaneously‌‌                     

evaluating‌ ‌the‌ ‌life‌ ‌cycle‌ ‌impact‌ ‌of‌ ‌the‌ ‌production‌ ‌of‌ ‌micronized‌ ‌graphite‌ ‌co-products.‌‌                       

Economic‌ ‌allocation‌ ‌has‌ ‌been‌ ‌used‌ ‌to‌ ‌split‌ ‌the‌ ‌life‌ ‌cycle‌ ‌impact‌ ‌between‌ ‌the‌ ‌two‌ ‌products.‌ ‌ 

The‌ ‌project‌ ‌consists‌ ‌of‌ ‌a‌ ‌mine,‌ ‌concentrator‌ ‌and‌ ‌upgrade‌ ‌plant,‌ ‌which‌ ‌are‌ ‌all‌ ‌located‌ ‌in‌‌                             

Central‌ ‌Sweden.‌ ‌The‌ ‌impact‌ ‌categories‌ ‌investigated‌‌in‌‌this‌‌LCA‌‌study‌‌are‌‌Global‌‌Warming‌‌                         

Potential,‌ ‌Acidification‌ ‌Potential,‌ ‌Eutrophication‌ ‌Potential‌ ‌(Freshwater,‌ ‌Terrestrial‌ ‌and‌‌               

Marine‌ ‌environmental‌ ‌compartments),‌ ‌Disease‌ ‌Incidences‌ ‌and‌ ‌Water‌ ‌Use.‌ ‌The‌ ‌results‌ ‌of‌‌                     

the‌ ‌LCA‌ ‌study‌ ‌are‌ ‌shown‌ ‌in‌ ‌Table‌ ‌1.‌ ‌ 

The‌ ‌project‌ ‌was‌ ‌benchmarked‌ ‌against‌ ‌the‌ ‌production‌ ‌of‌ ‌CSPG‌ ‌via‌ ‌natural‌ ‌and‌ ‌synthetic‌‌                         

production‌‌routes‌‌located‌‌in‌‌Guangdong‌‌and‌‌Heilongjiang‌‌Provinces,‌‌China.‌‌The‌‌results‌‌of‌‌                       

the‌ ‌benchmarking‌ ‌exercise‌ ‌are‌ ‌detailed‌ ‌in‌ ‌Table‌ ‌2‌ ‌and‌ ‌3.‌‌ ‌  

 ‌Table‌ ‌1:‌ ‌Overall‌ ‌LCIA‌ ‌Results‌ ‌per‌ ‌Impact‌ ‌Category‌ ‌for‌ ‌the‌ ‌Production‌ ‌of‌ ‌1‌ ‌kg‌ ‌of‌ ‌CSPG‌  ‌and‌ ‌Micronized‌ ‌Graphite.‌..‌ ‌ 

‌ 
‌ 

‌ 
‌ 
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Impact‌ ‌Category‌ ‌ 
Total‌ ‌Value‌ ‌ 

CSPG‌ ‌ 
Total‌ ‌Value‌‌ ‌  

MG‌ ‌  Units‌‌ ‌  

Global‌ ‌Warming‌‌ 
Potential‌ ‌  1.7‌ ‌  0.04‌ ‌  kg‌ ‌CO‌2‌‌ ‌eq.‌‌ ‌  

Acidification‌ ‌Potential‌ ‌  8.6E‌-3‌ ‌  1.4E‌-4‌ ‌  Mol‌ ‌H‌+‌ ‌‌eq.‌‌ ‌  

Freshwater‌‌ 
Eutrophication‌ ‌Potential‌  2.9E‌-3‌ ‌  1.8E‌-4‌ ‌  kg‌ ‌P‌ ‌eq.‌‌ ‌  

Terrestrial‌‌ 
Eutrophication‌ ‌Potential‌  1.8E‌-2‌ ‌  6.5E‌-4‌ ‌  Mol‌ ‌N‌ ‌eq.‌‌ ‌  

Marine‌ ‌Eutrophication‌‌ 
Potential‌ ‌  3.5E‌-3‌ ‌  2.1E‌-4‌ ‌  kg‌ ‌N‌ ‌eq.‌ ‌per‌ ‌kg‌‌ ‌  

Disease‌ ‌Incidences‌  7.9E‌-5‌ ‌  7.3E‌-6‌ ‌  disease‌ ‌incidence‌ ‌eq.‌‌  

Water‌ ‌Use‌ ‌  3.2‌ ‌  0.1‌ ‌  kg‌ ‌Water‌ ‌eq.‌‌  
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 ‌Table‌ ‌2:‌ ‌LCIA‌ ‌Results‌ ‌for‌ ‌Production‌ ‌of‌ ‌Anode‌ ‌Grade‌ ‌Graphite‌ ‌via‌ ‌Natural‌ ‌and‌ ‌Synthetic‌ ‌Routes‌ ‌in‌ ‌China‌ ‌vs‌ ‌LEM‌ ‌Production‌ ‌Route.‌ ‌ ‌   

‌ 
 ‌Table‌ ‌3:‌ ‌LCIA‌ ‌Results‌ ‌of‌ ‌Micronized‌ ‌Graphite‌ ‌via‌ ‌Natural‌ ‌Routes‌ ‌in‌ ‌China‌ ‌vs‌ ‌LEM‌ ‌Production‌ ‌Route.‌‌ ‌  

‌ 

‌   

‌ 
‌ 
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‌ 
Synthetic‌ ‌CSPG-‌‌ 

China‌ ‌ 
Natural‌ ‌CSPG‌ ‌-‌‌ 

China‌ ‌  LEM‌ ‌-‌ ‌CSPG‌ ‌ 

Global‌ ‌Warming‌ ‌Potential‌ ‌  16.7‌ ‌  13.2‌ ‌  1.7‌ ‌ 

Acidification‌ ‌Potential‌ ‌  7.2E‌-3‌ ‌  8.1E‌-2‌ ‌  8.6E‌-3‌ ‌ 

Freshwater‌ ‌Eutrophication‌‌ 
Potential‌ ‌  3.1E‌-4‌ ‌  2.1E‌-3‌ ‌  2.9E‌-3‌ ‌ 

Terrestrial‌ ‌Eutrophication‌‌ 
Potential‌ ‌  2.0E‌-1‌ ‌  1.6E‌-1‌ ‌  1.8E‌-2‌ ‌ 

Marine‌ ‌Eutrophication‌ ‌Potential‌ ‌  1.3E‌-3‌ ‌  4.9E‌-3‌ ‌  3.5E‌-3‌ ‌ 

Disease‌ ‌Incidence‌ ‌  6.6E‌-7‌ ‌  1.9E‌-6‌ ‌  7.9E‌-5‌ ‌ 

‌  Natural‌ ‌MG‌ ‌-‌ ‌China‌ ‌  LEM‌ ‌-‌ ‌MG‌ ‌ 

Global‌ ‌Warming‌ ‌Potential‌ ‌  2.53‌ ‌  0.04‌ ‌ 

Acidification‌ ‌Potential‌ ‌  3.7E‌-3‌ ‌  1.4E‌-4‌ ‌ 

Freshwater‌ ‌Eutrophication‌ ‌Potential‌ ‌  1.7E‌-4‌ ‌  1.8E‌-4‌ ‌ 

Terrestrial‌ ‌Eutrophication‌ ‌Potential‌ ‌  1.0E‌-2‌ ‌  6.5E‌-4‌ ‌ 

Marine‌ ‌Eutrophication‌ ‌Potential‌ ‌  9.7E‌-4‌ ‌  2.1E‌-4‌ ‌ 

Disease‌ ‌Incidence‌ ‌  6.0E‌-8‌ ‌  7.3E‌-6‌ ‌ 
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3.‌ ‌Introduction‌ ‌ 

Leading‌ ‌Edge‌ ‌Materials‌ ‌Corp.‌ ‌owns‌ ‌100%‌ ‌of‌ ‌Woxna‌ ‌Graphite‌ ‌AB,‌ ‌which‌ ‌owns‌ ‌a‌ ‌graphite‌‌                           

mine‌ ‌in‌ ‌Sweden,‌ ‌which‌ ‌was‌ ‌refurbished‌ ‌and‌ ‌brought‌ ‌into‌ ‌production‌ ‌in‌ ‌July‌ ‌2014.‌‌                         

Production‌‌of‌‌the‌‌graphite‌‌concentrate‌‌product‌‌was‌‌halted‌‌within‌‌a‌‌year‌‌due‌‌to‌‌low‌‌global‌‌                             

market‌ ‌prices‌ ‌for‌ ‌that‌ ‌product,‌ ‌and‌‌the‌‌mine‌‌is‌‌currently‌‌on‌‌care‌‌and‌‌maintenance‌‌whilst‌‌                             

the‌ ‌production‌ ‌processes‌ ‌for‌ ‌higher‌ ‌value‌ ‌products‌ ‌are‌ ‌being‌‌developed.‌‌The‌‌focus‌‌is‌‌on‌‌                           

producing‌ ‌high‌ ‌purity‌ ‌coated‌ ‌spherical‌ ‌purified‌ ‌graphite‌ ‌(CSPG)‌ ‌and‌ ‌micronized‌ ‌graphite‌‌                     

products‌‌to‌‌supply‌‌the‌‌materials‌‌required‌‌in‌‌the‌‌emerging‌‌energy‌‌production‌‌and‌‌storage,‌‌                         

thermal‌‌insulation‌‌and‌‌additive‌‌manufacturing‌‌markets.‌‌In‌‌this‌‌Life‌‌Cycle‌‌Assessment‌‌(LCA)‌‌                       

study,‌ ‌the‌ ‌environmental‌ ‌impact‌ ‌of‌ ‌the‌ ‌proposed‌ ‌CSPG‌ ‌and‌ ‌micronized‌ ‌graphite‌‌                     

production‌ ‌routes‌ ‌are‌ ‌evaluated‌ ‌and‌ ‌quantified‌ ‌‌1‌.‌ ‌ 

3.1.‌ ‌Project‌ ‌Description‌ ‌ 

The‌ ‌Woxna‌ ‌graphite‌ ‌project‌ ‌is‌ ‌located‌ ‌along‌ ‌a‌ ‌40‌ ‌km‌ ‌trend‌ ‌in‌ ‌central‌ ‌Sweden‌ ‌with‌ ‌four‌‌                               

deposits‌‌held‌‌under‌‌mining‌‌leases:‌‌Kringelgruvan,‌‌Gropabo,‌‌Mattsmyra‌‌and‌‌Mansberg.‌‌The‌‌                     

LCA‌ ‌only‌ ‌assesses‌ ‌the‌ ‌Kringelgruvan‌ ‌site,‌ ‌where‌ ‌a‌ ‌permitted‌ ‌graphite‌ ‌concentrate‌‌                     

processing‌ ‌facility‌ ‌and‌ ‌a‌ ‌tailing's‌ ‌storage‌ ‌dam‌ ‌have‌ ‌already‌ ‌been‌ ‌constructed.‌ ‌Graphite‌‌                       

concentrate‌ ‌is‌ ‌then‌ ‌planned‌ ‌to‌ ‌be‌ ‌transported‌ ‌to‌ ‌an‌ ‌upgrade‌ ‌facility‌ ‌in‌ ‌Edsbyn‌ ‌in‌ ‌the‌‌                             

Ovanåker‌ ‌Municipality,‌ ‌Gävleborg‌ ‌County,‌ ‌Sweden,‌ ‌‌where‌ ‌graphite‌ ‌concentrate‌ ‌is‌‌                 

upgraded‌ ‌to‌ ‌form‌ ‌CSPG‌ ‌and‌ ‌micronized‌ ‌graphite‌ ‌products.‌ ‌Table‌ ‌4‌ ‌details‌ ‌the‌ ‌project‌‌                         

production‌ ‌estimates‌ ‌for‌ ‌the‌ ‌Woxna‌ ‌graphite‌ ‌project.‌ ‌ 

Table‌ ‌4:‌ ‌Woxna‌ ‌Graphite‌ ‌Project‌ ‌Production‌ ‌Estimates.‌‌ ‌  
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Description‌ ‌  Value‌ ‌  Unit‌ ‌ 

Life‌ ‌of‌ ‌Project‌ ‌  19‌ ‌  years‌ ‌ 

Graphite‌ ‌Concentrate‌ ‌  15,692‌ ‌  t/year‌ ‌ 

Spheronized‌ ‌coated‌ ‌graphite‌ ‌  6,519‌ ‌  t/year‌ ‌ 

Micronized‌ ‌Graphite‌ ‌  8,631‌ ‌  t/year‌ ‌ 

https://paperpile.com/c/JwNgOm/5A8UP
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3.2.‌ ‌Scope‌ ‌of‌ ‌Assessment‌ ‌ 

The‌ ‌goal‌ ‌of‌ ‌the‌ ‌Life‌ ‌Cycle‌ ‌Assessment‌ ‌was‌ ‌to‌ ‌quantify‌ ‌environmental‌ ‌impacts‌ ‌addressed‌‌                         

through‌‌different‌‌impact‌‌categories‌‌for‌‌the‌‌production‌‌of‌‌CSPG‌‌and/or‌‌micronized‌‌graphite‌‌                       

from‌ ‌graphite‌ ‌mineralized‌ ‌material‌ ‌extracted‌ ‌from‌ ‌natural‌ ‌resources.‌ ‌This‌ ‌includes‌‌                   

identifying‌‌hotspots‌‌and‌‌mitigating‌‌impacts‌‌as‌‌the‌‌project‌‌advances.‌‌The‌‌goal‌‌for‌‌LEM‌‌is‌‌to‌‌                             

produce‌ ‌CSGP‌ ‌and‌ ‌micronized‌ ‌graphite‌ ‌products‌ ‌to‌ ‌supply‌ ‌to‌ ‌the‌ ‌emerging‌ ‌energy‌‌                       

production‌ ‌and‌ ‌storage,‌ ‌thermal‌ ‌insulation‌ ‌and‌ ‌additive‌ ‌manufacturing‌ ‌markets,‌ ‌with‌‌                   

minimal‌ ‌environmental‌ ‌impacts‌ ‌‌1‌.‌‌ ‌  

LCA‌ ‌is‌ ‌a‌ ‌tool‌ ‌to‌ ‌assess‌ ‌the‌‌environmental‌‌impacts‌‌associated‌‌with‌‌all‌‌stages‌‌of‌‌a‌‌product,‌‌                               

process‌‌or‌‌activity‌‌‌2‌.‌‌An‌‌important‌‌aspect‌‌is‌‌that‌‌it‌‌allows‌‌the‌‌evaluation‌‌of‌‌indirect‌‌impacts‌‌                               

that‌ ‌occur‌ ‌in‌ ‌the‌ ‌development‌ ‌of‌ ‌a‌ ‌product‌ ‌or‌ ‌process‌ ‌system‌ ‌over‌ ‌the‌ ‌entire‌ ‌life‌ ‌cycle,‌‌                               

providing‌ ‌information‌ ‌that‌ ‌otherwise‌ ‌may‌ ‌not‌ ‌be‌ ‌considered.‌ ‌A‌ ‌wide‌ ‌range‌ ‌of‌‌                       

environmental‌ ‌impacts‌ ‌can‌ ‌be‌ ‌captured‌ ‌into‌ ‌a‌ ‌single‌ ‌integrated‌ ‌framework‌ ‌in‌‌a‌‌scientific‌‌                         

and‌ ‌quantitative‌ ‌way.‌ ‌The‌ ‌holistic‌ ‌approach‌ ‌generates‌ ‌results‌ ‌on‌ ‌how‌ ‌decisions‌ ‌made‌ ‌at‌‌                         

one‌‌stage‌‌of‌‌the‌‌life‌‌cycle‌‌might‌‌have‌‌consequences‌‌elsewhere,‌‌ensuring‌‌that‌‌a‌‌balance‌‌of‌‌                             

potential‌ ‌trade-offs‌ ‌can‌ ‌be‌ ‌made‌ ‌and‌ ‌avoiding‌ ‌shifting‌ ‌of‌ ‌the‌ ‌environmental‌ ‌burden‌ ‌‌3,4‌.‌ ‌ 

3.3.‌ ‌Life‌ ‌Cycle‌ ‌Assessment‌ ‌Methodology‌‌ ‌  

This‌ ‌LCA‌ ‌study‌ ‌has‌ ‌been‌‌conducted‌‌according‌‌to‌‌the‌‌requirements‌‌of‌‌the‌‌ISO-14040:2006‌‌                         

and‌ ‌ISO-14044:2006‌ ‌standards‌ ‌‌5‌.‌ ‌LCA‌ ‌has‌ ‌four‌ ‌fundamental‌ ‌steps‌ ‌that‌ ‌include‌ ‌goal‌ ‌and‌‌                         

scope‌ ‌definition,‌ ‌inventory‌ ‌analysis,‌ ‌impact‌ ‌assessment,‌ ‌and‌ ‌interpretation.‌ ‌ 

The‌ ‌Ecoinvent‌ ‌version‌ ‌3.7.1‌ ‌database‌ ‌was‌ ‌used‌ ‌for‌ ‌the‌ ‌assessment‌ ‌stage.‌ ‌This‌ ‌database‌‌                         

provides‌ ‌a‌ ‌well-documented‌ ‌process‌ ‌for‌ ‌products‌ ‌supporting‌ ‌the‌ ‌understanding‌ ‌of‌ ‌their‌‌                     

environmental‌ ‌impacts.‌ ‌The‌ ‌Ecoinvent‌ ‌database‌ ‌comprises‌ ‌inventory‌ ‌data‌ ‌for‌ ‌most‌‌                   

economic‌ ‌activities.‌ ‌The‌ ‌consistency‌ ‌and‌ ‌cohesion‌ ‌of‌ ‌the‌ ‌LCI‌ ‌datasets‌ ‌increase‌ ‌the‌‌                       

credibility‌‌and‌‌acceptance‌‌of‌‌the‌‌results‌‌obtained‌‌using‌‌this‌‌database.‌‌The‌‌baselines‌‌of‌‌this‌‌                           

database‌ ‌are‌ ‌LCI‌ ‌datasets‌ ‌that‌ ‌consider‌ ‌human‌ ‌activities‌ ‌and‌ ‌their‌ ‌interactions‌ ‌with‌ ‌the‌‌                         

environment‌ ‌(‌6‌).‌ ‌ 
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3.3.1.‌ ‌Goal‌ ‌and‌ ‌Scope‌‌ ‌  

This‌ ‌study‌ ‌assesses‌ ‌the‌ ‌life‌ ‌cycle‌ ‌impact‌ ‌of‌ ‌the‌ ‌production‌ ‌of‌ ‌1‌ ‌kg‌ ‌of‌ ‌coated‌ ‌spherical‌‌                               

purified‌ ‌graphite‌ ‌upgraded‌ ‌from‌ ‌graphite‌ ‌ore‌ ‌and‌ ‌1‌ ‌kg‌ ‌of‌ ‌micronized‌ ‌graphite‌ ‌upgraded‌‌                         

from‌‌graphite‌‌ore.‌‌This‌‌is‌‌a‌‌cradle-to-gate‌‌study,‌‌which‌‌means‌‌‌the‌‌product‌‌life‌‌cycle‌‌is‌‌being‌‌                               

assessed‌ ‌from‌ ‌the‌ ‌point‌ ‌of‌ ‌extraction‌ ‌from‌ ‌natural‌ ‌resources‌ ‌to‌ ‌the‌ ‌end-gate‌ ‌of‌ ‌the‌‌                           

upgrade‌ ‌plant‌ ‌facility.‌ ‌Use‌ ‌phase‌ ‌or‌ ‌end-of-life‌ ‌of‌ ‌CSPG‌ ‌and‌ ‌micronized‌ ‌graphite‌ ‌are‌‌                         

outside‌ ‌the‌ ‌scope‌ ‌of‌ ‌this‌ ‌LCA‌ ‌study.‌‌‌The‌‌LCA‌‌study‌‌will‌‌cover‌‌the‌‌impacts‌‌associated‌‌with‌‌                               

the‌ ‌mining,‌ ‌concentrating‌ ‌and‌ ‌upgrading‌ ‌processes.‌ ‌This‌ ‌includes‌ ‌transport‌ ‌of‌ ‌graphite‌‌                     

concentrate‌‌from‌‌the‌‌concentrate‌‌plant‌‌to‌‌the‌‌upgrade‌‌plant.‌‌Transport‌‌of‌‌reagents‌‌are‌‌not‌‌                           

included‌ ‌in‌ ‌this‌ ‌LCA‌ ‌study,‌ ‌due‌ ‌to‌ ‌data‌ ‌not‌ ‌being‌ ‌available.‌‌ ‌  

To‌ ‌evaluate‌ ‌the‌ ‌techno-economic‌ ‌feasibility‌ ‌of‌ ‌this‌ ‌project,‌ ‌a‌ ‌Preliminary‌ ‌Economic‌‌                     

Assessment‌ ‌(PEA)‌ ‌was‌ ‌carried‌ ‌out.‌ ‌The‌ ‌material‌ ‌and‌ ‌energy‌ ‌requirements‌ ‌deduced‌ ‌from‌‌                       

that‌ ‌study‌ ‌are‌ ‌used‌ ‌as‌ ‌the‌ ‌input‌ ‌for‌ ‌this‌ ‌LCA‌ ‌study.‌ ‌Additional‌ ‌estimates‌ ‌regarding‌ ‌the‌‌                             

economic‌ ‌contribution‌ ‌of‌ ‌the‌ ‌different‌‌products,‌‌intermediate‌‌and‌‌material‌‌transport‌‌and‌‌                     

location‌ ‌of‌ ‌the‌ ‌facility‌ ‌were‌ ‌provided‌ ‌during‌ ‌the‌ ‌project.‌ ‌ 

The‌ ‌primary‌ ‌objective‌ ‌for‌ ‌carrying‌‌out‌‌this‌‌study‌‌is‌‌to‌‌quantify‌‌the‌‌environmental‌‌impacts‌‌                           

of‌ ‌the‌ ‌proposed‌ ‌production‌ ‌route‌ ‌and‌ ‌identify‌ ‌the‌ ‌environmental‌ ‌‘hotspots’‌ ‌for‌ ‌the‌‌                       

production‌‌of‌‌CSPG‌‌and‌‌micronized‌‌graphite.‌‌The‌‌second‌‌objective‌‌of‌‌this‌‌study‌‌is‌‌to‌‌assist‌‌                             

in‌ ‌project‌ ‌development‌ ‌and‌ ‌improvement,‌ ‌with‌ ‌a‌ ‌third‌ ‌motivation‌ ‌being‌ ‌to‌ ‌assist‌ ‌with‌‌                         

strategic‌‌planning‌‌and‌‌assess‌‌the‌‌environmental‌‌performance‌‌of‌‌the‌‌LEM‌‌route‌‌versus‌‌the‌‌                         

current‌ ‌supply‌ ‌chain.‌ ‌ 

This‌ ‌study‌ ‌has‌ ‌been‌ ‌conducted‌‌according‌‌to‌‌the‌‌requirements‌‌of‌‌the‌‌ISO-14040:2006‌‌and‌‌                         

ISO-14044:2006,‌ ‌including‌ ‌a‌ ‌third-party‌ ‌review‌ ‌from‌ ‌LCA‌ ‌experts‌ ‌to‌ ‌ensure‌ ‌that‌ ‌the‌ ‌LCA‌‌                         

study‌‌is‌‌scientifically‌‌robust.‌‌The‌‌intended‌‌audience‌‌for‌‌this‌‌study‌‌includes‌‌parties‌‌that‌‌are‌‌                           

interested‌ ‌in‌ ‌the‌ ‌graphite‌ ‌value‌ ‌chain,‌ ‌ranging‌ ‌from‌ ‌project‌ ‌developers‌ ‌to‌ ‌producers‌ ‌to‌‌                         

end-users‌ ‌of‌ ‌spheronized‌ ‌coated‌ ‌and/or‌ ‌micronized‌ ‌graphite.‌‌The‌‌results‌‌are‌‌intended‌‌to‌‌                       

be‌ ‌used‌ ‌for‌ ‌comparative‌ ‌assertions‌ ‌to‌ ‌be‌ ‌disclosed‌ ‌to‌ ‌the‌ ‌public.‌ ‌ 

3.3.2.‌ ‌Functional‌ ‌Unit‌ ‌ 

‌ 
‌ 
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LCA‌ ‌uses‌ ‌a‌ ‌functional‌ ‌unit‌ ‌as‌ ‌a‌ ‌reference‌ ‌to‌ ‌evaluate‌ ‌the‌ ‌components‌ ‌within‌ ‌a‌ ‌single‌‌                             

system‌ ‌or‌ ‌among‌ ‌multiple‌ ‌systems‌ ‌on‌ ‌a‌ ‌common‌ ‌basis.‌ ‌The‌ ‌‌functional‌ ‌unit‌ ‌is‌ ‌the‌‌                           

quantitative‌ ‌reference‌ ‌used‌ ‌for‌ ‌all‌ ‌inventory‌ ‌calculations‌ ‌and‌ ‌impact‌ ‌evaluations.‌‌ ‌  

The‌‌‌functional‌‌unit‌‌for‌‌this‌‌study‌‌is‌‌defined‌‌as:‌‌‌The‌‌production‌‌of‌‌one‌‌kilogram‌‌of‌‌coated‌‌                               

spherical‌‌purified‌‌graphite‌‌(CSPG),‌‌produced‌‌from‌‌natural‌‌flake‌‌graphite‌‌originating‌‌from‌‌                     

Kringelgruvan,‌ ‌Sweden.‌ ‌ 

The‌‌micronized‌‌graphite‌‌co-product‌‌is‌‌being‌‌considered‌‌as‌‌an‌‌alternative‌‌functional‌‌unit‌‌in‌‌                         

this‌ ‌study‌ ‌as‌ ‌1‌ ‌kg‌ ‌of‌ ‌micronized‌ ‌graphite.‌‌ ‌  

3.3.3.‌ ‌System‌ ‌Boundary‌ ‌ 

The‌ ‌system‌ ‌boundary‌ ‌of‌ ‌the‌ ‌CSPG‌ ‌production‌ ‌and‌ ‌micronized‌ ‌graphite‌ ‌production‌‌                     

processes‌ ‌used‌‌in‌‌this‌‌study‌‌are‌‌shown‌‌in‌‌Figure‌‌1.‌‌For‌‌this‌‌project,‌‌it‌‌is‌‌assumed‌‌that‌‌the‌‌                                   

electricity‌ ‌for‌ ‌the‌ ‌concentrator‌ ‌and‌ ‌upgrade‌ ‌facility‌ ‌is‌ ‌sourced‌ ‌from‌ ‌electricity‌ ‌supplier:‌‌                       

Vattenfall‌ ‌‌7‌.‌ ‌ 

The‌ ‌micronized‌ ‌and‌ ‌CSPG‌ ‌products‌ ‌originate‌ ‌from‌ ‌material‌ ‌that‌ ‌goes‌ ‌through‌ ‌identical‌‌                       

routes‌ ‌for‌ ‌the‌ ‌mining‌ ‌and‌ ‌concentrating‌ ‌processes.‌ ‌The‌ ‌system‌ ‌starts‌ ‌with‌ ‌mining‌‌of‌‌the‌‌                           

flake‌ ‌graphite‌ ‌ore‌‌using‌‌a‌‌conventional‌‌diesel‌‌fueled‌‌haulage‌‌fleet‌‌and‌‌ammonium‌‌nitrate‌‌                         

fuel‌ ‌oil‌ ‌(ANFO)‌ ‌as‌ ‌explosives.‌ ‌The‌ ‌extracted‌ ‌ore‌ ‌undergoes‌ ‌comminution,‌ ‌flotation‌ ‌to‌‌                       

produce‌ ‌a‌ ‌graphite‌ ‌concentrate‌ ‌(grading‌ ‌93%‌ ‌Carbon).‌ ‌Diesel‌ ‌as‌ ‌collector,‌ ‌flocculant‌ ‌and‌‌                       

Methyl‌ ‌IsoButyl‌ ‌Carbinol‌ ‌(MIBC)‌ ‌are‌ ‌added‌ ‌as‌ ‌reagents‌ ‌within‌ ‌this‌ ‌stage.‌ ‌The‌ ‌graphite‌‌                         

concentrate‌‌is‌‌then‌‌transported‌‌to‌‌the‌‌planned/possible‌‌upgrade‌‌plant‌‌situated‌‌in‌‌Edsbyn,‌‌                       

Sweden,‌ ‌for‌ ‌further‌ ‌processing.‌ ‌It‌ ‌is‌ ‌assumed‌ ‌the‌ ‌concentrate‌ ‌will‌ ‌be‌ ‌transported‌ ‌by‌‌                         

lorry/truck‌ ‌(~40‌ ‌tonnes‌ ‌of‌ ‌graphite‌ ‌concentrate‌ ‌per‌ ‌lorry)‌ ‌to‌ ‌the‌ ‌upgrade‌ ‌plant.‌ ‌ 

At‌‌the‌‌upgrade‌‌plant,‌‌the‌‌graphite‌‌concentrate‌‌is‌‌fed‌‌into‌‌one‌‌process,‌‌where‌‌the‌‌material‌‌                             

is‌‌separated‌‌into‌‌two‌‌processing‌‌streams‌‌at‌‌a‌‌later‌‌stage‌‌to‌‌produce‌‌the‌‌two‌‌products.‌‌For‌‌                               

both‌‌routes,‌‌initially,‌‌the‌‌concentrate‌‌passes‌‌through‌‌a‌‌micronizer‌‌and‌‌spheronization‌‌step.‌‌                       

The‌‌rejected‌‌material‌‌from‌‌the‌‌spheronizer‌‌is‌‌filtered‌‌from‌‌the‌‌spheronized‌‌graphite‌‌and‌‌is‌‌                           

further‌ ‌micronized‌ ‌using‌ ‌three‌ ‌jet‌ ‌mills,‌ ‌to‌ ‌produce‌ ‌micronized‌ ‌graphite‌ ‌products.‌ ‌The‌‌                       

‌ 
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micronized‌‌graphite‌‌grades‌‌93%‌‌carbon‌‌and‌‌is‌‌to‌‌be‌‌sold‌‌as‌‌a‌‌micronized‌‌graphite‌‌product.‌‌                             

The‌‌CSPG‌‌is‌‌fed‌‌to‌‌a‌‌vacuum‌‌furnace‌‌and‌‌coating‌‌stage.‌‌Nitrogen,‌‌solvent,‌‌argon,‌‌and‌‌pitch‌‌                               

are‌ ‌added‌ ‌as‌ ‌reagents.‌ ‌Argon‌ ‌and‌ ‌nitrogen‌ ‌are‌ ‌transported‌ ‌to‌ ‌the‌ ‌upgrade‌ ‌facility‌ ‌as‌ ‌a‌‌                             

liquid‌ ‌gas.‌ ‌In‌ ‌the‌ ‌upgrading‌ ‌process,‌ ‌argon‌ ‌is‌ ‌in‌ ‌its‌ ‌gaseous‌ ‌form.‌ ‌The‌ ‌CSPG‌ ‌product‌‌                             

produced‌ ‌is‌ ‌at‌ ‌least‌ ‌99.95%‌ ‌C‌ ‌purity.‌ ‌The‌ ‌water‌ ‌system‌ ‌for‌ ‌the‌ ‌upgrade‌ ‌plant‌ ‌is‌‌within‌‌a‌‌                                 

closed‌ ‌system,‌‌therefore‌‌all‌‌the‌‌water‌‌is‌‌recycled‌‌within‌‌the‌‌process‌‌and‌‌not‌‌released‌‌into‌‌                             

the‌ ‌environment.‌ ‌ 

The‌ ‌furnace‌ ‌off-gas‌ ‌released‌ ‌from‌ ‌the‌ ‌upgrade‌ ‌plant‌ ‌process‌ ‌is‌ ‌cooled‌ ‌to‌ ‌solidify‌ ‌the‌‌                           

vaporized‌‌impurities.‌‌The‌‌off-gas‌‌that‌‌is‌‌released‌‌is‌‌assumed‌‌to‌‌be‌‌heat‌‌only,‌‌not‌‌containing‌‌                             

substances‌ ‌that‌ ‌could‌ ‌harm‌ ‌the‌ ‌environment,‌ ‌thus‌ ‌is‌ ‌not‌ ‌included‌ ‌within‌ ‌the‌ ‌LCA.‌ ‌This‌‌                           

should‌ ‌be‌ ‌investigated,‌‌however,‌‌in‌‌future‌‌LCA‌‌studies‌‌(see‌‌section‌‌10.2).‌‌Solid‌‌wastes‌‌are‌‌                           

discharged‌ ‌from‌ ‌the‌ ‌upgrade‌ ‌facility.‌ ‌The‌ ‌solid‌ ‌waste‌ ‌is‌ ‌included‌ ‌within‌ ‌the‌ ‌LCA.‌‌ ‌  

Table‌‌5‌‌states‌‌all‌‌assumptions‌‌made‌‌throughout‌‌this‌‌Life‌‌Cycle‌‌Assessment‌‌associated‌‌with‌‌                         

the‌ ‌foreground‌ ‌and‌ ‌background‌ ‌data‌ ‌used‌ ‌within‌ ‌this‌ ‌LCA.‌‌ ‌  

‌ 
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Figure‌ ‌1:‌ ‌System‌ ‌Boundary‌ ‌Applied‌ ‌to‌ ‌the‌ ‌LCA‌ ‌Study‌ ‌of‌ ‌the‌ ‌Production‌ ‌of‌ ‌Spheronized‌ ‌Coated‌ ‌and‌ ‌Micronized‌ ‌Graphite‌ ‌from‌ ‌Natural‌ ‌Flake‌ ‌Graphite‌ ‌Ore.‌‌ ‌  

‌   

‌ 
‌ 
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‌ 
Table‌ ‌5:‌ ‌Assumptions‌ ‌Made‌ ‌Regarding‌ ‌the‌ ‌Foreground‌ ‌and‌ ‌Background‌ ‌Data‌ ‌of‌ ‌the‌ ‌LCI.‌ ‌ 

‌ 

3.3.4.‌ ‌Multi-Output‌ ‌Allocation‌ ‌ 

In‌ ‌Life‌ ‌Cycle‌ ‌Assessments,‌ ‌it‌ ‌is‌ ‌critical‌ ‌to‌ ‌ensure‌ ‌that‌ ‌environmental‌ ‌impacts‌ ‌are‌ ‌divided‌‌                           

among‌ ‌the‌ ‌different‌ ‌products‌ ‌of‌ ‌an‌ ‌operation‌ ‌or‌ ‌flowsheet‌ ‌in‌ ‌a‌ ‌way‌ ‌that‌ ‌follows‌ ‌best‌‌                             

practice‌ ‌and‌ ‌is‌ ‌scientifically‌ ‌valid.‌ ‌Following‌ ‌the‌ ‌guidance‌ ‌provided‌ ‌in‌‌the‌‌ISO-14044:2006‌‌                       

‌ 
‌ 
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Item‌ ‌  Description‌ ‌ 

Electricity‌  Electricity‌ ‌for‌ ‌concentrator‌ ‌and‌ ‌upgrade‌ ‌plant‌ ‌is‌ ‌sourced‌ ‌from‌ ‌Vattenfall.‌ ‌ 

Transport‌ ‌ 
Graphite‌ ‌concentrate‌ ‌is‌ ‌transported‌ ‌by‌ ‌lorry/truck‌ ‌40km‌ ‌from‌ ‌mine‌ ‌site‌ ‌to‌‌ 
upgrade‌ ‌plant.‌ ‌ 

Off-gas‌ ‌Heat‌ ‌ 
Assumed‌ ‌off-gas‌ ‌released‌ ‌is‌ ‌heat‌ ‌only,‌ ‌with‌ ‌no‌ ‌harmful‌ ‌substances‌ ‌being‌‌ 
released‌ ‌into‌ ‌the‌ ‌atmosphere.‌ ‌ 

Nitrogen‌ ‌  Assumed‌ ‌density‌ ‌of‌ ‌1.25‌ ‌kg‌ ‌per‌ ‌m‌3‌.‌ ‌ 

Argon‌ ‌  Assumed‌ ‌density‌ ‌of‌ ‌1.75‌ ‌kg‌ ‌per‌ ‌m‌3‌.‌ ‌ 

Disease‌ ‌Incidence‌ ‌ 
Particulate‌ ‌matter‌ ‌assumed‌ ‌to‌ ‌be‌ ‌emitted‌ ‌outdoors‌ ‌in‌ ‌a‌ ‌rural‌ ‌area‌ ‌at‌ ‌ground‌‌ 
level.‌ ‌ 

Water‌ ‌Use‌ ‌ 
Water‌ ‌exits‌ ‌the‌ ‌concentrator‌ ‌through‌ ‌the‌ ‌tailings‌ ‌and‌ ‌is‌ ‌recirculated‌ ‌back‌‌ 
into‌ ‌the‌ ‌concentrator,‌ ‌therefore‌ ‌water‌ ‌lost‌ ‌is‌ ‌through‌ ‌evaporation‌ ‌only.‌ ‌ 

Water‌ ‌Use‌ ‌  Cooling‌ ‌water‌ ‌in‌ ‌the‌ ‌upgrade‌ ‌plant‌ ‌is‌ ‌a‌ ‌closed‌ ‌loop‌ ‌system.‌ ‌ 

Water‌ ‌Use‌ ‌  Assumed‌ ‌water‌ ‌returned‌ ‌to‌ ‌the‌ ‌local‌ ‌water‌ ‌system‌ ‌is‌ ‌not‌ ‌degraded.‌ ‌ 

Uncertainty‌ ‌ 
For‌ ‌mine‌ ‌and‌ ‌concentrator,‌ ‌a‌ ‌standard‌ ‌deviation‌ ‌of‌ ‌15%‌ ‌was‌ ‌assumed‌ ‌due‌‌ 
to‌ ‌being‌ ‌in‌ ‌care‌ ‌and‌ ‌maintenance‌ ‌stage.‌ ‌ 

Uncertainty‌ ‌ 
For‌ ‌the‌ ‌upgrade‌ ‌plant,‌ ‌30%‌ ‌uncertainty‌ ‌was‌ ‌assumed‌ ‌due‌ ‌to‌ ‌being‌ ‌in‌ ‌PEA‌‌ 
stage.‌ ‌ 

Uncertainty‌ ‌ 
Assumed‌ ‌uncertainty‌ ‌associated‌ ‌with‌ ‌foreground‌ ‌data‌ ‌is‌ ‌high‌ ‌enough,‌ ‌thus‌‌ 
covers‌ ‌the‌ ‌uncertainty‌ ‌associated‌ ‌with‌ ‌the‌ ‌background‌ ‌data.‌ ‌ 

Benchmarking‌ ‌ 
Electricity‌ ‌for‌ ‌the‌ ‌benchmark‌ ‌routes‌ ‌is‌ ‌sourced‌ ‌from‌ ‌the‌ ‌region's‌ ‌grids,‌ ‌the‌‌ 
operations‌ ‌are‌ ‌located‌ ‌in.‌ ‌ 

Tailings‌ ‌  Assumed‌ ‌to‌ ‌be‌ ‌non-acid‌ ‌generating.‌ ‌ 

Vattenfall‌ ‌Electricity‌ ‌ 
No‌ ‌division‌ ‌in‌ ‌the‌ ‌eutrophication‌ ‌potential‌ ‌into‌ ‌the‌ ‌3‌ ‌sub-categories,‌ ‌so‌ ‌the‌‌ 
eutrophication‌ ‌potential‌ ‌value‌ ‌was‌ ‌assumed‌ ‌to‌ ‌be‌ ‌the‌ ‌same‌ ‌for‌ ‌all‌ ‌three.‌ ‌ 

Reagents‌ ‌ 
Average‌ ‌database‌ ‌values‌ ‌are‌ ‌used‌ ‌to‌ ‌present‌ ‌the‌ ‌embodied‌ ‌impact‌‌ 
associated‌ ‌with‌ ‌the‌ ‌production‌ ‌of‌ ‌reagents.‌ ‌ 
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standards,‌ ‌it‌ ‌is‌ ‌recommended‌ ‌to‌ ‌avoid‌ ‌allocation‌ ‌where‌ ‌possible.‌ ‌Following‌ ‌that,‌ ‌it‌ ‌is‌‌                         

recommended‌ ‌to‌ ‌allocate‌ ‌the‌ ‌impacts‌ ‌following‌ ‌the‌ ‌physical‌ ‌relationship,‌ ‌then‌ ‌allocate‌‌                     

impacts‌ ‌following‌ ‌other‌ ‌methodologies,‌ ‌of‌ ‌which‌ ‌one‌ ‌is‌ ‌allocation‌ ‌by‌ ‌economic‌‌                     

relationships‌‌between‌‌different‌‌products‌‌of‌‌the‌‌process.‌‌In‌‌this‌‌case,‌‌a‌‌combination‌‌of‌‌the‌‌                           

physical‌ ‌relationship‌ ‌between‌ ‌the‌ ‌products‌ ‌and‌ ‌the‌ ‌economic‌ ‌contribution‌ ‌towards‌ ‌the‌‌                     

project‌ ‌has‌ ‌been‌ ‌used.‌ ‌This‌ ‌is‌ ‌known‌ ‌as‌ ‌economic‌ ‌allocation.‌ ‌ 

Economic‌ ‌allocation‌ ‌is‌ ‌appropriate‌ ‌because‌‌although‌‌the‌‌production‌‌volume‌‌of‌‌CSPG‌‌and‌‌                       

micronized‌‌co-product‌‌are‌‌similar,‌‌the‌‌economic‌‌value‌‌for‌‌CSPG‌‌(10,000‌‌USD$/t)‌‌holds‌‌86%‌‌                         

of‌ ‌the‌ ‌total‌ ‌economic‌ ‌contribution,‌ ‌whereas‌ ‌the‌ ‌micronized‌ ‌co-product‌ ‌holds‌ ‌14%‌ ‌(1,200‌‌                       

USD$/kg),‌ ‌as‌ ‌seen‌ ‌in‌ ‌Table‌ ‌6.‌ ‌System‌‌expansion‌‌was‌‌also‌‌evaluated‌‌as‌‌a‌‌method‌‌to‌‌avoid‌                               

allocation‌‌and‌‌to‌‌discount‌‌the‌‌micronized‌‌graphite.‌‌This‌‌was‌‌not‌‌considered‌‌appropriate‌‌as‌‌                         

there‌ ‌are‌ ‌no‌ ‌data‌ ‌points‌ ‌available‌ ‌in‌ ‌literature‌ ‌for‌ ‌the‌ ‌production‌ ‌of‌ ‌micronized‌ ‌graphite.‌‌ ‌  

Economic‌‌allocation‌‌will‌‌allocate‌‌a‌‌proportion‌‌of‌‌the‌‌environmental‌‌impact‌‌to‌‌the‌‌functional‌‌                         

unit‌ ‌and‌ ‌the‌ ‌co-products‌ ‌as‌ ‌a‌ ‌result‌ ‌of‌ ‌the‌ ‌difference‌ ‌in‌ ‌both‌ ‌market‌ ‌values‌ ‌and‌ ‌the‌‌                               

production‌ ‌volumes.‌ ‌ 

Table‌ ‌6:‌ ‌Production‌ ‌Volume,‌ ‌Revenue,‌ ‌and‌ ‌Economic‌ ‌Contribution‌ ‌over‌ ‌Life‌ ‌of‌ ‌Project.‌‌ ‌  

‌ 

3.3.5.‌ ‌Life‌ ‌Cycle‌ ‌Inventory‌ ‌ 

This‌ ‌study‌ ‌was‌ ‌desk-based,‌ ‌meaning‌ ‌that‌ ‌all‌ ‌data‌ ‌was‌ ‌either‌ ‌provided‌ ‌by‌ ‌LEM,‌ ‌collected‌‌                           

from‌ ‌public‌ ‌sources‌ ‌or‌ ‌used‌ ‌from‌ ‌public‌ ‌and‌ ‌private‌ ‌databases.‌ ‌A‌ ‌complete‌ ‌Life‌ ‌Cycle‌‌                           

Inventory‌ ‌(LCI)‌ ‌for‌ ‌the‌ ‌study‌ ‌is‌ ‌included‌ ‌in‌ ‌appendix‌ ‌A.‌ ‌Background‌ ‌data‌ ‌was‌ ‌used‌ ‌from‌‌                             

Ecoinvent‌ ‌3.7.1.‌ ‌The‌ ‌characterization‌‌factor‌‌for‌‌electricity‌‌has‌‌been‌‌provided‌‌by‌‌Vattenfall.‌‌                       

This‌‌was‌‌calculated‌‌based‌‌on‌‌their‌‌Environmental‌‌Product‌‌Declaration‌‌(EPD)‌‌‌7‌.‌‌Nitrogen‌‌and‌‌                         

‌ 
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Product‌ ‌ 

Production‌‌ 
Volume‌‌ 

(tonne/year)‌ ‌ 

Economic‌‌ 
Value‌‌ 

(USD$/tonne)‌ ‌ 
Revenue‌‌ 

(USD$/year)‌ ‌ 
Economic‌‌ 

Contribution‌ 

Life‌ ‌of‌‌ 
Project‌‌ 
(years)‌ ‌ 

CSPG‌ ‌  6,519‌ ‌  10,000‌ ‌  65,190,000‌ ‌  86%‌ ‌  19‌ ‌ 

Micronized‌‌ 
Graphite‌ ‌  8,631‌ ‌  1,200‌ ‌  10,357,200‌ ‌  14%‌ ‌  19‌ ‌ 
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‌ 

argon‌‌consumption‌‌was‌‌provided‌‌in‌‌cubic‌‌metres‌‌and‌‌converted‌‌to‌‌mass‌‌based,‌‌assuming‌‌                         

a‌ ‌density‌ ‌of‌ ‌1.25‌ ‌kg‌ ‌per‌ ‌m‌3‌ ‌and‌ ‌1.78‌ ‌kg‌ ‌per‌ ‌m‌3‌ ‌respectively.‌ ‌Energy‌‌input‌‌of‌‌diesel‌‌from‌‌                                   

haulage‌ ‌was‌ ‌calculated‌ ‌under‌ ‌the‌ ‌assumption‌ ‌of‌ ‌a‌ ‌calorific‌‌value‌‌of‌‌38.6‌‌MJ‌‌per‌‌litre.‌‌The‌‌                               

disease‌ ‌incidence‌ ‌characterization‌ ‌factor‌ ‌is‌ ‌6.3E‌-5‌ ‌kg‌ ‌PM2.5‌ ‌intake‌ ‌per‌ ‌kg‌ ‌PM2.5‌ ‌emitted,‌‌                         

assuming‌ ‌each‌ ‌input‌ ‌is‌ ‌outdoors‌ ‌in‌ ‌a‌ ‌rural‌ ‌area‌ ‌at‌ ‌ground‌ ‌level.‌ ‌The‌ ‌average‌‌                           

non-agricultural‌‌water‌‌scarcity‌‌characterization‌‌factor‌‌for‌‌the‌‌project‌‌location‌‌was‌‌used‌‌for‌‌                       

the‌ ‌direct‌ ‌water‌ ‌inputs‌ ‌and‌ ‌electricity‌ ‌used.‌ ‌Other‌ ‌material‌ ‌inputs‌‌were‌‌multiplied‌‌by‌‌the‌‌                           

world‌‌average,‌‌due‌‌to‌‌the‌‌locations‌‌of‌‌the‌‌reagents‌‌being‌‌sourced‌‌from‌‌are‌‌unknown.‌‌Bags‌‌                             

and‌ ‌pallets‌ ‌used‌ ‌for‌ ‌product‌ ‌packaging‌ ‌were‌ ‌excluded‌ ‌from‌ ‌the‌ ‌LCA.‌ ‌This‌ ‌is‌ ‌because‌‌                           

packaging‌ ‌is‌ ‌not‌ ‌associated‌ ‌with‌ ‌the‌ ‌functional‌ ‌unit‌ ‌and‌ ‌there‌ ‌is‌ ‌a‌ ‌lack‌ ‌of‌ ‌data‌ ‌for‌ ‌the‌‌                                 

production‌ ‌of‌ ‌bags‌ ‌and‌ ‌pallets,‌ ‌reducing‌ ‌the‌ ‌robustness‌ ‌of‌ ‌the‌ ‌LCA.‌‌ ‌  

An‌‌analysis‌‌of‌‌the‌‌material‌‌and‌‌energy‌‌flows‌‌within‌‌the‌‌system‌‌boundary‌‌was‌‌made‌‌and‌‌all‌‌                               

material‌ ‌and‌ ‌energy‌ ‌flows‌ ‌related‌ ‌to‌ ‌the‌ ‌processing‌ ‌of‌ ‌the‌ ‌flake‌ ‌graphite‌ ‌ore‌ ‌have‌ ‌been‌‌                             

included‌‌in‌‌the‌‌Life‌‌Cycle‌‌Inventory‌‌and‌‌included‌‌in‌‌the‌‌Life‌‌Cycle‌‌Impact‌‌Assessment‌‌(LCIA),‌‌                             

including‌ ‌transport‌ ‌of‌ ‌raw‌ ‌materials‌ ‌and‌ ‌materials‌ ‌consumed.‌ ‌Flows‌ ‌related‌ ‌to‌ ‌the‌‌                       

production‌‌of‌‌equipment‌‌or‌‌infrastructure‌‌have‌‌been‌‌excluded,‌‌this‌‌includes‌‌the‌‌mill‌‌liners.‌‌                         

The‌ ‌reason‌ ‌for‌ ‌excluding‌ ‌these‌ ‌flows‌ ‌is‌ ‌that‌ ‌it‌‌will‌‌not‌‌allow‌‌for‌‌a‌‌like-for-like‌‌comparison‌‌                               

against‌ ‌published‌ ‌and‌ ‌database‌ ‌values‌ ‌for‌ ‌operational‌ ‌facilities.‌ ‌ 

3.3.6.‌ ‌Cut-off‌ ‌Criteria‌ ‌ 

Cut-off‌ ‌criteria‌ ‌is‌ ‌used‌ ‌in‌ ‌LCA‌ ‌practice‌ ‌to‌ ‌decide‌ ‌which‌ ‌inputs‌ ‌are‌ ‌included‌ ‌in‌ ‌the‌‌                             

assessment,‌ ‌based‌ ‌on‌ ‌mass,‌ ‌energy‌ ‌and‌ ‌environmental‌ ‌significance.‌ ‌In‌ ‌this‌ ‌study,‌ ‌no‌‌                       

cut-off‌ ‌criteria‌ ‌was‌ ‌applied‌ ‌to‌ ‌the‌ ‌flows‌ ‌entering‌ ‌or‌ ‌leaving‌ ‌the‌ ‌system.‌ ‌All‌ ‌flows‌ ‌were‌‌                             

considered‌ ‌in‌ ‌the‌ ‌LCA‌ ‌study.‌ ‌ 

3.3.7.‌ ‌Life‌ ‌Cycle‌ ‌Impact‌ ‌Assessment‌‌ ‌  

The‌ ‌Life‌ ‌Cycle‌ ‌Impact‌ ‌Assessment‌ ‌categories‌ ‌selected‌ ‌for‌ ‌this‌ ‌study‌ ‌included‌ ‌Global‌‌                       

Warming‌‌Potential‌‌(GWP),‌‌Acidification‌‌Potential‌‌(AP),‌‌Eutrophication‌‌Potential‌‌(Freshwater,‌‌                 

Terrestrial‌ ‌and‌ ‌Marine),‌ ‌Disease‌ ‌Incidence‌ ‌and‌ ‌Water‌ ‌Use‌ ‌(AWARE).‌ ‌The‌ ‌GWP,‌ ‌AP,‌‌                       

Eutrophication‌ ‌Potential‌ ‌and‌ ‌Water‌ ‌Use‌ ‌impact‌ ‌categories‌ ‌have‌ ‌been‌ ‌selected‌ ‌as‌ ‌these‌‌                       

‌ 
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have‌‌been‌‌identified‌‌as‌‌relevant‌‌impact‌‌categories‌‌in‌‌the‌‌scientific‌‌literature‌‌for‌‌the‌‌mining‌‌                           

and‌‌metal‌‌industry‌‌‌4‌ ‌and‌‌so‌‌can‌‌accurately‌‌highlight‌‌areas‌‌where‌‌insights‌‌into‌‌the‌‌life‌‌cycle‌‌                               

impact‌ ‌of‌ ‌CSPG‌ ‌and‌‌micronized‌‌graphite‌‌products‌‌are‌‌required.‌‌It‌‌must‌‌be‌‌noted‌‌that‌‌the‌‌                             

LCIA‌‌results‌‌are‌‌relative‌‌expressions‌‌and‌‌do‌‌not‌‌predict‌‌impacts‌‌on‌‌category‌‌endpoints,‌‌the‌‌                           

exceeding‌ ‌of‌ ‌thresholds,‌ ‌safety‌ ‌margins‌ ‌or‌ ‌risks.‌ ‌ 

3.3.7.1.‌ ‌Global‌ ‌Warming‌ ‌Potential‌ ‌ 

Baseline‌ ‌model‌ ‌of‌ ‌100‌ ‌years‌ ‌of‌ ‌the‌ ‌IPCC‌ ‌(based‌ ‌on‌ ‌IPCC‌ ‌2013)‌ ‌ 

Climate‌ ‌change‌ ‌can‌ ‌be‌ ‌defined‌ ‌as‌ ‌the‌ ‌change‌ ‌in‌ ‌global‌ ‌temperature‌ ‌caused‌ ‌by‌ ‌the‌‌                           

greenhouse‌‌effect‌‌that‌‌the‌‌release‌‌of‌‌“greenhouse‌‌gases”‌‌by‌‌human‌‌activity‌‌creates.‌‌There‌‌                         

is‌‌now‌‌scientific‌‌consensus‌‌that‌‌the‌‌increase‌‌in‌‌these‌‌emissions‌‌is‌‌having‌‌a‌‌noticeable‌‌effect‌‌                             

on‌‌climate.‌‌Climate‌‌change‌‌is‌‌one‌‌of‌‌the‌‌major‌‌environmental‌‌effects‌‌of‌‌economic‌‌activity,‌                           

and‌ ‌one‌ ‌of‌ ‌the‌ ‌most‌ ‌difficult‌ ‌to‌ ‌handle‌ ‌because‌ ‌of‌ ‌its‌ ‌broad‌ ‌scale.‌ ‌The‌ ‌Environmental‌‌                             

Profile's‌ ‌characterization‌ ‌model‌ ‌is‌ ‌based‌ ‌on‌ ‌factors‌ ‌developed‌ ‌by‌ ‌the‌ ‌UN’s‌‌                     

Intergovernmental‌ ‌Panel‌ ‌on‌ ‌Climate‌ ‌Change‌ ‌(IPCC)‌ ‌‌8‌.‌ ‌Factors‌ ‌are‌ ‌expressed‌ ‌as‌ ‌Global‌‌                       

Warming‌ ‌Potential‌ ‌over‌ ‌the‌ ‌time‌ ‌horizon‌ ‌of‌ ‌different‌ ‌years,‌ ‌the‌‌most‌‌common‌‌being‌‌100‌‌                           

years‌ ‌(GWP100),‌ ‌measured‌ ‌in‌ ‌the‌ ‌reference‌ ‌unit,‌ ‌kg‌ ‌CO‌2‌ ‌‌equivalent.‌ 

3.3.7.2.‌ ‌Acidification‌ ‌Potential‌ ‌ 

Accumulated‌ ‌Exceedance‌ ‌‌9,10‌ ‌ ‌  

Acidic‌‌gases‌‌such‌‌as‌‌sulphur‌‌dioxide‌‌(SO‌2‌)‌‌react‌‌with‌‌water‌‌in‌‌the‌‌atmosphere‌‌to‌‌form‌‌“acid‌‌                               

rain”,‌ ‌a‌ ‌process‌ ‌known‌ ‌as‌ ‌acid‌ ‌deposition.‌ ‌When‌ ‌this‌ ‌rain‌ ‌falls,‌ ‌often‌ ‌a‌ ‌considerable‌‌                           

distance‌ ‌from‌ ‌the‌ ‌original‌ ‌source‌ ‌of‌ ‌the‌ ‌gas,‌ ‌it‌ ‌causes‌ ‌ecosystem‌ ‌impairment‌ ‌of‌ ‌varying‌‌                           

degree,‌ ‌depending‌ ‌upon‌ ‌the‌ ‌nature‌ ‌of‌ ‌the‌ ‌landscape‌ ‌ecosystems.‌ ‌Gases‌ ‌that‌ ‌cause‌ ‌acid‌‌                         

deposition‌ ‌include‌ ‌ammonia‌ ‌(NH‌3‌),‌ ‌nitrogen‌ ‌oxides‌ ‌(NO‌x‌)‌ ‌and‌ ‌sulphur‌ ‌oxides‌ ‌(SO‌x‌).‌‌ ‌  

Acidification‌‌potential‌‌is‌‌expressed‌‌using‌‌the‌‌reference‌‌unit,‌‌mol‌‌H‌+‌ ‌equivalent.‌‌The‌‌model‌‌                         

does‌ ‌not‌ ‌take‌ ‌account‌ ‌of‌ ‌regional‌ ‌differences‌ ‌in‌ ‌terms‌ ‌of‌ ‌which‌ ‌areas‌ ‌are‌ ‌more‌ ‌or‌ ‌less‌‌                               

susceptible‌ ‌to‌ ‌acidification.‌ ‌It‌ ‌accounts‌ ‌only‌ ‌for‌ ‌acidification‌ ‌caused‌ ‌by‌‌SO‌2‌ ‌and‌‌NO‌x‌.‌‌This‌‌                           

includes‌ ‌acidification‌ ‌due‌ ‌to‌ ‌fertilizer‌ ‌use,‌ ‌according‌ ‌to‌ ‌the‌ ‌method‌ ‌developed‌ ‌by‌ ‌the‌‌                         

‌ 
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Intergovernmental‌ ‌Panel‌ ‌on‌ ‌Climate‌ ‌Change‌ ‌(IPCC).‌ ‌CML‌ ‌has‌ ‌based‌ ‌the‌ ‌characterization‌‌                     

factor‌ ‌on‌ ‌the‌ ‌RAINS‌ ‌model‌ ‌developed‌ ‌by‌ ‌the‌ ‌University‌ ‌of‌ ‌Amsterdam‌ ‌‌11‌.‌ ‌ 

3.3.7.3.‌ ‌Eutrophication‌ ‌Potential‌‌ ‌  

Accumulated‌ ‌Exceedance‌ ‌‌9,12‌ ‌ 

Eutrophication‌ ‌is‌ ‌the‌ ‌build-up‌ ‌of‌ ‌a‌ ‌concentration‌ ‌of‌ ‌chemical‌ ‌nutrients‌ ‌in‌ ‌an‌ ‌ecosystem‌‌                         

which‌ ‌leads‌ ‌to‌ ‌abnormal‌ ‌productivity.‌ ‌This‌ ‌causes‌ ‌excessive‌ ‌plant‌ ‌growth‌ ‌like‌ ‌algae‌ ‌in‌‌                         

rivers,‌ ‌which‌ ‌causes‌‌severe‌‌reductions‌‌in‌‌water‌‌quality‌‌and‌‌animal‌‌populations.‌‌Emissions‌‌                       

of‌‌ammonia,‌‌nitrates,‌‌nitrogen‌‌oxides‌‌and‌‌phosphorus‌‌to‌‌air‌‌or‌‌water‌‌all‌‌have‌‌an‌‌impact‌‌on‌‌                               

eutrophication.‌ ‌Direct‌ ‌and‌ ‌indirect‌ ‌impacts‌ ‌of‌ ‌fertilizers‌ ‌are‌ ‌included‌ ‌in‌ ‌the‌ ‌method.‌ ‌The‌‌                         

direct‌ ‌impacts‌ ‌are‌ ‌from‌ ‌production‌ ‌of‌ ‌the‌ ‌fertilizers‌ ‌and‌ ‌the‌ ‌indirect‌ ‌ones‌ ‌are‌ ‌calculated‌‌                           

using‌ ‌the‌ ‌IPCC‌ ‌method‌ ‌to‌ ‌estimate‌ ‌emissions‌ ‌to‌ ‌water‌ ‌causing‌ ‌eutrophication.‌‌                     

Eutrophication‌ ‌Potential‌ ‌is‌ ‌divided‌ ‌into‌ ‌three‌ ‌subcategories.‌‌  

3.3.7.3.1‌ ‌Freshwater‌ ‌Eutrophication‌‌ ‌  

With‌‌respect‌‌to‌‌freshwater‌‌eutrophication,‌‌phosphorus‌‌is‌‌the‌‌limiting‌‌factor,‌‌therefore‌‌only‌‌                       

P-compounds‌‌are‌‌provided‌‌for‌‌the‌‌assessment‌‌of‌‌freshwater‌‌eutrophication.‌‌The‌‌reference‌‌                     

unit‌ ‌is‌ ‌expressed‌ ‌as‌ ‌kg‌ ‌P‌ ‌equivalent.‌ ‌This‌ ‌category‌ ‌is‌ ‌based‌ ‌on‌ ‌the‌ ‌work‌ ‌of‌ ‌ReCiPe2008.‌ ‌ 

3.3.7.3.2‌ ‌Marine‌ ‌Eutrophication‌‌ ‌  

With‌ ‌respect‌ ‌to‌ ‌marine‌ ‌eutrophication,‌ ‌nitrogen‌ ‌is‌ ‌the‌ ‌limiting‌ ‌factor,‌ ‌therefore‌ ‌only‌‌                       

N-compounds‌‌are‌‌included‌‌in‌‌the‌‌characterization‌‌of‌‌marine‌‌eutrophication.‌‌The‌‌reference‌‌                     

unit‌ ‌is‌ ‌expressed‌ ‌as‌ ‌kg‌ ‌N‌ ‌equivalent.‌ ‌This‌ ‌category‌ ‌is‌ ‌based‌ ‌on‌ ‌the‌ ‌work‌ ‌of‌ ‌ReCiPe2008.‌‌ ‌  

3.3.7.3.3‌ ‌Terrestrial‌ ‌Eutrophication‌‌ ‌  

With‌ ‌respect‌ ‌to‌ ‌terrestrial‌ ‌eutrophication,‌ ‌the‌ ‌concentration‌ ‌of‌ ‌nitrogen‌ ‌is‌ ‌the‌ ‌limiting‌‌                       

factor.‌ ‌This‌ ‌category‌ ‌is‌ ‌based‌ ‌on‌ ‌the‌ ‌work‌ ‌of‌ ‌Seppala‌ ‌and‌ ‌Posch.‌ ‌Units‌ ‌of‌ ‌the‌‌                             

characterization‌ ‌factor‌ ‌are‌ ‌mol‌ ‌N‌ ‌equivalent.‌‌ ‌  

3.3.7.4.‌ ‌Disease‌ ‌Incidence‌ ‌ 

PM‌ ‌model‌ ‌recommended‌ ‌by‌ ‌UNEP‌ ‌‌13‌ ‌ ‌  

‌ 
‌ 
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Fine‌ ‌particulate‌ ‌matter‌ ‌(PM2.5)‌ ‌is‌ ‌considered‌ ‌to‌ ‌be‌ ‌one‌ ‌of‌ ‌the‌ ‌most‌ ‌important‌‌                         

environmental‌‌factors‌‌contributing‌‌to‌‌the‌‌global‌‌human‌‌disease‌‌burden‌‌‌13‌.‌‌The‌‌particulate‌                       

matter‌ ‌impact‌ ‌category‌ ‌quantifies‌ ‌human‌ ‌health‌ ‌effects‌ ‌associated‌ ‌with‌ ‌exposure‌ ‌to‌‌                     

PM2.5.‌‌The‌‌impact‌‌is‌‌calculated‌‌by‌‌calculating‌‌the‌‌direct‌‌emissions‌‌of‌‌PM2.5‌‌along‌‌with‌‌data‌‌                             

on‌‌emission‌‌location‌‌such‌‌as‌‌population‌‌density‌‌and‌‌height‌‌of‌‌PM2.5‌‌release.‌‌This‌‌data‌‌will‌‌                             

inform‌ ‌the‌ ‌disease‌ ‌incidences‌ ‌emitted.‌ ‌The‌ ‌same‌ ‌approach‌ ‌is‌ ‌calculated‌ ‌for‌ ‌background‌‌                       

PM2.5‌ ‌emissions.‌ ‌The‌ ‌characterization‌ ‌factors‌ ‌provided‌ ‌by‌ ‌the‌ ‌model‌ ‌for‌ ‌the‌ ‌average‌‌                       

Emissions‌‌Reduction‌‌Fund‌‌(ERF)‌‌were‌‌collected‌‌as‌‌they‌‌are‌‌published‌‌by‌‌model‌‌developers‌‌                         

and‌ ‌then‌ ‌mapped‌ ‌to‌ ‌the‌ ‌ILCD‌ ‌elementary‌‌flow‌‌list.‌‌The‌‌PM2.5‌‌and‌‌PM10‌‌characterization‌‌                           

factors‌ ‌are‌ ‌from‌ ‌the‌ ‌‌reference‌ ‌elementary‌ ‌flow‌ ‌of‌ ‌the‌ ‌International‌ ‌Reference‌ ‌Life‌ ‌Cycle‌‌                         

Data‌ ‌System‌ ‌(ILCD).‌ ‌ 

3.3.7.5.‌ ‌Water‌ ‌Scarcity‌ ‌(Aware‌ ‌Methodology)‌ ‌ 

Available‌ ‌WAter‌ ‌REmaining‌ ‌(AWARE)‌ ‌‌14‌ ‌ ‌  

Water‌‌use‌‌is‌‌measured‌‌using‌‌the‌‌AWARE‌‌method.‌‌This‌‌approach‌‌is‌‌based‌‌on‌‌the‌‌available‌‌                             

water‌‌remaining‌‌(AWARE)‌‌per‌‌unit‌‌of‌‌surface‌‌area‌‌in‌‌a‌‌given‌‌watershed‌‌relative‌‌to‌‌the‌‌world‌‌                               

average‌ ‌after‌ ‌human‌ ‌and‌ ‌aquatic‌ ‌ecosystem‌ ‌demands‌ ‌have‌ ‌been‌ ‌met.‌ ‌The‌ ‌resulting‌‌                       

characterization‌‌factor‌‌(CF)‌‌ranges‌‌between‌‌0.1‌‌and‌‌100‌‌and‌‌can‌‌be‌‌used‌‌to‌‌calculate‌‌water‌‌                             

scarcity‌‌footprints‌‌as‌‌defined‌‌in‌‌the‌‌ISO‌‌standard‌‌‌14‌.‌‌Units‌‌of‌‌the‌‌characterization‌‌factor‌‌are‌‌                             

dimensionless,‌ ‌expressed‌ ‌in‌ ‌‌m‌3‌ ‌world‌ ‌eq./m‌3‌.‌ ‌Figure‌ ‌2‌‌provides‌‌the‌‌AWARE‌‌overlay‌‌map‌‌                         

for‌ ‌the‌ ‌region,‌ ‌highlighting‌ ‌regions‌ ‌with‌ ‌high‌ ‌characterization‌ ‌factors‌ ‌for‌ ‌this‌ ‌impact‌‌                       

category.‌ ‌Woxna‌ ‌Graphite‌ ‌mine‌ ‌location‌ ‌is‌ ‌at‌ ‌lower‌ ‌water‌ ‌scarcity‌ ‌risk‌ ‌(green)‌ ‌to‌‌                         

surrounding‌ ‌areas‌ ‌(orange‌ ‌and‌ ‌red‌ ‌areas).‌‌ ‌  
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Figure‌ ‌2:‌ ‌Regional‌ ‌Water‌ ‌Scarcity‌ ‌Impact‌ ‌for‌ ‌Kringelgruvan‌ ‌Mine,‌ ‌Sweden.‌‌ ‌  

3.3.8.‌ ‌Interpretation‌ ‌ 

The‌‌results‌‌were‌‌interpreted‌‌with‌‌reference‌‌to‌‌the‌‌goal‌‌and‌‌scope,‌‌comparing‌‌the‌‌impacts‌‌                           

associated‌ ‌with‌ ‌the‌ ‌identified‌ ‌process‌ ‌routes,‌ ‌geographic‌ ‌regions‌ ‌and‌ ‌technology‌‌                   

employed.‌ ‌Contribution‌ ‌analysis,‌ ‌sensitivity‌‌analysis‌‌and‌‌uncertainty‌‌analysis‌‌were‌‌carried‌‌                   

out‌ ‌to‌ ‌support‌ ‌the‌ ‌interpretation‌ ‌of‌ ‌the‌ ‌LCA.‌ ‌ 

3.3.9.‌ ‌Data‌ ‌Quality‌ ‌Requirements‌ ‌ 

The‌‌cradle-to-gate‌‌data‌‌was‌‌reviewed‌‌at‌‌a‌‌high‌‌level‌‌by‌‌the‌‌technical‌‌experts‌‌reviewing‌‌this‌‌                             

LCA‌ ‌study.‌ ‌The‌ ‌key‌ ‌data‌ ‌criteria‌ ‌used‌ ‌to‌ ‌create‌ ‌the‌ ‌LCI‌ ‌for‌ ‌this‌ ‌study‌ ‌were:‌‌ ‌  

‌ 
‌ 
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● Technological,‌ ‌Time‌ ‌and‌ ‌Geographical‌ ‌Representativeness‌ ‌-‌ ‌Representativeness‌‌             

assesses‌ ‌to‌ ‌what‌ ‌extent‌ ‌the‌ ‌used‌ ‌data‌ ‌matches‌ ‌geographical,‌ ‌temporal‌ ‌and‌‌                     

technological‌‌aspects‌‌of‌‌the‌‌goal‌‌and‌‌scope‌‌of‌‌the‌‌study.‌‌By‌‌utilizing‌‌representative‌‌                         

data‌ ‌for‌ ‌all‌ ‌foreground‌ ‌processes,‌ ‌the‌ ‌study‌ ‌can‌ ‌be‌ ‌made‌ ‌as‌ ‌representative‌ ‌as‌‌                         

possible.‌ ‌When‌ ‌primary‌ ‌data‌ ‌is‌ ‌not‌ ‌available,‌ ‌best-available‌ ‌proxy‌ ‌data‌ ‌can‌ ‌be‌‌                       

employed.‌ ‌ 

● Completeness‌ ‌-‌ ‌Completeness‌ ‌is‌ ‌judged‌ ‌based‌ ‌on‌ ‌completeness‌ ‌of‌ ‌inputs‌ ‌and‌‌                     

outputs‌ ‌per‌ ‌unit‌ ‌processes‌ ‌and‌ ‌completeness‌ ‌of‌‌the‌‌unit‌‌processes.‌‌The‌‌goal‌‌is‌‌to‌‌                           

capture‌ ‌all‌ ‌relevant‌ ‌data‌ ‌in‌ ‌terms‌ ‌of‌ ‌unit‌ ‌processes‌ ‌and‌ ‌associated‌ ‌inputs‌ ‌and‌‌                         

outputs.‌ ‌ 

● Precision‌ ‌-‌ ‌Measured‌ ‌primary‌ ‌data‌ ‌are‌ ‌considered‌ ‌to‌ ‌be‌ ‌of‌ ‌the‌ ‌highest‌ ‌precision,‌‌                         

followed‌ ‌by‌ ‌calculated‌ ‌data,‌ ‌data‌ ‌from‌ ‌literature‌ ‌and‌‌estimated‌‌data.‌‌This‌‌study‌‌is‌‌                         

carried‌ ‌out‌ ‌with‌ ‌either‌ ‌measured‌ ‌or‌ ‌calculated‌ ‌data.‌ ‌ 

● Methodological‌ ‌Appropriateness‌ ‌and‌ ‌Consistency‌ ‌-‌ ‌This‌ ‌refers‌ ‌to‌ ‌choices‌ ‌made‌ ‌in‌‌                     

regard‌ ‌to‌ ‌modelling‌ ‌and‌ ‌data‌ ‌sources.‌ ‌The‌ ‌differences‌ ‌should‌ ‌reflect‌ ‌actual‌‌                     

differences‌ ‌between‌ ‌the‌ ‌two‌ ‌distinct‌ ‌product‌ ‌systems‌ ‌and‌ ‌not‌ ‌due‌ ‌to‌‌                     

inconsistencies‌ ‌in‌ ‌terms‌ ‌of‌ ‌modelling,‌ ‌data‌ ‌sources,‌ ‌etc.‌ ‌ 

Table‌‌7‌‌details‌‌the‌‌grading‌‌system‌‌of‌‌the‌‌data‌‌quality‌‌indicators.‌‌An‌‌evaluation‌‌of‌‌the‌‌data‌‌                               

quality‌ ‌with‌ ‌regard‌ ‌to‌ ‌the‌ ‌data‌ ‌quality‌ ‌requirements‌ ‌mentioned‌ ‌below‌ ‌can‌ ‌be‌ ‌found‌ ‌in‌‌                           

Chapter‌ ‌5.‌ ‌ 

‌   
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Table‌ ‌7:‌ ‌‌Grading‌ ‌Guidelines‌ ‌for‌ ‌Data‌ ‌Quality‌ ‌Assessment‌ ‌as‌ ‌per‌ ‌ISO‌ ‌14040/44:2006‌ ‌Standards‌.‌ ‌ 

3.3.10.‌ ‌Critical‌ ‌Review‌ ‌ 

A‌ ‌critical‌ ‌review‌ ‌was‌ ‌carried‌ ‌out‌ ‌by‌ ‌independent‌‌experts‌‌and‌‌together‌‌cover‌‌the‌‌required‌‌                           

competencies‌‌relevant‌‌to‌‌the‌‌critical‌‌review.‌‌Their‌‌findings‌‌and‌‌suggestions‌‌to‌‌improve‌‌the‌‌                         

study‌ ‌have‌ ‌been‌ ‌included‌ ‌in‌ ‌Appendix‌ ‌B.‌‌ ‌  

‌ 
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‌  Very‌ ‌Good‌ ‌  Good‌ ‌  Fair‌ ‌  Poor‌ ‌  Very‌ ‌Poor‌ ‌ 

Technological‌‌ 
representativeness‌ ‌ 

All‌ ‌Technology‌‌ 
aspects‌ ‌of‌ ‌data‌‌ 
have‌ ‌been‌‌ 
modelled.‌ ‌ 

From‌‌ 
Technology‌‌ 
specific‌ ‌to‌ ‌the‌‌ 
region.‌ ‌ 

Generic‌‌ 
technology‌‌ 
average.‌ ‌ 

Technology‌‌ 
dissimilar‌ ‌to‌‌ 
what‌ ‌is‌ ‌used.‌ ‌ 

Old‌ ‌to‌ ‌dissimilar‌‌ 
technology‌ ‌used.‌ ‌ 

Time‌‌ 
representativeness‌ ‌ 

The‌ ‌data‌ ‌is‌ ‌≤‌ ‌2‌‌ 
years‌ ‌old‌ ‌with‌‌ 
respect‌ ‌to‌ ‌the‌‌ 
dataset.‌ ‌ 

The‌ ‌data‌ ‌is‌ ‌≤‌ ‌4‌‌ 
years‌ ‌old‌ ‌with‌‌ 
respect‌ ‌to‌ ‌the‌‌ 
dataset.‌ ‌ 

The‌ ‌data‌ ‌≤‌ ‌6‌‌ 
years‌ ‌old‌ ‌with‌‌ 
respect‌ ‌to‌ ‌the‌‌ 
dataset.‌ ‌ 

The‌ ‌data‌ ‌≤‌ ‌8‌‌ 
years‌ ‌old‌ ‌with‌‌ 
respect‌ ‌to‌ ‌the‌‌ 
dataset.‌ ‌ 

The‌ ‌data‌ ‌>‌ ‌8‌ ‌years‌‌ 
with‌ ‌respect‌ ‌to‌ ‌the‌‌ 
dataset.‌ ‌ 

Geographical‌‌ 
representativeness‌ ‌ 

Region‌ ‌of‌‌ 
interest‌ ‌is‌ ‌fully‌‌ 
represented‌ ‌in‌‌ 
data.‌ ‌ 

Country‌ ‌of‌‌ 
interest‌ ‌is‌‌ 
represented‌ ‌in‌‌ 
the‌ ‌data.‌ ‌ 

Global‌ ‌average‌‌ 
is‌ ‌represented‌‌ 
in‌ ‌data.‌ ‌ 

Similar‌‌ 
regions‌ ‌are‌‌ 
represented‌‌ 
in‌ ‌data.‌ ‌ 

Data‌ ‌represented‌ ‌is‌‌ 
from‌ ‌a‌ ‌distinctly‌‌ 
dissimilar‌ ‌region‌ ‌of‌‌ 
project‌ ‌location.‌ ‌ 

Completeness‌ ‌  Data‌‌ 
representative‌‌ 
of‌ ‌the‌ ‌entire‌ 
target‌ ‌region.‌ ‌ 

Samples‌ ‌from‌‌ 
>‌ ‌50%‌ ‌of‌ ‌the‌‌ 
target‌ ‌region.‌ ‌ 

Sample‌ ‌is‌ ‌≤‌‌ 
50%‌ ‌of‌ ‌the‌‌ 
target‌ ‌region.‌ ‌ 

Sample‌ ‌from‌‌ 
small‌ ‌parts‌ ‌of‌‌ 
the‌ ‌target‌‌ 
region.‌ ‌ 

Unknown‌ ‌coverage.‌ 

Precision‌ ‌  Measured‌ ‌and‌‌ 
verified‌ ‌value.‌‌ 
Very‌ ‌low‌‌ 
uncertainty‌ ‌(<‌‌ 
7%)‌ ‌ 

Estimates‌‌ 
based‌ ‌on‌‌ 
measured‌ ‌and‌‌ 
prior‌ ‌values.‌ ‌ 

Estimates‌‌ 
based‌ ‌on‌‌ 
expert‌‌ 
judgment.‌ ‌ 

Estimates‌‌ 
based‌ ‌on‌‌ 
calculations,‌‌ 
not‌ ‌checked‌ 
by‌ ‌the‌‌ 
reviewer.‌ ‌ 

Rough‌ ‌estimate‌‌ 
with‌ ‌known‌ ‌deficits‌ 

Methodological‌‌ 
Appropriateness‌ 
and‌ ‌Consistency‌ ‌ 

Criterium‌ ‌is‌‌ 
met.‌ ‌ 

Mostly‌ ‌the‌‌ 
criteria‌ ‌is‌ ‌met,‌‌ 
small‌‌ 
improvements‌‌ 
required.‌ ‌ 

Criterium‌‌ 
partially‌ ‌met,‌‌ 
additional‌‌ 
information‌‌ 
required.‌ ‌ 

Does‌ ‌not‌‌ 
meet‌ ‌the‌‌ 
criteria‌ ‌to‌ ‌a‌‌ 
sufficient‌‌ 
degree.‌ ‌ 

Criterium‌ ‌is‌ ‌not‌‌ 
met.‌ ‌ 
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4.‌ ‌Results‌‌ ‌  
4.1.‌ ‌Global‌ ‌Warming‌ ‌Potential‌ ‌ 
Kg‌ ‌CO‌2‌‌ ‌equivalent.‌ ‌ 

4.1.1‌ ‌Global‌ ‌Warming‌ ‌Potential‌‌ ‌  
4.1.1.1.‌ ‌Coated‌ ‌Spheronized‌ ‌Purified‌ ‌Graphite‌ ‌ 

The‌‌total‌‌Global‌‌Warming‌‌Potential‌‌(GWP)‌‌for‌‌the‌‌Woxna‌‌graphite‌‌project‌‌is‌‌1.7‌‌kg‌‌CO‌2‌ ‌eq.‌‌                               

per‌ ‌kg‌ ‌CSPG,‌ ‌as‌ ‌shown‌ ‌in‌ ‌Figure‌ ‌3.‌ ‌The‌ ‌largest‌ ‌contributor‌ ‌to‌ ‌GWP‌ ‌is‌ ‌the‌ ‌upgrade‌‌plant,‌‌                                 

with‌‌1.5‌‌kg‌‌CO‌2‌ ‌eq.‌‌per‌‌kg‌‌CSPG,‌‌followed‌‌by‌‌the‌‌concentrator‌‌and‌‌mine,‌‌which‌‌contribute‌‌                               

0.1‌ ‌kg‌ ‌CO‌2‌ ‌eq.‌ ‌per‌ ‌kg‌ ‌CSPG‌ ‌each.‌ ‌The‌ ‌relative‌ ‌GWP‌ ‌impact‌‌from‌‌waste‌‌management‌‌and‌‌                               

transportation‌ ‌are‌ ‌negligible,‌ ‌<‌ ‌0.1‌ ‌kg‌ ‌CO‌2‌ ‌eq.‌ ‌per‌ ‌kg‌ ‌CSPG.‌ ‌Waste‌ ‌management‌ ‌and‌‌                           

transportation‌ ‌have‌ ‌not‌ ‌been‌ ‌included‌ ‌in‌ ‌the‌ ‌contribution‌ ‌analysis‌ ‌by‌ ‌stage‌ ‌due‌ ‌to‌ ‌their‌‌                           

minimal‌ ‌impact‌ ‌to‌ ‌the‌ ‌overall‌ ‌GWP.‌ ‌ 

‌ 

Figure‌ ‌3:‌ ‌Overall‌ ‌Global‌ ‌Warming‌ ‌Potential‌ ‌by‌ ‌Stage‌ ‌for‌ ‌the‌ ‌Production‌ ‌of‌ ‌Coated‌ ‌Spheronized‌ ‌Purified‌ ‌Graphite.‌ ‌ ‌   

‌ 
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4.1.1.2.‌ ‌Micronized‌ ‌Graphite‌ ‌ 

The‌‌overall‌‌Global‌‌Warming‌‌Potential‌‌(GWP)‌‌of‌‌the‌‌micronized‌‌graphite‌‌produced‌‌from‌‌the‌‌                         

Woxna‌ ‌graphite‌ ‌project‌ ‌is‌ ‌calculated‌ ‌to‌ ‌be‌‌0.04‌‌kg‌‌CO‌2‌ ‌eq.‌‌per‌‌kg‌‌micronized‌‌graphite,‌‌as‌‌                               

shown‌‌in‌‌Figure‌‌4.‌‌The‌‌mine,‌‌concentrator‌‌and‌‌upgrade‌‌plant‌‌each‌‌contribute‌‌0.01‌‌kg‌‌CO‌2‌ ‌                             

eq.‌ ‌per‌ ‌kg‌ ‌micronized‌ ‌graphite.‌ ‌The‌ ‌relative‌ ‌contributions‌ ‌to‌‌the‌‌GWP‌‌impact‌‌from‌‌waste‌‌                           

management‌ ‌and‌ ‌transportation‌ ‌are‌ ‌negligible,‌ ‌<‌ ‌0.01‌ ‌kg‌ ‌CO‌2‌ ‌eq.‌ ‌per‌ ‌kg‌ ‌micronized‌‌                         

graphite.‌ ‌ 

‌ 

Figure‌ ‌4:‌ ‌Overall‌ ‌Global‌ ‌Warming‌ ‌Potential‌ ‌by‌ ‌Stage‌ ‌for‌ ‌the‌ ‌Production‌ ‌of‌ ‌Micronized‌ ‌Graphite.‌‌ ‌  

‌   
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4.1.1‌ ‌Global‌ ‌Warming‌ ‌Potential‌ ‌by‌ ‌Contribution‌ ‌Analysis‌ ‌ 

Contribution‌ ‌analysis‌ ‌for‌ ‌the‌ ‌production‌ ‌of‌‌CSPG‌‌and‌‌micronized‌‌graphite‌‌for‌‌the‌‌mining,‌‌                         

concentrating‌ ‌and‌ ‌upgrade‌ ‌processing‌ ‌is‌ ‌shown‌ ‌in‌ ‌Figure‌ ‌5‌ ‌and‌ ‌Figure‌ ‌6.‌‌ ‌  

4.1.1.1‌ ‌Mine‌ ‌Site‌ ‌ 

For‌ ‌CSPG‌ ‌and‌‌micronized‌‌graphite,‌‌the‌‌largest‌‌contributor‌‌to‌‌the‌‌overall‌‌GWP‌‌of‌‌the‌‌mine‌‌                             

site‌ ‌is‌ ‌the‌ ‌use‌ ‌of‌ ‌ANFO,‌ ‌with‌ ‌54.3%‌ ‌of‌ ‌the‌ ‌total.‌ ‌Embodied‌ ‌and‌ ‌direct‌ ‌impacts‌ ‌of‌ ‌the‌‌                                 

production‌ ‌and‌ ‌combustion‌ ‌of‌ ‌diesel‌ ‌contribute‌ ‌45.7%‌ ‌to‌ ‌the‌ ‌total‌ ‌GWP‌ ‌of‌ ‌the‌ ‌mine‌ ‌site.‌ ‌ 

4.1.1.2‌ ‌Concentrator‌ ‌Plant‌ ‌ 

For‌ ‌CSPG‌ ‌and‌ ‌micronized‌ ‌graphite,‌ ‌the‌ ‌largest‌ ‌contributor‌‌to‌‌GWP‌‌from‌‌the‌‌concentrator‌‌                         

plant‌‌is‌‌the‌‌use‌‌of‌‌electricity.‌‌This‌‌accounts‌‌for‌‌61.1%‌‌of‌‌the‌‌total,‌‌as‌‌shown‌‌in‌‌Figure‌‌5‌‌and‌‌                                     

Figure‌ ‌6.‌ ‌MIBC‌ ‌contributes‌ ‌23.2%‌ ‌of‌ ‌the‌ ‌GWP‌ ‌impact.‌ ‌Steel‌ ‌mill‌ ‌rods,‌ ‌diesel‌ ‌and‌ ‌ceramic‌‌                             

grinding‌ ‌media‌ ‌contribute‌ ‌10.1%,‌ ‌2.8%‌ ‌and‌ ‌2.3%,‌ ‌respectively.‌ ‌Consumption‌ ‌of‌‌flocculant‌‌                     

and‌ ‌water‌ ‌have‌ ‌a‌ ‌negligible‌ ‌contribution‌ ‌to‌ ‌the‌ ‌GWP‌ ‌of‌ ‌the‌ ‌concentrator‌ ‌for‌ ‌both‌ ‌products.‌ ‌ 

4.1.1.3‌ ‌Upgrade‌ ‌Plant‌‌ ‌  

For‌ ‌CSPG,‌ ‌the‌ ‌largest‌ ‌contributor‌ ‌to‌ ‌GWP‌ ‌from‌ ‌the‌ ‌upgrade‌ ‌plant‌ ‌is‌ ‌the‌ ‌use‌ ‌of‌ ‌gaseous‌‌                               

argon‌ ‌in‌ ‌the‌ ‌upgrading‌ ‌process.‌ ‌This‌ ‌contributes‌ ‌54.3%‌ ‌of‌ ‌the‌ ‌total‌ ‌impact,‌ ‌as‌ ‌shown‌ ‌in‌‌                             

Figure‌ ‌5.‌ ‌The‌ ‌consumption‌ ‌of‌ ‌the‌ ‌other‌ ‌reagents:‌ ‌nitrogen,‌ ‌solvent,‌ ‌and‌ ‌pitch‌ ‌contribute‌‌                         

20.6%,‌ ‌12.1%,‌ ‌and‌ ‌1.8%‌ ‌of‌ ‌the‌ ‌total‌ ‌impact‌ ‌to‌ ‌product‌ ‌CSPG.‌ ‌Electricity‌ ‌and‌ ‌water‌‌                           

consumption‌ ‌contribute‌ ‌10.7%‌ ‌and‌ ‌0.5%‌ ‌respectively.‌ ‌ 

The‌ ‌contribution‌ ‌analysis‌ ‌for‌ ‌the‌ ‌production‌ ‌of‌ ‌micronized‌ ‌graphite‌ ‌is‌ ‌shown‌‌in‌‌Figure‌‌6.‌‌                           

Electricity‌‌contributes‌‌93.1%‌‌and‌‌water‌‌consumption‌‌contributes‌‌6.9%‌‌of‌‌the‌‌environmental‌‌                     

impact.‌ ‌ 

‌ 
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Figure‌ ‌5:‌ ‌Contribution‌ ‌Analysis‌ ‌for‌ ‌the‌ ‌Global‌ ‌Warming‌ ‌Potential‌ ‌Category‌ ‌of‌ ‌Coated‌ ‌Spheronized‌ ‌Purified‌ ‌Graphite.‌ ‌ 

Figure‌ ‌6:‌ ‌Contribution‌ ‌Analysis‌ ‌of‌ ‌the‌ ‌for‌ ‌the‌ ‌Global‌ ‌Warming‌ ‌Potential‌ ‌Category‌ ‌of‌ ‌Micronized‌ ‌Graphite.‌ ‌ ‌   

‌ 
‌ 

31‌ ‌-‌‌ ‌‌Leading‌ ‌Edge‌ ‌Materials‌ ‌Corp‌ ‌-‌ ‌Life‌ ‌Cycle‌ ‌Assessment‌ ‌-‌ ‌August‌ ‌2021‌ ‌-‌ ‌Version‌ ‌Final‌ ‌  ‌      ‌‌www.minviro.com‌‌ ‌  

http://www.minviro.com/


‌  ‌  ‌  ‌   

‌ 

4.2.‌ ‌Acidification‌ ‌Potential‌ ‌(Freshwater‌ ‌and‌ ‌Terrestrial)‌ 
Mol‌ ‌H‌+‌‌ ‌equivalent.‌ ‌ 

4.2.1.‌ ‌Acidification‌ ‌Potential‌‌ ‌  

4.2.1.1.‌ ‌Coated‌ ‌Spheronized‌ ‌Purified‌ ‌Graphite‌ ‌ 

The‌ ‌overall‌ ‌Freshwater‌ ‌and‌ ‌Terrestrial‌ ‌Acidification‌ ‌Potential‌ ‌(AP)‌ ‌for‌ ‌the‌ ‌Woxna‌‌graphite‌‌                       

project‌‌is‌‌estimated‌‌to‌‌be‌‌approximately‌‌8.6E‌-3‌ ‌mol‌‌H‌+‌ ‌eq.‌‌per‌‌kg‌‌CSPG,‌‌as‌‌shown‌‌in‌‌Figure‌‌                                 

7.‌ ‌The‌ ‌largest‌ ‌contributor‌ ‌to‌ ‌the‌ ‌overall‌ ‌AP‌ ‌is‌ ‌the‌ ‌upgrade‌ ‌plant,‌‌which‌‌contributes‌‌7.6E‌-3‌ ‌                             

mol‌ ‌H‌+‌ ‌eq.‌‌per‌‌kg‌‌CSPG.‌‌The‌‌mine‌‌site‌‌and‌‌concentrator‌‌plant‌‌each‌‌contribute‌‌<7.8E‌-4‌ ‌mol‌‌                               

H‌+‌ ‌eq.‌ ‌per‌ ‌kg‌ ‌CSPG.‌ ‌Contribution‌ ‌analysis‌ ‌by‌ ‌stage‌ ‌for‌ ‌transport‌‌and‌‌waste‌‌management‌                           

has‌ ‌not‌ ‌been‌ ‌carried‌‌out‌‌due‌‌to‌‌those‌‌stages‌‌having‌‌a‌‌negligible‌‌impact‌‌on‌‌the‌‌overall‌‌AP‌‌                                 

results.‌ ‌ 

‌ 

Figure‌ ‌7:‌ ‌Overall‌ ‌Acidification‌ ‌Potential‌ ‌by‌ ‌Stage‌ ‌for‌ ‌the‌ ‌Production‌ ‌of‌ ‌Coated‌ ‌Spheronized‌ ‌Purified‌ ‌Graphite.‌ ‌ 

‌ 
‌ 

32‌ ‌-‌‌ ‌‌Leading‌ ‌Edge‌ ‌Materials‌ ‌Corp‌ ‌-‌ ‌Life‌ ‌Cycle‌ ‌Assessment‌ ‌-‌ ‌August‌ ‌2021‌ ‌-‌ ‌Version‌ ‌Final‌ ‌  ‌      ‌‌www.minviro.com‌‌ ‌  

http://www.minviro.com/


‌  ‌  ‌  ‌   

‌ 

4.2.1.2.‌ ‌Micronized‌ ‌Graphite‌ ‌ 

The‌ ‌overall‌ ‌Freshwater‌ ‌and‌ ‌Terrestrial‌ ‌Acidification‌ ‌Potential‌ ‌(AP)‌ ‌for‌ ‌the‌ ‌Woxna‌‌graphite‌‌                       

project‌‌is‌‌estimated‌‌to‌‌be‌‌1.4E‌-4‌ ‌mol‌‌H‌+‌ ‌eq.‌‌per‌‌kg‌‌micronized‌‌graphite,‌‌as‌‌shown‌‌in‌‌Figure‌‌                                 

8.‌ ‌The‌ ‌mine‌ ‌site‌ ‌is‌ ‌the‌ ‌largest‌ ‌contributor‌ ‌to‌‌the‌‌overall‌‌AP,‌‌contributing‌‌9.3E‌-5‌ ‌‌mol‌‌H‌+‌ ‌eq.‌‌                                 

per‌ ‌kg‌ ‌micronized‌ ‌graphite.‌ ‌The‌ ‌concentrator‌ ‌contributes‌ ‌2.7E‌-5‌ ‌mol‌ ‌H‌+‌ ‌eq.‌ ‌per‌ ‌kg‌‌                         

micronized‌ ‌graphite,‌ ‌with‌ ‌the‌ ‌upgrade‌ ‌plant‌ ‌contributing‌ ‌1.9E‌-5‌ ‌mol‌ ‌H‌+‌ ‌eq.‌ ‌per‌ ‌kg‌‌                         

micronized‌ ‌graphite.‌ ‌Transport‌ ‌contributes‌ ‌4.6E‌-6‌ ‌mol‌ ‌H‌+‌ ‌eq.‌ ‌per‌ ‌kg‌ ‌micronized‌ ‌graphite.‌‌                       

The‌ ‌contribution‌ ‌of‌ ‌waste‌ ‌management‌ ‌to‌ ‌the‌ ‌overall‌ ‌AP‌ ‌is‌ ‌minimal.‌ ‌ 

‌ 

‌ 

Figure‌ ‌8:‌ ‌Overall‌ ‌Acidification‌ ‌Potential‌ ‌by‌ ‌Stage‌ ‌for‌ ‌the‌ ‌Production‌ ‌of‌ ‌Micronized‌ ‌Graphite.‌‌ ‌  
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4.2.1.‌ ‌Acidification‌ ‌Potential‌ ‌by‌ ‌Contribution‌ ‌Analysis‌ ‌ 

Figure‌ ‌9‌ ‌and‌ ‌Figure‌ ‌10‌ ‌show‌ ‌the‌ ‌contribution‌ ‌analysis‌ ‌for‌ ‌the‌ ‌mine,‌ ‌concentrator‌ ‌and‌‌                           

upgrade‌ ‌plant‌ ‌for‌ ‌the‌ ‌production‌ ‌of‌ ‌the‌ ‌two‌ ‌graphite‌‌products.‌‌Contribution‌‌analysis‌‌has‌‌                         

not‌ ‌been‌ ‌conducted‌ ‌for‌ ‌transport‌ ‌and‌ ‌waste‌ ‌management,‌ ‌as‌‌the‌‌impact‌‌is‌‌minimal.‌‌The‌‌                           

tailings‌ ‌are‌ ‌assumed‌ ‌to‌ ‌be‌ ‌non-acid‌ ‌generating‌ ‌according‌ ‌to‌ ‌the‌ ‌PEA‌ ‌study.‌ ‌If‌ ‌this‌ ‌is‌ ‌to‌‌                               

change,‌ ‌this‌ ‌will‌ ‌need‌ ‌to‌ ‌be‌ ‌considered‌ ‌(see‌ ‌recommendations‌ ‌10.2).‌ ‌ 

4.2.1.1‌ ‌Mine‌ ‌Site‌ ‌ 

For‌ ‌CSPG‌ ‌and‌ ‌micronized‌ ‌graphite,‌‌the‌‌largest‌‌contributor‌‌to‌‌AP‌‌from‌‌the‌‌mine‌‌site‌‌is‌‌the‌‌                               

use‌‌of‌‌ANFO,‌‌accounting‌‌for‌‌67.7%‌‌of‌‌the‌‌total‌‌impact‌‌for‌‌this‌‌impact‌‌category.‌ ‌Impacts‌‌of‌‌                               

the‌ ‌production‌ ‌and‌ ‌combustion‌ ‌of‌ ‌diesel‌ ‌contribute‌ ‌32.3%‌ ‌to‌ ‌the‌ ‌total‌ ‌AP‌ ‌of‌ ‌the‌ ‌mine‌ ‌site.‌‌ ‌  

4.2.1.2‌ ‌Concentrator‌ ‌Plant‌ ‌ 

At‌‌the‌‌concentrator‌‌plant,‌‌for‌‌CSPG‌‌and‌‌micronized‌‌graphite,‌‌the‌‌largest‌‌contributor‌‌to‌‌AP‌‌                           

is‌ ‌the‌ ‌MIBC‌ ‌consumption.‌ ‌This‌ ‌contributes‌ ‌43.4%‌ ‌of‌ ‌the‌ ‌total‌ ‌impact‌ ‌for‌ ‌the‌ ‌AP‌ ‌of‌ ‌the‌‌                               

concentrator‌ ‌plant.‌ ‌This‌ ‌is‌ ‌as‌ ‌a‌ ‌result‌ ‌of‌ ‌the‌ ‌embodied‌ ‌impact‌ ‌associated‌ ‌with‌ ‌the‌‌                           

production‌ ‌of‌ ‌MIBC.‌ ‌Electricity‌ ‌contributes‌ ‌21.9%‌ ‌and‌ ‌consumption‌ ‌of‌ ‌diesel‌ ‌as‌ ‌flotation‌‌                       

reagent‌‌contributes‌‌12.6%.‌‌The‌‌use‌‌of‌‌steel‌‌rod‌‌mill‌‌and‌‌ceramic‌‌grinding‌‌media‌‌contribute‌‌                           

16.7%‌ ‌and‌ ‌4.5%‌ ‌towards‌ ‌the‌ ‌total‌ ‌AP,‌ ‌respectively,‌ ‌and‌ ‌the‌ ‌contribution‌ ‌from‌ ‌the‌ ‌use‌ ‌of‌‌                             

flocculant‌ ‌is‌ ‌negligible.‌ ‌ ‌   

4.2.1.3‌ ‌Upgrade‌ ‌Plant‌ ‌ 

For‌ ‌CSPG,‌ ‌the‌ ‌largest‌‌contributor‌‌to‌‌AP‌‌in‌‌the‌‌upgrade‌‌plant‌‌is‌‌the‌‌consumption‌‌of‌‌argon,‌‌                               

which‌ ‌contributes‌ ‌54.3%‌ ‌to‌ ‌the‌ ‌total,‌ ‌as‌ ‌shown‌ ‌in‌ ‌Figure‌ ‌9.‌ ‌Argon‌ ‌has‌ ‌the‌ ‌largest‌‌                             

contribution‌ ‌as‌ ‌a‌ ‌result‌ ‌of‌ ‌having‌ ‌a‌ ‌large‌ ‌embodied‌ ‌impact.‌ ‌Nitrogen‌ ‌contributes‌ ‌20.6%.‌‌                         

The‌ ‌use‌ ‌of‌ ‌solvent,‌ ‌pitch‌ ‌and‌ ‌water‌ ‌contribute‌ ‌12.1%,‌ ‌1.8%,‌ ‌and‌ ‌0.5%‌ ‌to‌ ‌the‌ ‌total‌ ‌AP,‌‌                               

respectively.‌‌The‌‌consumption‌‌of‌‌electricity‌‌contributes‌‌10.7%.‌‌Despite‌‌electricity‌‌being‌‌the‌‌                     

largest‌‌input,‌‌the‌‌impact‌‌is‌‌low‌‌due‌‌to‌‌Vattenfall‌‌sourcing‌‌their‌‌electricity‌‌from‌‌hydroelectric‌‌                           

power.‌ ‌ 
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Figure‌ ‌10‌ ‌details‌ ‌the‌ ‌contribution‌ ‌to‌ ‌the‌ ‌total‌ ‌AP‌ ‌for‌ ‌the‌ ‌upgrade‌ ‌plant‌ ‌for‌ ‌producing‌‌                             

micronized‌ ‌graphite.‌ ‌Electricity‌ ‌holds‌ ‌68.8%‌ ‌of‌ ‌the‌ ‌AP‌ ‌impact,‌ ‌compared‌ ‌to‌ ‌water‌‌                       

consumption,‌ ‌which‌ ‌contributes‌ ‌31.2%.‌ ‌ 

Figure‌ ‌9:‌ ‌Contribution‌ ‌Analysis‌ ‌of‌ ‌the‌ ‌for‌ ‌the‌ ‌Acidification‌ ‌Potential‌ ‌Category‌ ‌of‌ ‌Coated‌ ‌Spheronized‌ ‌Purified‌ ‌Graphite.‌ ‌ 

Figure‌ ‌10:‌ ‌Contribution‌ ‌Analysis‌ ‌for‌ ‌the‌ ‌Acidification‌ ‌Potential‌ ‌Category‌ ‌of‌ ‌Micronized‌ ‌Graphite.‌ ‌ 

‌   
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4.3.‌ ‌Eutrophication‌ ‌Potential‌ ‌ 
Kg‌ ‌P‌ ‌/‌ ‌mol‌ ‌N‌ ‌/‌ ‌kg‌ ‌N‌ ‌equivalent.‌ ‌ 

4.3.1.‌ ‌Freshwater‌ ‌Eutrophication‌ ‌Potential‌ ‌by‌ ‌Stage‌ ‌ 

4.3.1.1‌ ‌Coated‌ ‌Spheronized‌ ‌Purified‌ ‌Graphite‌ ‌ 

The‌ ‌overall‌ ‌Freshwater‌ ‌Eutrophication‌ ‌Potential‌ ‌(FEP)‌ ‌for‌ ‌the‌ ‌Woxna‌ ‌graphite‌ ‌project‌ ‌is‌‌                       

estimated‌‌to‌‌be‌‌2.9E‌-3‌ ‌kg‌‌P‌‌eq.‌‌per‌‌kg‌‌CSPG,‌‌as‌‌shown‌‌in‌‌Figure‌‌11.‌‌The‌‌largest‌‌contributor‌‌                                   

is‌ ‌the‌ ‌upgrade‌ ‌plant,‌ ‌having‌ ‌an‌ ‌impact‌ ‌of‌ ‌2.4E‌-3‌ ‌kg‌ ‌P‌ ‌eq.‌ ‌per‌ ‌kg‌ ‌CSPG.‌ ‌The‌ ‌concentrator‌‌                                 

plant‌ ‌and‌ ‌mine‌ ‌site‌ ‌contribute‌ ‌4.6E‌-4‌ ‌and‌ ‌9.3E‌-6‌ ‌kg‌ ‌P‌ ‌eq.‌ ‌per‌ ‌kg‌ ‌CSPG,‌ ‌respectively.‌‌                             

Contribution‌ ‌analysis‌ ‌by‌‌stage‌‌for‌‌transport‌‌and‌‌waste‌‌management‌‌has‌‌not‌‌been‌‌carried‌‌                         

out‌ ‌due‌ ‌to‌ ‌their‌ ‌negligible‌ ‌impact‌ ‌on‌ ‌the‌ ‌overall‌ ‌Freshwater‌ ‌Eutrophication‌ ‌results.‌ ‌ 

‌ 

Figure‌ ‌11:‌ ‌Overall‌ ‌Freshwater‌ ‌Eutrophication‌ ‌Potential‌ ‌by‌ ‌Stage‌ ‌for‌ ‌the‌ ‌Production‌ ‌of‌ ‌Coated‌ ‌Spheronized‌ ‌Purified‌ ‌Graphite.‌ ‌ 

‌ 
‌ 
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4.3.1.1.2.‌ ‌Micronized‌ ‌Graphite‌ ‌ 

The‌ ‌overall‌ ‌Freshwater‌ ‌Eutrophication‌ ‌Potential‌ ‌(FEP)‌ ‌for‌ ‌the‌ ‌Woxna‌ ‌graphite‌ ‌project‌ ‌is‌‌                       

estimated‌ ‌to‌ ‌be‌ ‌approximately‌ ‌1.8E‌-4‌ ‌kg‌ ‌P‌ ‌eq.‌ ‌per‌ ‌kg‌ ‌micronized‌ ‌graphite,‌ ‌as‌ ‌shown‌ ‌in‌‌                             

Figure‌‌12.‌‌The‌‌largest‌‌contributor‌‌is‌‌the‌‌upgrade‌‌plant,‌‌with‌‌an‌‌impact‌‌of‌‌1.2E‌-4‌ ‌kg‌‌P‌‌eq.‌‌per‌‌                                   

kg‌‌micronized‌‌graphite.‌‌The‌‌concentrator‌‌plant‌‌and‌‌mine‌‌site‌‌contribute‌‌5.6E‌-5‌ ‌and‌‌1.1E‌-6‌ ‌kg‌‌                           

P‌‌eq.‌‌per‌‌kg‌‌micronized‌‌graphite,‌‌respectively.‌‌Contribution‌‌analysis‌‌by‌‌stage‌‌for‌‌transport‌‌                         

and‌ ‌waste‌ ‌management‌ ‌has‌ ‌not‌ ‌been‌ ‌carried‌ ‌out‌ ‌due‌ ‌to‌ ‌their‌ ‌negligible‌ ‌impact‌ ‌on‌ ‌the‌‌                             

overall‌ ‌FEP‌ ‌results.‌ ‌ 

‌ 

Figure‌ ‌12:‌ ‌Overall‌ ‌Freshwater‌ ‌Eutrophication‌ ‌Potential‌ ‌by‌ ‌Stage‌ ‌for‌ ‌the‌ ‌Production‌ ‌of‌ ‌Micronized‌ ‌Graphite.‌ ‌ 
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4.3.1.‌ ‌Freshwater‌ ‌Eutrophication‌ ‌Potential‌ ‌by‌ ‌Contribution‌ ‌Analysis‌ ‌ 

Figure‌ ‌13‌ ‌shows‌ ‌the‌‌contribution‌‌analysis‌‌for‌‌the‌‌three‌‌stages‌‌for‌‌the‌‌production‌‌of‌‌CSPG‌‌                             

and‌ ‌micronized‌ ‌graphite.‌‌ ‌  

4.3.1.1‌ ‌Mine‌ ‌Site‌ ‌ 

The‌‌largest‌‌contributor‌‌to‌‌FEP‌‌from‌‌the‌‌mine‌‌site‌‌is‌‌the‌‌use‌‌of‌‌ANFO,‌‌accounting‌‌for‌‌80.5%‌‌                                 

of‌ ‌the‌ ‌total‌ ‌impact‌ ‌in‌ ‌this‌ ‌category.‌ ‌‌Embodied‌ ‌and‌ ‌direct‌ ‌impacts‌ ‌of‌ ‌the‌ ‌production‌ ‌and‌‌                             

combustion‌ ‌of‌ ‌diesel‌ ‌contribute‌ ‌19.5%‌ ‌to‌ ‌the‌ ‌total‌ ‌FEP‌ ‌of‌ ‌the‌ ‌mine‌ ‌site.‌ ‌ 

4.3.1.1‌ ‌Concentrator‌ ‌Plant‌ ‌ 

For‌ ‌CSPG‌ ‌and‌ ‌micronized‌ ‌graphite,‌ ‌the‌ ‌largest‌ ‌contributor‌ ‌to‌ ‌FEP‌ ‌from‌ ‌the‌ ‌concentrator‌‌                         

plant‌ ‌is‌ ‌electricity‌ ‌consumption‌ ‌(98.1%).‌ ‌This‌ ‌is‌ ‌due‌ ‌to‌ ‌electricity‌ ‌being‌ ‌sourced‌ ‌from‌‌                         

hydropower,‌ ‌which‌ ‌has‌‌a‌‌higher‌‌FEP,‌‌than‌‌the‌‌Swedish‌‌grid.‌‌MIBC‌‌contributes‌‌0.8%‌‌of‌‌the‌‌                             

FEP‌ ‌impact.‌ ‌The‌ ‌impact‌ ‌of‌ ‌grinding‌ ‌media,‌ ‌flocculant,‌ ‌water,‌ ‌and‌ ‌diesel‌ ‌is‌ ‌negligible.‌‌ ‌  

4.3.1.1‌ ‌Upgrade‌ ‌Plant‌ ‌ 

For‌ ‌CSPG,‌ ‌the‌‌largest‌‌contributor‌‌to‌‌FEP‌‌in‌‌the‌‌upgrade‌‌plant‌‌is‌‌consumption‌‌of‌‌electricity‌‌                             

for‌‌purification,‌‌which‌‌contributes‌‌59.4%‌‌to‌‌the‌‌total,‌‌as‌‌shown‌‌in‌‌Figure‌‌13.‌‌This‌‌is‌‌due‌‌to‌‌                                 

electricity‌ ‌being‌ ‌the‌ ‌largest‌ ‌input‌ ‌to‌ ‌the‌ ‌upgrade‌ ‌plant,‌ ‌which‌ ‌has‌ ‌a‌ ‌large‌ ‌embodied‌‌                           

environmental‌ ‌impact‌ ‌to‌‌the‌‌FEP‌‌impact‌‌category.‌‌Argon,‌‌nitrogen,‌‌and‌‌solvent‌‌contribute‌‌                       

33.4%,‌ ‌5.6%,‌ ‌and‌ ‌1.3%‌ ‌to‌ ‌the‌ ‌FEP.‌ ‌Water‌ ‌and‌ ‌pitch‌ ‌have‌ ‌a‌ ‌negligible‌ ‌contribution.‌ ‌ 

Contribution‌ ‌analysis‌ ‌to‌ ‌the‌ ‌FEP‌ ‌impact‌ ‌for‌ ‌the‌ ‌upgrade‌ ‌plant‌ ‌to‌ ‌produce‌ ‌micronized‌‌                         

graphite‌‌is‌‌shown‌‌in‌‌Figure‌‌14.‌‌Electricity‌‌contributes‌‌the‌‌largest‌‌(99.4%)‌‌to‌‌the‌‌FEP.‌‌Water‌‌                             

consumption‌‌contributes‌‌0.6%.‌‌No‌‌reagents‌‌are‌‌required‌‌for‌‌the‌‌production‌‌of‌‌micronized‌‌                       

graphite.‌‌ ‌  
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Figure‌ ‌13:‌ ‌Contribution‌ ‌Analysis‌ ‌for‌ ‌the‌ ‌Freshwater‌ ‌Eutrophication‌ ‌Potential‌ ‌Impact‌ ‌Category‌ ‌for‌ ‌Coated‌ ‌Spheronized‌ ‌Purified‌ ‌Graphite.‌ ‌ 

‌ 

Figure‌ ‌14:‌ ‌Contribution‌ ‌Analysis‌ ‌for‌ ‌the‌ ‌Freshwater‌ ‌Eutrophication‌ ‌Potential‌ ‌Impact‌ ‌Category‌ ‌for‌ ‌Micronized‌ ‌Graphite.‌ ‌ 
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4.3.2‌ ‌Terrestrial‌ ‌Eutrophication‌ ‌Potential‌ ‌by‌ ‌Stage‌ ‌ 

4.3.1.2‌ ‌Coated‌ ‌Spheronized‌ ‌Purified‌ ‌Graphite‌ ‌ 

The‌ ‌overall‌ ‌Terrestrial‌ ‌Eutrophication‌ ‌Potential‌ ‌(TEP)‌ ‌for‌ ‌the‌ ‌Woxna‌ ‌graphite‌ ‌project‌ ‌is‌‌                       

estimated‌ ‌to‌ ‌be‌ ‌approximately‌ ‌1.8E‌-2‌ ‌mol‌ ‌N‌ ‌eq.‌ ‌per‌ ‌kg‌ ‌CSPG,‌ ‌as‌ ‌shown‌ ‌in‌‌Figure‌‌15.‌‌The‌‌                                 

largest‌ ‌contributor‌ ‌is‌ ‌the‌ ‌upgrade‌‌plant,‌‌with‌‌1.4E‌-3‌ ‌mol‌‌N‌‌eq.‌‌per‌‌kg‌‌CSPG.‌‌The‌‌mine‌‌and‌‌                                 

concentrator‌ ‌plants‌ ‌contribute‌ ‌3.4E‌-3‌ ‌and‌ ‌7.7E‌-4‌ ‌mol‌ ‌N‌ ‌eq.‌ ‌per‌ ‌kg‌ ‌CSPG,‌ ‌respectively.‌‌                         

Contribution‌ ‌analysis‌ ‌by‌‌stage‌‌for‌‌transport‌‌and‌‌waste‌‌management‌‌has‌‌not‌‌been‌‌carried‌‌                         

out‌ ‌due‌ ‌to‌ ‌their‌ ‌negligible‌ ‌impact‌ ‌on‌ ‌the‌ ‌overall‌ ‌Terrestrial‌ ‌Eutrophication‌ ‌results.‌ ‌ 

‌ 

Figure‌ ‌15:‌ ‌Overall‌ ‌Terrestrial‌ ‌Eutrophication‌ ‌Potential‌ ‌by‌ ‌Stage‌ ‌for‌ ‌the‌ ‌Production‌ ‌of‌ ‌Coated‌ ‌Spheronized‌ ‌Purified‌ ‌Graphite.‌ ‌ 

‌ 
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4.3.1.2.2.‌ ‌Micronized‌ ‌Graphite‌ ‌ 

The‌ ‌overall‌ ‌Terrestrial‌ ‌Eutrophication‌ ‌Potential‌ ‌(TEP)‌ ‌for‌ ‌the‌ ‌Woxna‌ ‌graphite‌ ‌project‌ ‌is‌‌                       

estimated‌ ‌to‌ ‌be‌ ‌approximately‌ ‌6.5E‌-4‌ ‌mol‌ ‌N‌ ‌eq.‌ ‌per‌ ‌kg‌ ‌micronized‌ ‌graphite,‌ ‌as‌ ‌shown‌ ‌in‌‌                             

Figure‌ ‌16.‌ ‌The‌ ‌largest‌ ‌contributor‌ ‌is‌ ‌the‌ ‌upgrade‌ ‌plant,‌ ‌with‌ ‌1.3E‌-4‌ ‌mol‌ ‌N‌ ‌eq.‌ ‌per‌ ‌kg‌‌                               

micronized‌ ‌graphite.‌ ‌The‌ ‌mine‌ ‌and‌ ‌concentrator‌‌plants‌‌contribute‌‌4.0E‌-4‌ ‌and‌‌9.2E‌-5‌ ‌mol‌‌N‌‌                         

eq.‌ ‌per‌ ‌kg‌ ‌micronized‌ ‌graphite,‌ ‌respectively.‌ ‌Contribution‌ ‌analysis‌ ‌by‌ ‌stage‌ ‌for‌ ‌transport‌‌                       

and‌ ‌waste‌ ‌management‌ ‌has‌ ‌not‌ ‌been‌ ‌carried‌ ‌out‌ ‌due‌ ‌to‌ ‌their‌ ‌negligible‌ ‌impact‌ ‌on‌ ‌the‌‌                             

overall‌ ‌Terrestrial‌ ‌Eutrophication‌ ‌results.‌ ‌ 

‌ 

Figure‌ ‌16:‌ ‌Overall‌ ‌Terrestrial‌ ‌Eutrophication‌ ‌Potential‌ ‌by‌ ‌Stage‌ ‌for‌ ‌the‌ ‌Production‌ ‌of‌ ‌Micronized‌ ‌Graphite.‌ ‌ 
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4.3.2‌ ‌Terrestrial‌ ‌Eutrophication‌ ‌Potential‌ ‌by‌ ‌Contribution‌ ‌Analysis‌ ‌ 

Contribution‌ ‌analysis‌‌for‌‌the‌‌production‌‌of‌‌the‌‌two‌‌graphite‌‌products‌‌are‌‌shown‌‌in‌‌Figure‌‌                           

17‌ ‌and‌ ‌18.‌ ‌Due‌ ‌to‌ ‌both‌ ‌graphite‌ ‌products‌ ‌being‌ ‌processed‌ ‌by‌ ‌the‌ ‌same‌ ‌stream‌ ‌for‌ ‌the‌‌                               

mining‌ ‌and‌ ‌concentrating‌ ‌stages,‌ ‌the‌ ‌contribution‌ ‌analysis‌ ‌is‌ ‌the‌ ‌same‌ ‌for‌ ‌those‌ ‌two‌‌                         

stages.‌ ‌The‌ ‌products‌ ‌are‌ ‌separated‌ ‌into‌ ‌two‌ ‌streams‌ ‌within‌ ‌the‌ ‌upgrade‌ ‌plant.‌ ‌ 

4.3.2.1‌ ‌Mine‌ ‌Site‌‌ ‌  

For‌‌the‌‌CSPG‌‌and‌‌micronized‌‌graphite,‌‌the‌‌largest‌‌contributor‌‌to‌‌TEP‌‌from‌‌the‌‌mine‌‌site‌‌is‌‌                               

the‌ ‌use‌ ‌of‌ ‌diesel,‌ ‌accounting‌ ‌for‌ ‌75.4%‌ ‌of‌ ‌the‌ ‌total‌ ‌impact‌‌in‌‌this‌‌category.‌‌This‌‌is‌‌due‌‌to‌‌                                   

diesel‌ ‌having‌ ‌a‌ ‌larger‌ ‌embodied‌ ‌impact‌ ‌for‌ ‌the‌ ‌TEP‌ ‌impact‌ ‌category‌ ‌than‌ ‌ANFO.‌ ‌ANFO‌‌                           

contributes‌ ‌24.6%‌ ‌to‌ ‌the‌ ‌total‌ ‌TEP‌ ‌of‌ ‌the‌ ‌mine‌ ‌site.‌ ‌ 

4.3.2.2‌ ‌Concentrator‌ ‌Plant‌ ‌ 

For‌‌the‌‌CSPG‌‌and‌‌micronized‌‌graphite,‌‌the‌‌largest‌‌contributor‌‌to‌‌TEP‌‌from‌‌the‌‌concentrator‌‌                           

plant‌ ‌is‌ ‌electricity‌ ‌usage,‌ ‌contributing‌ ‌59.2%‌ ‌to‌ ‌this‌ ‌impact‌ ‌category.‌ ‌MIBC,‌ ‌steel‌ ‌rod‌ ‌mill‌‌                           

and‌ ‌diesel‌ ‌contribute‌ ‌22.4%,‌ ‌10.1%‌ ‌and‌ ‌4.8%‌ ‌respectively.‌ ‌The‌ ‌ceramic‌ ‌grinding‌ ‌media‌‌                       

contributes‌ ‌3.0%.‌ ‌The‌ ‌impact‌ ‌associated‌ ‌with‌ ‌the‌ ‌use‌ ‌of‌ ‌flocculant‌ ‌and‌ ‌direct‌ ‌water‌‌                         

consumption‌ ‌for‌ ‌the‌ ‌TEP‌ ‌impact‌ ‌category‌ ‌is‌ ‌negligible.‌ ‌ 

4.3.2.3‌ ‌Upgrade‌ ‌Plant‌ ‌ 

For‌ ‌CSPG,‌ ‌the‌ ‌largest‌ ‌contributor‌ ‌to‌ ‌TEP‌ ‌in‌ ‌the‌ ‌upgrade‌ ‌plant‌ ‌is‌ ‌the‌ ‌use‌ ‌of‌ ‌argon,‌ ‌which‌‌                                 

contributes‌ ‌53.2%‌ ‌to‌ ‌the‌ ‌total,‌ ‌followed‌ ‌by‌ ‌nitrogen‌ ‌consumption‌ ‌(22.4%).‌ ‌The‌ ‌use‌ ‌of‌‌                         

solvent,‌ ‌and‌ ‌pitch‌ ‌contribute‌ ‌10.2%,‌ ‌and‌ ‌3.3%‌ ‌to‌ ‌the‌ ‌total‌ ‌TEP‌ ‌respectively.‌ ‌The‌‌                         

consumption‌ ‌of‌ ‌electricity‌ ‌for‌ ‌purification‌ ‌and‌ ‌coating‌ ‌contributes‌‌10.3%.‌‌Electricity‌‌is‌‌the‌‌                       

largest‌ ‌input‌ ‌consumed,‌ ‌but‌ ‌has‌‌the‌‌lowest‌‌environmental‌‌contribution‌‌to‌‌the‌‌TEP‌‌due‌‌to‌‌                           

having‌‌a‌‌low‌‌environmental‌‌embodied‌‌impact‌‌associated‌‌with‌‌the‌‌electricity‌‌source.‌‌Impact‌‌                       

of‌ ‌water‌ ‌consumption‌ ‌is‌ ‌negligible.‌ ‌ 

For‌ ‌micronized‌ ‌graphite,‌ ‌electricity‌ ‌holds‌ ‌the‌ ‌majority‌ ‌of‌ ‌the‌ ‌impact‌ ‌(91.7%),‌ ‌with‌ ‌water‌‌                         

consumption‌ ‌only‌ ‌contributing‌ ‌8.7%‌ ‌to‌ ‌the‌ ‌TEP‌ ‌for‌ ‌the‌ ‌upgrade‌ ‌plant.‌‌ ‌  

‌ 
‌ 
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Figure‌ ‌17:‌ ‌Contribution‌ ‌Analysis‌ ‌for‌ ‌the‌ ‌Terrestrial‌ ‌Eutrophication‌ ‌Potential‌ ‌Impact‌ ‌Category‌ ‌for‌ ‌Coated‌ ‌Spheronized‌ ‌Purified‌ ‌Graphite.‌ ‌ 

‌ 

Figure‌ ‌18:‌ ‌Contribution‌ ‌Analysis‌ ‌for‌ ‌the‌ ‌Terrestrial‌ ‌Eutrophication‌ ‌Potential‌ ‌Impact‌ ‌Category‌ ‌for‌ ‌Micronized‌ ‌Graphite.‌ ‌ 

‌ 

‌ 

‌   
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4.3.3‌ ‌Marine‌ ‌Eutrophication‌ ‌Potential‌ ‌by‌ ‌Stage‌ ‌ 

4.3.3.1‌ ‌Coated‌ ‌Spheronized‌ ‌Purified‌ ‌Graphite‌ ‌ 

The‌ ‌overall‌ ‌Marine‌ ‌Eutrophication‌ ‌Potential‌ ‌(MEP)‌ ‌for‌ ‌the‌ ‌Woxna‌ ‌graphite‌ ‌project‌ ‌is‌‌                       

estimated‌ ‌to‌ ‌be‌ ‌approximately‌ ‌3.5E‌-3‌ ‌kg‌ ‌N‌ ‌eq.‌ ‌per‌ ‌kg‌ ‌CSPG,‌ ‌as‌ ‌shown‌ ‌in‌ ‌Figure‌ ‌19.‌ ‌The‌‌                                 

largest‌‌contributor‌‌is‌‌the‌‌upgrade‌‌plant,‌‌with‌‌2.7E‌-3‌ ‌kg‌‌N‌‌eq.‌‌per‌‌kg‌‌CSPG.‌‌The‌‌mine‌‌site‌‌and‌‌                                   

concentrator‌ ‌plant‌ ‌contribute‌ ‌2.7E‌-4‌ ‌and‌ ‌4.9E‌-4‌ ‌kg‌ ‌N‌ ‌eq.‌ ‌per‌ ‌kg‌ ‌CSPG,‌ ‌respectively.‌‌                         

Contribution‌ ‌analysis‌ ‌by‌‌stage‌‌for‌‌transport‌‌and‌‌waste‌‌management‌‌has‌‌not‌‌been‌‌carried‌‌                         

out‌ ‌due‌ ‌to‌ ‌their‌ ‌negligible‌ ‌impact‌ ‌on‌ ‌the‌ ‌overall‌ ‌Marine‌ ‌Eutrophication‌ ‌results.‌ ‌ 

‌ 

Figure‌ ‌19:‌ ‌Overall‌ ‌Marine‌ ‌Eutrophication‌ ‌Potential‌ ‌by‌ ‌Stage‌ ‌for‌ ‌the‌ ‌Production‌ ‌of‌ ‌Coated‌ ‌Spheronized‌ ‌Purified‌ ‌Graphite.‌ ‌ 

‌ 

‌   

‌ 
‌ 
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4.3.3.2‌ ‌Micronized‌ ‌Graphite‌ ‌ 

The‌ ‌overall‌ ‌Marine‌ ‌Eutrophication‌ ‌Potential‌ ‌(MEP)‌ ‌for‌ ‌the‌ ‌Woxna‌ ‌graphite‌ ‌project‌ ‌is‌‌                       

estimated‌ ‌to‌ ‌be‌ ‌approximately‌ ‌2.1E‌-4‌ ‌kg‌ ‌N‌ ‌eq.‌ ‌per‌ ‌kg‌ ‌micronized‌ ‌graphite,‌ ‌as‌ ‌shown‌ ‌in‌‌                             

Figure‌ ‌20.‌ ‌The‌ ‌largest‌ ‌contributor‌ ‌is‌ ‌the‌ ‌upgrade‌ ‌plant,‌ ‌with‌ ‌1.2E‌-4‌ ‌kg‌ ‌N‌ ‌eq.‌ ‌per‌ ‌kg‌‌                               

micronized‌‌graphite.‌‌The‌‌mine‌‌and‌‌concentrator‌‌plant‌‌contribute‌‌3.3E‌-5‌ ‌and‌‌5.8E‌-5‌ ‌kg‌‌N‌‌eq.‌‌                           

per‌ ‌kg‌ ‌micronized‌ ‌graphite,‌ ‌respectively.‌ ‌Contribution‌ ‌analysis‌ ‌by‌‌stage‌‌for‌‌transport‌‌and‌‌                       

waste‌ ‌management‌ ‌has‌ ‌not‌‌been‌‌carried‌‌out‌‌due‌‌to‌‌their‌‌negligible‌‌impact‌‌on‌‌the‌‌overall‌‌                             

Marine‌ ‌Eutrophication‌ ‌results.‌ ‌ 

‌ 

Figure‌ ‌20:‌ ‌Overall‌ ‌Marine‌ ‌Eutrophication‌ ‌Potential‌ ‌by‌ ‌Stage‌ ‌for‌ ‌the‌ ‌Production‌ ‌of‌ ‌Micronized‌ ‌Graphite.‌ ‌ 

‌   

‌ 
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4.3.3‌ ‌Marine‌ ‌Eutrophication‌ ‌Potential‌ ‌by‌ ‌Contribution‌ ‌Analysis‌ ‌ 

Figure‌ ‌21‌ ‌and‌ ‌22‌ ‌details‌ ‌the‌ ‌contribution‌ ‌analysis‌ ‌for‌ ‌the‌ ‌production‌ ‌of‌ ‌CSPG‌ ‌and‌‌                           

micronized‌ ‌graphite‌ ‌products.‌‌ ‌  

4.3.3.1‌ ‌Mine‌ ‌Site‌ ‌ 

For‌‌CSPG‌‌and‌‌micronized‌‌graphite,‌‌the‌‌largest‌‌contributor‌‌to‌‌MEP‌‌from‌‌the‌‌mine‌‌site‌‌is‌‌the‌‌                               

use‌ ‌of‌ ‌diesel,‌ ‌accounting‌ ‌for‌ ‌84.6%‌ ‌of‌ ‌the‌ ‌total‌ ‌impact‌ ‌in‌ ‌this‌ ‌category.‌ ‌‌Impacts‌ ‌of‌ ‌the‌‌                               

production‌ ‌and‌ ‌consumption‌ ‌of‌ ‌ANFO‌ ‌contribute‌ ‌15.4%‌ ‌to‌ ‌the‌ ‌total‌ ‌MEP‌ ‌of‌ ‌the‌ ‌mine‌ ‌site.‌ ‌ 

4.3.3.2‌ ‌Concentrator‌ ‌Plant‌ ‌ 

For‌ ‌CSPG‌ ‌and‌ ‌micronized‌ ‌graphite,‌ ‌the‌ ‌largest‌ ‌contributor‌ ‌to‌ ‌MEP‌ ‌from‌‌the‌‌concentrator‌‌                         

plant‌ ‌is‌ ‌electricity‌ ‌consumption,‌ ‌contributing‌ ‌93.7%‌ ‌of‌ ‌the‌ ‌impact‌ ‌in‌ ‌this‌ ‌category.‌ ‌The‌‌                         

electricity‌ ‌contributes‌ ‌the‌ ‌most‌ ‌due‌ ‌to‌ ‌the‌ ‌electricity‌ ‌source‌ ‌having‌ ‌a‌ ‌large‌ ‌embodied‌‌                         

environmental‌ ‌impact‌ ‌for‌ ‌the‌ ‌MEP‌ ‌impact‌ ‌category.‌ ‌MIBC,‌ ‌steel‌ ‌rod‌ ‌mill‌ ‌and‌ ‌diesel‌‌                         

contribute‌ ‌3.3%,‌ ‌1.8%‌ ‌and‌ ‌0.7%‌ ‌respectively.‌ ‌The‌ ‌impact‌ ‌of‌ ‌direct‌ ‌water‌ ‌consumption,‌‌                       

ceramic‌ ‌media‌ ‌and‌ ‌flocculant‌ ‌is‌ ‌negligible‌ ‌for‌ ‌the‌ ‌MEP‌ ‌impact‌ ‌category.‌ ‌ 

4.3.3.3‌ ‌Upgrade‌ ‌Plant‌ ‌ 

For‌ ‌CSPG,‌ ‌the‌ ‌largest‌ ‌contributor‌ ‌to‌ ‌MEP‌ ‌in‌ ‌the‌ ‌upgrade‌ ‌plant‌ ‌is‌ ‌the‌ ‌consumption‌ ‌of‌‌                             

electricity‌ ‌for‌ ‌purification‌ ‌and‌ ‌coating,‌ ‌which‌ ‌contributes‌ ‌53.0%‌ ‌to‌ ‌the‌ ‌total.‌ ‌Argon‌‌                       

contributes‌ ‌28.9%,‌ ‌due‌ ‌to‌ ‌the‌ ‌embodied‌ ‌impact‌ ‌associated‌ ‌with‌‌the‌‌production‌‌of‌‌argon.‌‌                         

Nitrogen,‌ ‌solvent,‌ ‌and‌ ‌pitch‌ ‌contributed‌ ‌11.4%,‌ ‌4.9%,‌ ‌1.6%‌ ‌to‌ ‌the‌ ‌MEP.‌ ‌Impact‌ ‌of‌ ‌water‌‌                           

consumption‌ ‌is‌ ‌negligible.‌‌ ‌  

For‌ ‌micronized‌ ‌graphite,‌ ‌the‌ ‌MEP‌ ‌for‌ ‌the‌ ‌upgrade‌ ‌plant‌ ‌is‌ ‌shown‌ ‌in‌ ‌Figure‌ ‌22.‌ ‌Electricity‌‌                             

contributes‌‌99.1%‌‌to‌‌the‌‌total‌‌MEP.‌‌This‌‌is‌‌as‌‌a‌‌result‌‌of‌‌being‌‌the‌‌largest‌‌input‌‌consumed‌‌                                 

and‌ ‌the‌ ‌electricity‌ ‌sourced‌ ‌used‌ ‌having‌ ‌a‌ ‌large‌ ‌embodied‌ ‌impact.‌ ‌Water‌ ‌consumption‌‌                       

contributes‌ ‌0.9%.‌‌ ‌  
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Figure‌ ‌21:‌ ‌Contribution‌ ‌Analysis‌ ‌for‌ ‌the‌ ‌Marine‌ ‌Eutrophication‌ ‌Potential‌ ‌Impact‌ ‌Category‌ ‌for‌ ‌Coated‌ ‌Spheronized‌ ‌Purified‌ ‌Graphite.‌ ‌ 

‌ 

Figure‌ ‌22:‌ ‌Contribution‌ ‌Analysis‌ ‌for‌ ‌the‌ ‌Marine‌ ‌Eutrophication‌ ‌Impact‌ ‌Category‌ ‌for‌ ‌Micronized‌ ‌Graphite.‌‌ ‌ ‌    
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4.4.‌ ‌Disease‌ ‌Incidences‌ 
Disease‌ ‌Incidences‌ ‌equivalent.‌ ‌ 

4.4.1.‌ ‌Disease‌ ‌Incidence‌‌ ‌  

4.4.1.1‌ ‌Coated‌ ‌Spheronized‌ ‌Purified‌ ‌Graphite‌ ‌ 

The‌ ‌overall‌ ‌impact‌ ‌of‌ ‌Disease‌ ‌Incidence‌ ‌(DI)‌ ‌for‌ ‌the‌ ‌production‌ ‌of‌ ‌spheronized‌ ‌coated‌‌                         

graphite‌ ‌is‌ ‌7.9E‌-5‌ ‌disease‌ ‌incidences‌ ‌eq.‌‌per‌‌kg‌‌CSPG,‌‌as‌‌shown‌‌in‌‌Figure‌‌23.‌‌The‌‌upgrade‌‌                               

plant‌ ‌holds‌ ‌approximately‌ ‌half‌ ‌of‌ ‌the‌ ‌impact‌ ‌of‌ ‌disease‌ ‌incidence,‌ ‌contributing‌ ‌6.0E‌-5‌‌                       

disease‌‌incidences‌‌eq.‌‌per‌‌kg‌‌CSPG.‌‌The‌‌mine‌‌and‌‌concentrator‌‌contribute‌‌1.6E‌-8‌ ‌and‌‌1.9E‌-5‌ ‌                           

disease‌ ‌incidences‌ ‌eq.‌ ‌per‌ ‌kg‌ ‌CSPG‌ ‌respectively.‌ ‌The‌ ‌transport‌ ‌and‌ ‌waste‌ ‌management‌‌                       

contributions‌‌are‌‌negligible.‌‌No‌‌contribution‌‌analysis‌‌by‌‌stage‌‌for‌‌the‌‌transport‌‌and‌‌waste‌‌                         

management‌ ‌has‌ ‌been‌ ‌included‌ ‌for‌ ‌disease‌ ‌impacts‌ ‌due‌ ‌to‌ ‌their‌ ‌minimal‌ ‌impact‌ ‌on‌ ‌the‌‌                           

overall‌ ‌results.‌ ‌ 

‌ 
Figure‌ ‌23:‌ ‌Overall‌ ‌Disease‌ ‌Incidence‌ ‌by‌ ‌Stage‌ ‌for‌ ‌the‌ ‌Production‌ ‌of‌ ‌Coated‌ ‌Spheronized‌ ‌Purified‌ ‌Graphite.‌ ‌ 

‌ 
‌ 
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4.4.1.2‌ ‌Micronized‌ ‌Graphite‌‌ ‌  

The‌ ‌overall‌ ‌Disease‌ ‌Incidences‌ ‌for‌ ‌the‌ ‌Woxna‌ ‌graphite‌ ‌project‌ ‌is‌ ‌estimated‌ ‌to‌ ‌be‌‌                         

approximately‌‌7.3E‌-6‌ ‌disease‌‌incidences‌‌eq.‌‌per‌‌kg‌‌micronized‌‌graphite,‌‌as‌‌shown‌‌in‌‌Figure‌‌                         

24.‌ ‌The‌ ‌largest‌ ‌contributor‌ ‌is‌ ‌the‌ ‌upgrade‌ ‌plant,‌ ‌with‌ ‌5.0E‌-6‌ ‌disease‌‌incidences‌‌eq.‌‌per‌‌kg‌‌                             

micronized‌‌graphite.‌‌The‌‌mine‌‌and‌‌concentrator‌‌plants‌‌contribute‌‌1.9E‌-9‌ ‌and‌‌2.3E‌-6‌ ‌disease‌‌                       

incidences‌ ‌eq.‌ ‌per‌ ‌kg‌ ‌micronized‌‌graphite,‌‌respectively.‌‌Contribution‌‌analysis‌‌by‌‌stage‌‌for‌‌                       

transport‌ ‌and‌ ‌waste‌ ‌management‌‌has‌‌not‌‌been‌‌carried‌‌out‌‌due‌‌to‌‌their‌‌negligible‌‌impact‌‌                           

on‌ ‌the‌ ‌overall‌ ‌Terrestrial‌ ‌Eutrophication‌ ‌results.‌‌ ‌  

‌ 

Figure‌ ‌24:‌ ‌Overall‌ ‌Disease‌ ‌Incidence‌ ‌by‌ ‌Stage‌ ‌for‌ ‌the‌ ‌Production‌ ‌of‌ ‌Micronized‌ ‌Graphite.‌‌ ‌  

‌   

‌ 
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4.4.2.‌ ‌Disease‌ ‌Incidence‌ ‌by‌ ‌Contribution‌ ‌Analysis‌ ‌ 

Contribution‌‌analysis‌‌for‌‌disease‌‌incidence‌‌for‌‌the‌‌production‌‌of‌‌the‌‌two‌‌graphite‌‌products‌‌                         

are‌ ‌shown‌ ‌in‌ ‌Figures‌ ‌25‌ ‌and‌ ‌26.‌ ‌The‌ ‌contribution‌ ‌analysis‌‌for‌‌the‌‌mine‌‌and‌‌concentrator‌‌                             

are‌ ‌identical‌ ‌for‌ ‌both‌ ‌graphite‌ ‌products.‌ ‌ 

4.4.2.1‌ ‌Mine‌ ‌Site‌‌ ‌  

For‌ ‌CSPG‌ ‌and‌ ‌micronized‌ ‌graphite,‌ ‌the‌ ‌largest‌ ‌contributor‌‌to‌‌DI‌‌from‌‌the‌‌mine‌‌site‌‌is‌‌the‌‌                               

consumption‌ ‌of‌ ‌diesel,‌ ‌accounting‌ ‌for‌ ‌86.6%‌ ‌of‌ ‌the‌ ‌total‌ ‌impact‌ ‌in‌ ‌this‌ ‌category.‌ ‌The‌‌                           

consumption‌ ‌of‌ ‌ANFO‌ ‌contributes‌ ‌13.4%.‌ ‌The‌ ‌particulate‌ ‌matter‌ ‌emissions‌ ‌from‌‌haulage‌‌                     

(PM2.5)‌ ‌have‌ ‌no‌ ‌contribution‌ ‌to‌ ‌the‌ ‌disease‌ ‌incidences.‌ ‌This‌ ‌is‌ ‌because‌ ‌there‌ ‌is‌ ‌minimal‌‌                           

dust‌‌emissions‌‌due‌‌to‌‌the‌‌high‌‌ground‌‌saturation‌‌levels‌‌and‌‌precipitation‌‌rates,‌‌minimizing‌‌                         

dust‌ ‌emissions.‌ ‌ 

4.4.2.2‌ ‌Concentrator‌ ‌Plant‌‌ ‌  

For‌‌CSPG‌‌and‌‌micronized‌‌graphite,‌‌the‌‌single‌‌contributor‌‌to‌‌DI‌‌from‌‌the‌‌concentrator‌‌plant‌‌                           

is‌ ‌the‌ ‌electricity‌ ‌consumption.‌ ‌This‌ ‌contributes‌ ‌100%‌ ‌to‌ ‌the‌ ‌DI,‌ ‌due‌ ‌to‌ ‌being‌ ‌the‌ ‌largest‌‌                             

input‌‌and‌‌electricity‌‌source,‌‌having‌‌a‌‌large‌‌embodied‌‌environmental‌‌impact.‌‌The‌‌embodied‌‌                       

impact‌‌of‌‌the‌‌electricity‌‌is‌‌largely‌‌associated‌‌with‌‌the‌‌deforestation‌‌of‌‌land‌‌and‌‌building‌‌of‌‌                             

the‌ ‌infrastructure‌ ‌(reservoir‌ ‌dam‌ ‌for‌ ‌hydropower).‌ ‌The‌ ‌emissions‌ ‌are‌ ‌produced‌‌from‌‌the‌‌                       

production‌‌of‌‌metals‌‌used‌‌within‌‌the‌‌core‌‌infrastructure,‌‌as‌‌well‌‌as‌‌the‌‌combustion‌‌of‌‌fuels‌‌                             

from‌ ‌equipment‌ ‌used‌ ‌in‌ ‌the‌ ‌building‌ ‌process.‌ ‌ ‌   

4.4.2.3‌ ‌Upgrade‌ ‌Plant‌ ‌ 

The‌‌material‌‌inputs‌‌have‌‌a‌‌negligible‌‌input‌‌to‌‌the‌‌total‌‌DI.‌‌For‌‌CSPG,‌‌the‌‌largest‌‌contributor‌‌                               

to‌ ‌DI‌ ‌from‌ ‌the‌ ‌upgrade‌‌plant‌‌is‌‌the‌‌consumption‌‌of‌‌electricity‌‌for‌‌purification‌‌and‌‌coating‌‌                             

(99.9%),‌‌as‌‌shown‌‌in‌‌Figure‌‌25.‌‌The‌‌reagents‌‌consumed‌‌in‌‌the‌‌upgrade‌‌process‌‌and‌‌water‌‌                             

consumed‌ ‌contribute‌ ‌<0.1%‌ ‌to‌ ‌the‌ ‌DI‌ ‌impact‌ ‌category.‌ ‌ 

For‌‌micronized‌‌graphite,‌‌electricity‌‌consumption‌‌holds‌‌100%‌‌of‌‌the‌‌DI‌‌impact,‌‌as‌‌shown‌‌in‌‌                           

Figure‌ ‌26.‌ ‌Water‌ ‌use‌ ‌does‌ ‌not‌ ‌contribute‌ ‌to‌ ‌the‌ ‌DI‌ ‌impact‌ ‌category‌ ‌for‌ ‌the‌ ‌upgrade‌ ‌plant.‌ ‌ 

‌ 
‌ 
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Figure‌ ‌25:‌ ‌Contribution‌ ‌Analysis‌ ‌for‌ ‌the‌ ‌Disease‌ ‌Incidence‌ ‌Impact‌ ‌Category‌ ‌for‌ ‌Coated‌ ‌Spheronized‌ ‌Purified‌ ‌Graphite.‌‌ ‌  

‌ 

Figure‌ ‌26:‌ ‌Contribution‌ ‌Analysis‌ ‌for‌ ‌the‌ ‌Disease‌ ‌Incidence‌ ‌Impact‌ ‌Category‌ ‌for‌ ‌Micronized‌ ‌Graphite.‌‌ ‌  
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4.5.‌ ‌Water‌ ‌Use‌ ‌(AWARE‌ ‌method)‌ ‌ 
Kg‌ ‌water‌ ‌equivalent.‌ ‌ 

4.5.1.‌ ‌Water‌ ‌Use‌‌ ‌  

4.5.1.1‌ ‌Coated‌ ‌Spheronized‌ ‌Purified‌ ‌Graphite‌‌ ‌  

The‌ ‌water‌ ‌impact‌‌associated‌‌with‌‌the‌‌production‌‌of‌‌LEM‌‌CSPG‌‌product‌‌is‌‌shown‌‌in‌‌Figure‌‌                             

27.‌ ‌In‌ ‌total,‌ ‌the‌ ‌regionalized‌ ‌water‌ ‌impact‌ ‌of‌‌the‌‌process‌‌is‌‌3.0‌‌kg‌‌water‌‌eq.‌‌per‌‌kg‌‌CSPG.‌‌                                   

The‌ ‌upgrade‌ ‌plant‌ ‌is‌ ‌the‌ ‌largest‌ ‌contributor‌ ‌to‌ ‌this:‌  ‌2.1‌ ‌kg‌ ‌water‌ ‌eq.‌ ‌per‌ ‌kg‌ ‌CSPG.‌‌ ‌  

The‌‌concentrator‌‌plant‌‌contributes‌‌0.9‌‌kg‌‌water‌‌eq.‌‌per‌‌kg‌‌CSPG.‌‌This‌‌assumes‌‌water‌‌exits‌‌                             

the‌ ‌concentrator‌ ‌through‌ ‌the‌‌tailings‌‌and‌‌is‌‌re-circulated‌‌back‌‌into‌‌the‌‌concentrator.‌‌Only‌‌                         

water‌ ‌lost‌ ‌through‌ ‌evaporation‌ ‌is‌ ‌accounted‌ ‌for.‌ ‌The‌ ‌upgrade‌ ‌plant‌ ‌contributes‌ ‌2.1‌ ‌kg‌‌                         

water‌‌eq.‌‌per‌‌kg‌‌CSPG.‌‌The‌‌upgrade‌‌plant‌‌has‌‌minimal‌‌water‌‌consumption,‌‌as‌‌it‌‌is‌‌assumed‌‌                               

that‌ ‌the‌ ‌cooling‌ ‌water‌ ‌of‌ ‌the‌ ‌CSPG‌ ‌stage‌ ‌is‌ ‌a‌ ‌closed‌ ‌loop‌ ‌system.‌ ‌Once‌ ‌water‌‌enters‌‌the‌‌                                 

upgrade‌ ‌plant,‌‌it‌‌is‌‌recycled‌‌throughout‌‌the‌‌graphite‌‌production‌‌process‌‌and‌‌not‌‌released‌‌                         

back‌ ‌into‌ ‌the‌ ‌environment.‌‌ ‌  

It‌‌must‌‌be‌‌noted‌‌that‌‌the‌‌water‌‌impact‌‌is‌‌based‌‌on‌‌two‌‌parameters:‌‌the‌‌raw‌‌water‌‌intake‌‌as‌‌                                   

stated‌ ‌in‌ ‌the‌ ‌PEA‌ ‌study‌ ‌and‌ ‌the‌ ‌regionalized‌ ‌water‌ ‌scarcity‌ ‌index‌ ‌as‌ ‌defined‌ ‌in‌ ‌section‌‌                             

3.3.7.5.‌ ‌Using‌ ‌the‌ ‌AWARE‌ ‌method,‌‌the‌‌direct‌‌water‌‌use‌‌is‌‌multiplied‌‌by‌‌the‌‌dimensionless‌‌                           

water‌ ‌scarcity‌ ‌factor‌ ‌of‌ ‌1.2.‌ ‌Due‌ ‌to‌‌the‌‌study‌‌being‌‌at‌‌PEA‌‌stage,‌‌it‌‌is‌‌assumed‌‌that‌‌water‌‌                                   

consumed‌ ‌is‌ ‌recycle‌ ‌through‌ ‌the‌ ‌tailings‌ ‌and‌ ‌back‌ ‌into‌ ‌the‌‌concentrator,‌‌thus‌‌only‌‌water‌‌                           

lost‌‌through‌‌evaporation‌‌is‌‌calculated.‌‌It‌‌is‌‌assumed‌‌the‌‌water‌‌used‌‌is‌‌not‌‌returned‌‌to‌‌the‌‌                               

local‌ ‌water‌ ‌table‌ ‌in‌ ‌degraded‌ ‌form.‌ ‌If‌ ‌water‌ ‌degradation‌ ‌did‌ ‌take‌ ‌place,‌ ‌the‌ ‌Water‌ ‌Use‌‌                             

impact‌ ‌would‌ ‌be‌ ‌higher.‌ ‌As‌ ‌the‌ ‌study‌ ‌progresses‌ ‌and‌ ‌higher‌ ‌resolution‌ ‌data‌ ‌becomes‌‌                         

available,‌ ‌the‌ ‌water‌ ‌lost‌ ‌and‌ ‌degraded‌ ‌should‌ ‌be‌ ‌taken‌ ‌into‌ ‌account‌ ‌for.‌ ‌Contribution‌‌                         

analysis‌ ‌for‌ ‌the‌ ‌transport‌ ‌and‌ ‌waste‌ ‌management‌ ‌have‌ ‌not‌ ‌been‌ ‌included‌ ‌within‌ ‌this‌                         

report‌ ‌due‌ ‌to‌ ‌having‌ ‌a‌ ‌negligible‌ ‌contribution‌ ‌to‌ ‌the‌ ‌water‌ ‌use‌ ‌impact‌ ‌category.‌ ‌ 
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Figure‌ ‌27:‌ ‌Overall‌ ‌Water‌ ‌Use‌ ‌(AWARE)‌ ‌by‌ ‌Stage‌ ‌for‌ ‌the‌ ‌Production‌ ‌of‌ ‌Coated‌ ‌Spheronized‌ ‌Purified‌ ‌Graphite.‌ ‌ 
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4.5.1.2‌ ‌Micronized‌ ‌Graphite‌‌ ‌  

The‌‌total‌‌water‌‌use‌‌of‌‌Leading‌‌Edge’s‌‌micronized‌‌graphite‌‌product‌‌is‌‌0.1‌‌kg‌‌water‌‌eq.‌‌per‌‌kg‌‌                                 

micronized‌‌graphite‌‌as‌‌shown‌‌in‌‌Figure‌‌28.‌‌The‌‌concentrator‌‌plant‌‌contributes‌‌0.1‌‌kg‌‌water‌‌                           

eq.‌ ‌per‌ ‌kg‌ ‌micronized‌‌graphite.‌‌The‌‌mine‌‌site‌‌and‌‌upgrade‌‌plant‌‌contribute‌‌<0.1‌‌kg‌‌water‌‌                             

eq.‌‌per‌‌kg‌‌micronized‌‌graphite.‌‌The‌‌cooling‌‌water‌‌required‌‌in‌‌the‌‌upgrade‌‌plant‌‌is‌‌recycled,‌‌                             

thus‌ ‌having‌ ‌a‌ ‌very‌ ‌low‌ ‌contribution‌ ‌to‌ ‌the‌ ‌overall‌ ‌water‌ ‌use.‌ ‌ ‌   

‌ 
Figure‌ ‌28:‌ ‌Overall‌ ‌Water‌ ‌Use‌ ‌(AWARE)‌ ‌by‌ ‌Stage‌ ‌for‌ ‌the‌ ‌Production‌ ‌of‌ ‌Micronized‌ ‌Graphite.‌ ‌ 
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4.5.2.‌ ‌Water‌ ‌Use‌ ‌by‌ ‌Contribution‌ ‌Analysis‌ ‌ 

Water‌ ‌Use‌ ‌by‌ ‌contribution‌ ‌analysis‌ ‌for‌ ‌spheronized‌ ‌coated‌ ‌graphite‌ ‌and‌ ‌micronized‌‌                     

graphite‌ ‌is‌ ‌shown‌ ‌in‌ ‌Figures‌ ‌29‌ ‌and‌ ‌30.‌‌ ‌  

4.5.2.1‌ ‌Mine‌ ‌Site‌‌ ‌  

The‌‌largest‌‌contributor‌‌to‌‌Water‌‌Use‌‌(WU)‌‌from‌‌the‌‌mine‌‌site‌‌is‌‌the‌‌embodied‌‌water‌‌impact‌‌                               

of‌‌ANFO,‌‌accounting‌‌for‌‌92.9%‌‌of‌‌the‌‌total‌‌impact‌‌in‌‌this‌‌category.‌‌‌Embodied‌‌impacts‌‌of‌‌the‌‌                               

production‌ ‌and‌ ‌combustion‌ ‌of‌ ‌diesel‌ ‌contribute‌ ‌7.1%‌ ‌to‌ ‌the‌ ‌total‌ ‌WU‌ ‌of‌ ‌the‌ ‌mine‌ ‌site.‌ ‌ 

4.5.2.2‌ ‌Concentrator‌ ‌Plant‌ ‌ 

For‌ ‌spheronized‌ ‌coated‌ ‌graphite‌ ‌and‌ ‌micronized‌ ‌graphite,‌ ‌the‌ ‌regional‌ ‌impact‌ ‌of‌ ‌direct‌‌                       

water‌ ‌consumption‌ ‌of‌ ‌the‌ ‌concentrator‌ ‌plant‌ ‌contributes‌ ‌98.0%‌ ‌to‌ ‌the‌ ‌WU‌ ‌for‌ ‌the‌‌                         

concentrator‌‌plant.‌‌This‌‌considers‌‌the‌‌direct‌‌water‌‌consumed‌‌on‌‌site‌‌and‌‌the‌‌regionalized‌‌                         

water‌‌scarcity‌‌impact.‌‌The‌‌electricity‌‌and‌‌reagents‌‌consumed‌‌have‌‌a‌‌minimal‌‌impact‌‌on‌‌the‌‌                           

total‌ ‌water‌ ‌usage‌ ‌for‌ ‌the‌ ‌concentrator.‌‌ ‌  

4.5.2.3‌ ‌Upgrade‌ ‌Plant‌ ‌ 

For‌ ‌spheronized‌ ‌coated‌ ‌graphite,‌ ‌the‌‌largest‌‌contributor‌‌to‌‌WU‌‌from‌‌the‌‌upgrade‌‌plant‌‌is‌‌                           

the‌ ‌consumption‌ ‌of‌ ‌argon‌ ‌(80.6%).‌ ‌This‌ ‌is‌ ‌as‌ ‌a‌ ‌result‌ ‌of‌ ‌the‌ ‌embodied‌ ‌water‌ ‌impact‌‌                             

associated‌ ‌with‌ ‌the‌ ‌production‌ ‌of‌ ‌argon‌ ‌being‌ ‌larger‌ ‌than‌ ‌the‌ ‌other‌ ‌consumables.‌ ‌The‌‌                         

consumption‌ ‌of‌ ‌nitrogen,‌ ‌solvent,‌ ‌and‌ ‌pitch‌ ‌each‌ ‌contribute‌ ‌15.7%,‌ ‌2.5%,‌‌5.2%,‌‌and‌‌0.3%‌‌                         

respectively.‌ ‌Electricity‌ ‌for‌ ‌purification‌ ‌and‌ ‌coating‌ ‌contributes‌ ‌0.6%.‌ ‌The‌‌impact‌‌of‌‌direct‌‌                       

water‌ ‌consumption‌ ‌is‌ ‌negligible‌ ‌due‌ ‌to‌ ‌water‌ ‌consumption‌ ‌being‌‌within‌‌a‌‌closed‌‌system,‌‌                         

thus‌ ‌is‌ ‌being‌ ‌recycled‌ ‌within‌ ‌the‌ ‌upgrade‌ ‌plant‌ ‌process.‌ ‌ 

The‌‌WU‌‌impact‌‌for‌‌the‌‌upgrade‌‌plant‌‌for‌‌producing‌‌micronized‌‌graphite‌‌is‌‌shown‌‌in‌‌Figure‌‌                             

30.‌ ‌Overall,‌ ‌the‌ ‌Water‌ ‌Use‌ ‌for‌ ‌the‌ ‌production‌ ‌of‌‌the‌‌micronized‌‌graphite‌‌for‌‌the‌‌upgrade‌‌                             

plant‌ ‌is‌ ‌minimal.‌ ‌Electricity‌ ‌contributes‌ ‌just‌ ‌over‌ ‌half‌‌(52.6%)‌‌of‌‌the‌‌Water‌‌Use‌‌due‌‌to‌‌the‌‌                               

embodied‌ ‌impact‌ ‌associated‌ ‌with‌ ‌the‌ ‌production‌ ‌of‌ ‌the‌ ‌electricity‌ ‌used.‌‌The‌‌direct‌‌water‌‌                         

consumption‌ ‌contributes‌ ‌47.4%‌ ‌of‌ ‌the‌ ‌Water‌ ‌Use‌ ‌impact‌ ‌category.‌‌ ‌  
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Figure‌ ‌29:‌ ‌Contribution‌ ‌Analysis‌ ‌for‌ ‌the‌ ‌Water‌ ‌Use‌ ‌Impact‌ ‌Category‌ ‌for‌ ‌Coated‌ ‌Spheronized‌ ‌Purified‌ ‌Graphite.‌ ‌ 

Figure‌ ‌30:‌ ‌Contribution‌ ‌Analysis‌ ‌for‌ ‌the‌ ‌Water‌ ‌Use‌ ‌Impact‌ ‌Category‌ ‌for‌ ‌Micronized‌ ‌Graphite.‌‌ ‌ ‌    
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5.‌ ‌Data‌ ‌Quality‌ ‌Assessment‌ ‌ 

The‌ ‌foreground‌ ‌and‌ ‌background‌ ‌data‌ ‌of‌ ‌the‌ ‌Life‌ ‌Cycle‌ ‌Inventory‌ ‌was‌ ‌judged‌ ‌on‌‌                         

technological‌‌and‌‌time‌‌representativeness,‌‌geographical‌‌coverage,‌‌completeness,‌‌precision‌‌               

and‌‌consistency.‌‌Foreground‌‌data‌‌used‌‌in‌‌this‌‌study‌‌was‌‌generated‌‌from‌‌data‌‌provided‌‌by‌‌                           

Leading‌ ‌Edge‌ ‌Materials‌ ‌Corp.‌ ‌The‌ ‌background‌ ‌data‌ ‌used‌ ‌within‌ ‌this‌ ‌LCA‌ ‌was‌ ‌from‌‌                         

Ecoinvent‌ ‌3.7.1‌ ‌‌15‌.‌‌ ‌  

The‌ ‌foreground‌ ‌data‌ ‌used‌ ‌for‌ ‌the‌ ‌mine‌ ‌and‌ ‌concentrator‌ ‌plant‌ ‌in‌ ‌the‌ ‌PEA‌ ‌is‌ ‌based‌ ‌on‌‌                               

operational‌ ‌data,‌ ‌with‌‌an‌‌uncertainty‌‌of‌‌15%‌‌associated‌‌with‌‌it.‌‌The‌‌upgrade‌‌plant‌‌data‌‌in‌‌                             

the‌ ‌PEA‌ ‌has‌ ‌a‌ ‌lower‌ ‌definition‌ ‌of‌ ‌data,‌ ‌thus‌ ‌is‌ ‌associated‌ ‌with‌ ‌an‌ ‌uncertainty‌ ‌of‌ ‌30%.‌‌As‌‌                                 

more‌‌effort‌‌is‌‌put‌‌into‌‌defining‌‌the‌‌upgrade‌‌plant‌‌and‌‌the‌‌associated‌‌process,‌‌the‌‌quality‌‌of‌‌                               

the‌ ‌available‌ ‌information‌ ‌increases,‌ ‌which‌ ‌will‌ ‌determine‌ ‌the‌ ‌level‌ ‌of‌ ‌accuracy‌ ‌of‌ ‌the‌‌                         

production‌ ‌and‌ ‌cost‌ ‌estimates‌ ‌and‌ ‌thus‌ ‌directly‌ ‌the‌ ‌associated‌ ‌LCA‌ ‌study‌ ‌inputs.‌ ‌ 

● Technological‌ ‌Representativeness:‌ ‌The‌ ‌PEA‌ ‌documents‌ ‌for‌ ‌the‌ ‌study,‌ ‌provided‌ ‌by‌‌                   

Leading‌ ‌Edge‌ ‌Materials‌ ‌Corp,‌ ‌were‌ ‌checked‌ ‌for‌ ‌completeness‌ ‌of‌ ‌the‌ ‌Life‌ ‌Cycle‌‌                       

Inventory,‌ ‌whilst‌ ‌modelling‌ ‌specifically‌ ‌for‌ ‌the‌ ‌technology‌ ‌relevant‌ ‌for‌ ‌this‌ ‌study.‌‌                     

Proxy‌‌data‌‌was‌‌used‌‌for‌‌the‌‌silt‌‌content‌‌(%‌‌by‌‌weight)‌‌and‌‌number‌‌of‌‌days‌‌rain‌‌was‌‌                                 

above‌‌0.25‌‌mm‌‌for‌‌the‌‌PM2.5‌‌calculation.‌‌Proxy‌‌data‌‌was‌‌calculated‌‌for‌‌ANFO‌‌(60%‌‌                           

ammonium‌‌nitrate‌‌and‌‌40%‌‌fuel‌‌oil).‌‌This‌‌includes‌‌direct‌‌emissions.‌‌All‌‌background‌‌                       

data‌‌sources‌‌were‌‌sourced‌‌from‌‌Ecoinvent‌‌3.7.1.‌‌No‌‌data‌‌points‌‌were‌‌left‌‌out‌‌during‌‌                           

this‌ ‌study.‌ ‌The‌ ‌technological‌ ‌representativeness‌ ‌is‌ ‌considered‌ ‌to‌ ‌be‌ ‌good.‌ 

● Time‌ ‌Representativeness:‌ ‌All‌ ‌foreground‌ ‌data‌ ‌was‌ ‌collected,‌ ‌including‌ ‌proxy‌ ‌data‌‌                   

required‌ ‌to‌ ‌calculate‌ ‌PM2.5‌ ‌emissions,‌ ‌for‌ ‌the‌ ‌reference‌ ‌year‌ ‌2020-2021‌ ‌(data‌‌                     

provided‌ ‌by‌ ‌Leading‌ ‌Edge‌ ‌Materials‌ ‌Corp).‌ ‌All‌ ‌background‌ ‌data‌ ‌was‌‌sourced‌‌from‌‌                       

Ecoinvent‌ ‌3.7.1.‌ ‌The‌ ‌time‌ ‌representativeness‌ ‌was‌ ‌considered‌ ‌very‌ ‌good.‌ ‌ ‌   

● Geographical‌ ‌Coverage:‌ ‌country‌ ‌specific‌ ‌data‌ ‌was‌ ‌selected‌‌for‌‌the‌‌foreground‌‌and‌‌                     

background‌ ‌processes‌ ‌where‌ ‌possible.‌ ‌All‌ ‌background‌ ‌data‌ ‌sources‌ ‌were‌‌sourced‌‌                   

from‌‌Ecoinvent‌‌3.7.1.‌‌The‌‌geographical‌‌representativeness‌‌is‌‌considered‌‌to‌‌be‌‌very‌‌                     

good.‌‌ ‌  
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● Completeness:‌ ‌foreground‌ ‌processes‌ ‌were‌ ‌checked‌ ‌for‌ ‌mass‌ ‌balance‌ ‌and‌‌                 

completeness‌ ‌of‌ ‌the‌ ‌emission‌ ‌inventory.‌ ‌No‌ ‌data‌ ‌points‌ ‌were‌ ‌left‌ ‌out‌ ‌during‌ ‌this‌‌                         

study.‌ ‌The‌ ‌completeness‌ ‌of‌ ‌the‌ ‌foreground‌ ‌data‌ ‌is‌‌good.‌‌Proxy‌‌data‌‌was‌‌required‌‌                         

for‌ ‌the‌ ‌PM2.5‌ ‌calculations.‌ ‌All‌ ‌background‌ ‌data‌ ‌sources‌ ‌were‌ ‌sourced‌ ‌from‌‌                     

Ecoinvent‌‌3.7.1‌‌of‌‌which‌‌the‌‌completeness‌‌was‌‌documented.‌‌The‌‌completeness‌‌was‌‌                     

considered‌ ‌good.‌‌ ‌  

● Precision:‌ ‌all‌ ‌data‌ ‌associated‌ ‌with‌ ‌this‌ ‌study‌ ‌was‌ ‌based‌ ‌on‌ ‌primary‌ ‌information‌‌                       

sources‌ ‌provided‌ ‌by‌ ‌Leading‌ ‌Edge‌ ‌Materials‌ ‌Corp.‌ ‌The‌ ‌precision‌ ‌of‌ ‌the‌ ‌data‌ ‌was‌‌                         

considered‌ ‌to‌ ‌be‌ ‌very‌ ‌good.‌ ‌All‌ ‌background‌ ‌data‌ ‌sources‌ ‌were‌ ‌sourced‌ ‌from‌‌                       

Ecoinvent‌ ‌3.7.1‌ ‌of‌ ‌which‌ ‌the‌ ‌precision‌ ‌was‌ ‌documented.‌ ‌ 

● Methodological‌ ‌Appropriateness‌ ‌and‌ ‌Consistency:‌ ‌the‌ ‌primary‌ ‌data‌ ‌required‌ ‌for‌‌                 

the‌ ‌foreground‌ ‌processes‌ ‌was‌ ‌provided‌ ‌by‌ ‌Leading‌ ‌Edge‌ ‌Materials‌ ‌Corp.‌ ‌All‌‌                     

background‌ ‌data‌ ‌points‌ ‌were‌ ‌sourced‌ ‌from‌ ‌Ecoinvent‌ ‌3.7.1.‌ ‌The‌ ‌methodology‌‌                   

appropriateness‌ ‌is‌ ‌good‌ ‌and‌ ‌aligns‌ ‌with‌ ‌recent‌ ‌academic‌‌research‌‌‌16‌.‌‌By‌‌using‌‌the‌‌                         

Life‌‌Cycle‌‌Inventory‌‌provided‌‌in‌‌Appendix‌‌A,‌‌the‌‌modelling‌‌methodology‌‌outlined‌‌in‌‌                       

the‌ ‌report‌ ‌and‌ ‌the‌ ‌guidance‌ ‌provided‌ ‌about‌ ‌the‌ ‌background‌ ‌dataset‌ ‌choices,‌ ‌the‌‌                       

study‌ ‌should‌ ‌be‌ ‌able‌ ‌to‌ ‌be‌ ‌reproduced‌ ‌by‌ ‌an‌ ‌external‌ ‌party.‌ ‌ 

‌   
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6.‌ ‌Sensitivity‌ ‌Analysis‌‌ ‌  

6.1‌ ‌Sensitivity‌ ‌Analysis‌ ‌-‌ ‌Coated‌ ‌Spheronized‌ ‌Purified‌ ‌Graphite‌‌ ‌  

Sensitivity‌ ‌analysis‌ ‌was‌ ‌carried‌ ‌out‌ ‌to‌ ‌explore‌ ‌the‌ ‌effects‌ ‌of‌ ‌the‌ ‌variations‌ ‌in‌ ‌reagent,‌‌                           

material‌ ‌and‌ ‌energy‌ ‌consumption‌ ‌in‌ ‌relation‌ ‌to‌ ‌the‌ ‌final‌ ‌product‌ ‌life‌ ‌cycle‌ ‌impact‌‌                         

assessment‌‌categories‌‌results‌‌for‌‌CSPG.‌‌The‌‌effect‌‌of‌‌changes‌‌in‌‌consumption‌‌of‌‌five‌‌main‌‌                           

impact‌ ‌drivers‌ ‌were‌‌evaluated,‌‌being:‌‌nitrogen,‌‌solvent,‌‌argon,‌‌electricity‌‌for‌‌purification‌‌+‌‌                       

coating‌ ‌and‌ ‌pitch.‌ ‌The‌ ‌results‌ ‌of‌ ‌this‌ ‌are‌ ‌shown‌ ‌in‌ ‌Figure‌ ‌31‌ ‌for‌ ‌the‌ ‌Global‌ ‌Warming‌‌                               

Potential‌ ‌(GWP)‌ ‌impact‌ ‌category,‌ ‌in‌ ‌kg‌‌CO‌2‌ ‌eq.‌‌per‌‌kg‌‌CSPG.‌‌The‌‌results‌‌for‌‌the‌‌sensitivity‌‌                               

analysis‌ ‌carried‌ ‌out‌ ‌for‌ ‌the‌ ‌other‌ ‌impact‌ ‌categories‌ ‌are‌ ‌available‌ ‌upon‌ ‌request.‌‌ ‌  

If‌‌the‌‌consumption‌‌of‌‌argon‌‌is‌‌reduced‌‌by‌‌20%,‌‌the‌‌GWP‌‌decreases‌‌from‌‌1.7‌‌kg‌‌CO‌2‌ ‌eq.‌‌per‌‌                                   

kg‌‌CSPG‌‌to‌‌1.6‌‌kg‌‌CO‌2‌ ‌eq.‌‌per‌‌kg‌‌CSPG.‌‌Alternatively,‌‌if‌‌the‌‌consumption‌‌of‌‌argon‌‌increases‌‌                                 

by‌ ‌20%,‌ ‌the‌ ‌overall‌ ‌GWP‌‌increases‌‌to‌‌1.9‌‌kg‌‌CO‌2‌ ‌eq.‌‌per‌‌kg‌‌CSPG‌‌each.‌‌Additionally,‌‌if‌‌the‌‌                                   

embodied‌‌impacts‌‌associated‌‌with‌‌the‌‌production‌‌of‌‌argon‌‌change‌‌by‌‌士‌20%,‌‌this‌‌will‌‌also‌‌                           

increase‌ ‌or‌ ‌decrease‌ ‌the‌ ‌GWP.‌‌ ‌  

If‌ ‌the‌ ‌consumption‌ ‌of‌ ‌nitrogen,‌‌solvent‌‌or‌‌electricity‌‌were‌‌to‌‌decrease‌‌by‌‌20%,‌‌the‌‌overall‌‌                             

GWP‌ ‌would‌ ‌decrease‌ ‌by‌ ‌<‌ ‌0.04‌ ‌kg‌ ‌CO‌2‌ ‌eq.‌ ‌per‌ ‌kg‌ ‌CSPG.‌ ‌On‌ ‌the‌ ‌other‌ ‌hand,‌ ‌if‌ ‌the‌‌                                   

consumption‌‌of‌‌these‌‌three‌‌inputs‌‌were‌‌to‌‌increase‌‌by‌‌20%,‌‌the‌‌increase‌‌in‌‌GWP‌‌is‌‌<‌‌0.03‌‌                                 

kg‌ ‌CO‌2‌‌ ‌eq.‌ ‌per‌ ‌kg‌ ‌CSPG.‌‌ ‌  

There‌ ‌is‌ ‌minimal‌ ‌change‌ ‌in‌ ‌the‌ ‌overall‌ ‌GWP‌ ‌if‌ ‌the‌ ‌consumption‌ ‌of‌ ‌pitch‌‌is‌‌to‌‌increase‌‌or‌‌                                 

decrease‌ ‌by‌ ‌20%.‌‌ ‌  

‌ 
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Figure‌ ‌31:‌ ‌Sensitivity‌ ‌Analysis‌ ‌for‌ ‌the‌ ‌Global‌ ‌Warming‌ ‌Potential‌ ‌for‌ ‌the‌ ‌Production‌ ‌of‌ ‌Coated‌ ‌Spheronized‌ ‌Purified‌ ‌Graphite.‌ ‌ 
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6.2‌ ‌Sensitivity‌ ‌Analysis‌ ‌-‌ ‌Micronized‌ ‌Graphite‌‌ ‌  

Sensitivity‌ ‌analysis‌ ‌was‌ ‌carried‌ ‌out‌ ‌to‌ ‌explore‌ ‌the‌ ‌effects‌ ‌of‌ ‌the‌ ‌variations‌ ‌in‌ ‌reagent,‌‌                           

material‌ ‌and‌ ‌energy‌ ‌consumption‌ ‌in‌ ‌relation‌ ‌to‌ ‌the‌ ‌final‌ ‌product‌ ‌life‌ ‌cycle‌ ‌impact‌‌                         

assessment‌ ‌categories‌ ‌results‌ ‌for‌ ‌micronized‌ ‌graphite.‌ ‌The‌ ‌effect‌ ‌of‌ ‌changes‌ ‌in‌‌                     

consumption‌ ‌of‌ ‌five‌ ‌main‌ ‌impact‌ ‌drivers‌ ‌were‌ ‌evaluated,‌ ‌being:‌ ‌electricity‌ ‌used‌ ‌for‌ ‌the‌‌                         

concentrator‌ ‌plant,‌ ‌diesel‌ ‌for‌ ‌haulage,‌ ‌ANFO,‌ ‌electricity‌ ‌used‌ ‌for‌ ‌the‌ ‌upgrade‌ ‌plant‌ ‌and‌‌                         

water‌ ‌used‌ ‌for‌ ‌the‌ ‌concentrator‌ ‌plant.‌ ‌The‌ ‌results‌ ‌of‌‌this‌‌are‌‌shown‌‌in‌‌Figure‌‌32‌‌for‌‌the‌                                 

Global‌‌Warming‌‌Potential‌‌(GWP)‌‌impact‌‌category,‌‌in‌‌kg‌‌CO‌2‌ ‌eq.‌‌per‌‌kg‌‌micronized‌‌graphite.‌‌                           

The‌ ‌results‌ ‌for‌ ‌the‌ ‌sensitivity‌ ‌analysis‌ ‌carried‌ ‌out‌ ‌for‌ ‌the‌ ‌other‌ ‌impact‌ ‌categories‌ ‌and‌‌                           

co-product‌ ‌are‌ ‌available‌ ‌upon‌ ‌request.‌‌ ‌  

Overall,‌‌there‌‌is‌‌minimal‌‌change‌‌in‌‌all‌‌the‌‌consumables‌‌chosen,‌‌with‌‌the‌‌maximum‌‌change‌                           

in‌‌GWP‌‌being‌‌<‌‌0.01‌‌kg‌‌CO‌2‌ ‌eq.‌‌per‌‌kg‌‌micronized‌‌graphite.‌‌The‌‌electricity‌‌consumed‌‌at‌‌the‌‌                                 

upgrade‌ ‌plant‌ ‌has‌ ‌the‌ ‌greatest‌ ‌impact‌ ‌on‌ ‌the‌ ‌GWP,‌ ‌with‌ ‌the‌ ‌overall‌ ‌GWP‌ ‌increasing‌ ‌or‌‌                             

decreasing‌‌by‌‌0.003‌‌kg‌‌CO‌2‌ ‌eq.‌‌per‌‌kg‌‌micronized‌‌graphite,‌‌if‌‌the‌‌consumption‌‌of‌‌electricity‌‌                             

were‌ ‌to‌ ‌increase‌ ‌or‌ ‌decrease‌ ‌by‌ ‌20%.‌‌ ‌  

The‌‌diesel‌‌for‌‌haulage,‌‌ANFO,‌‌and‌‌electricity‌‌and‌‌water‌‌consumed‌‌at‌‌the‌‌concentrator‌‌plant‌‌                           

have‌ ‌a‌ ‌minimal‌ ‌change‌ ‌in‌ ‌GWP‌‌if‌‌the‌‌consumption‌‌is‌‌increased‌‌or‌‌decreased‌‌by‌‌20%.‌‌For‌‌                               

each‌ ‌of‌ ‌those‌ ‌consumables,‌ ‌the‌ ‌GWP‌ ‌remains‌ ‌0.04‌ ‌kg‌ ‌CO‌2‌‌ ‌eq.‌ ‌per‌ ‌kg‌ ‌micronized‌ ‌graphite.‌ ‌ 

‌ 

‌ 
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Figure‌ ‌32:‌ ‌Sensitivity‌ ‌Analysis‌ ‌for‌ ‌the‌ ‌Global‌ ‌Warming‌ ‌Potential‌ ‌for‌ ‌the‌ ‌Production‌ ‌of‌ ‌Micronized‌ ‌Graphite.‌ ‌ 
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7.‌ ‌Monte‌ ‌Carlo‌ ‌Simulations‌‌ ‌  

The‌‌uncertainty‌‌related‌‌to‌‌the‌‌data‌‌quality‌‌of‌‌the‌‌LCI‌‌and‌‌the‌‌background‌‌data‌‌quality‌‌has‌‌                               

been‌‌explored‌‌in‌‌relation‌‌to‌‌the‌‌environmental‌‌impacts‌‌using‌‌Monte‌‌Carlo‌‌simulations.‌‌This‌‌                         

will‌ ‌allow‌ ‌for‌ ‌the‌ ‌assessment‌ ‌of‌ ‌the‌ ‌possible‌ ‌range‌ ‌of‌ ‌the‌ ‌calculated‌ ‌impacts‌ ‌associated‌‌                           

with‌‌the‌‌LCI‌‌and‌‌background‌‌data‌‌uncertainty.‌‌These‌‌results‌‌assist‌‌with‌‌understanding‌‌the‌‌                         

risk‌ ‌and‌ ‌uncertainty‌ ‌associated‌ ‌with‌ ‌this‌ ‌prospective‌ ‌LCA.‌ ‌ 

Different‌ ‌uncertainties‌ ‌are‌ ‌associated‌ ‌with‌ ‌the‌ ‌individual‌‌flows‌‌within‌‌the‌‌system.‌‌For‌‌the‌‌                         

mine‌ ‌and‌ ‌concentrator,‌ ‌due‌ ‌to‌ ‌being‌ ‌within‌ ‌its‌ ‌care‌ ‌and‌ ‌maintenance‌ ‌stage,‌ ‌a‌ ‌standard‌‌                           

deviation‌ ‌uncertainty‌ ‌of‌ ‌15%‌ ‌was‌ ‌assumed‌ ‌for‌ ‌the‌ ‌energy‌ ‌and‌ ‌material‌ ‌inputs‌ ‌and‌‌                         

associated‌‌direct‌‌emissions.‌‌The‌‌upgrade‌‌plant‌‌is‌‌at‌‌PEA‌‌stage,‌‌thus‌‌a‌‌30%‌‌uncertainty‌‌was‌                             

assumed‌ ‌for‌ ‌the‌ ‌consumables‌ ‌and‌ ‌associated‌ ‌direct‌ ‌emissions‌ ‌within‌ ‌this‌ ‌stage.‌17‌ ‌ 

The‌ ‌model‌ ‌is‌ ‌built‌ ‌in‌ ‌such‌ ‌a‌ ‌way‌ ‌that‌ ‌an‌ ‌increase‌ ‌in‌ ‌direct‌ ‌emissions‌ ‌cannot‌ ‌take‌ ‌place‌‌                                 

without‌ ‌an‌ ‌increase‌ ‌in‌ ‌the‌‌process‌‌parameter‌‌that‌‌is‌‌responsible‌‌for‌‌that.‌‌At‌‌this‌‌time,‌‌no‌‌                               

uncertainty‌ ‌associated‌ ‌with‌ ‌the‌ ‌background‌ ‌data‌ ‌was‌ ‌included.‌ ‌It‌ ‌is‌ ‌assumed‌ ‌that‌ ‌the‌‌                         

uncertainties‌‌associated‌‌with‌‌the‌‌foreground‌‌data,‌‌is‌‌high‌‌enough‌‌so‌‌that‌‌it‌‌also‌‌covers‌‌the‌‌                             

uncertainty‌‌of‌‌the‌‌background‌‌data.‌‌The‌‌uncertainty‌‌of‌‌the‌‌background‌‌data‌‌will‌‌become‌‌of‌‌                           

a‌ ‌larger‌ ‌importance‌ ‌when‌ ‌the‌ ‌project‌ ‌becomes‌ ‌more‌ ‌defined.‌‌ ‌  

7.1‌ ‌Monte‌ ‌Carlo‌ ‌Simulation‌ ‌-‌ ‌Coated‌ ‌Spheronized‌ ‌Purified‌ ‌Graphite‌ ‌ 

The‌ ‌results‌ ‌of‌ ‌the‌ ‌Monte‌ ‌Carlo‌ ‌simulations‌ ‌of‌ ‌the‌ ‌Global‌ ‌Warming‌ ‌Potential‌ ‌for‌ ‌the‌‌                           

functional‌‌unit‌‌are‌‌shown‌‌in‌‌Figure‌‌33.‌‌A‌‌wide‌‌range‌‌of‌‌values‌‌has‌‌been‌‌obtained,‌‌ranging‌‌                               

from‌ ‌0.9‌‌to‌‌2.8‌‌kg‌‌CO‌2‌ ‌eq.‌‌per‌‌kg‌‌CSPG,‌‌as‌‌shown‌‌in‌‌Table‌‌8.‌‌The‌‌mean‌‌value‌‌of‌‌the‌‌1,000‌‌                                         

iterations‌‌is‌‌1.7‌‌kg‌‌CO‌2‌ ‌eq.‌‌per‌‌kg‌‌CSPG.‌‌This‌‌is‌‌a‌‌similar‌‌value‌‌as‌‌the‌‌value‌‌obtained‌‌by‌‌the‌‌                                       

LCA‌ ‌model‌ ‌(section‌ ‌4.1).‌ ‌The‌ ‌results‌ ‌for‌ ‌the‌ ‌Monte‌ ‌Carlo‌ ‌Simulations‌ ‌carried‌ ‌out‌ ‌for‌ ‌the‌‌                             

other‌ ‌impact‌ ‌categories‌ ‌and‌ ‌co-product‌ ‌are‌ ‌available‌ ‌upon‌ ‌request.‌‌ ‌  

‌ ‌  
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Figure‌ ‌33:‌ ‌Results‌ ‌of‌ ‌Monte‌ ‌Carlo‌ ‌simulations‌ ‌for‌ ‌Global‌ ‌Warming‌ ‌Potential‌ ‌of‌ ‌Coated‌ ‌Spheronized‌ ‌Purified‌ ‌Graphite.‌ ‌ 

‌ 

Table‌ ‌8:‌ ‌Statistics‌ ‌Describing‌ ‌Results‌ ‌for‌ ‌the‌ ‌Global‌ ‌Warming‌ ‌Potential‌  ‌as‌ ‌a‌ ‌Result‌ ‌of‌ ‌the‌ ‌Monte‌ ‌Carlo‌ ‌Simulations.‌ ‌ 

‌ 
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Global‌ ‌Warming‌ ‌Potential‌ ‌ 
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LCA‌ ‌Study‌ ‌  1.7‌ ‌ 

Mean‌ ‌  1.8‌ ‌ 

Minimum‌ ‌  0.9‌ ‌ 
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7.1‌ ‌Monte‌ ‌Carlo‌ ‌Simulation‌ ‌-‌ ‌Micronized‌ ‌Graphite‌ ‌ 

The‌ ‌results‌ ‌of‌ ‌the‌ ‌Monte‌ ‌Carlo‌ ‌simulations‌ ‌of‌ ‌the‌ ‌Global‌ ‌Warming‌ ‌Potential‌ ‌for‌ ‌the‌‌                           

functional‌‌unit‌‌are‌‌shown‌‌in‌‌Figure‌‌34.‌‌Values‌‌obtained‌‌range‌‌from‌‌0.02‌‌to‌‌0.05‌‌kg‌‌CO‌2‌ ‌eq.‌                                 

per‌‌kg‌‌micronized‌‌graphite,‌‌as‌‌shown‌‌in‌‌Table‌‌9.‌‌The‌‌mean‌‌value‌‌of‌‌the‌‌1,000‌‌iterations‌‌is‌‌                                 

0.04‌ ‌kg‌ ‌CO‌2‌ ‌eq.‌‌per‌‌kg‌‌micronized‌‌graphite.‌‌This‌‌is‌‌the‌‌same‌‌as‌‌the‌‌value‌‌obtained‌‌by‌‌the‌‌                                   

LCA‌ ‌model‌ ‌(section‌‌4.1).‌‌There‌‌are‌‌no‌‌significant‌‌di‌fferences‌‌between‌‌the‌‌value‌‌calculated‌‌                         

in‌‌the‌‌LCA‌‌study‌‌and‌‌the‌‌average‌‌value‌‌obtained‌‌through‌‌the‌‌Monte‌‌Carlo‌‌simulations.‌‌‌The‌‌                             

results‌ ‌for‌ ‌the‌ ‌Monte‌ ‌Carlo‌ ‌Simulations‌ ‌carried‌ ‌out‌ ‌for‌ ‌the‌ ‌other‌ ‌impact‌ ‌categories‌ ‌and‌‌                           

co-product‌ ‌are‌ ‌available‌ ‌upon‌ ‌request.‌ ‌ 

‌ 

Figure‌ ‌34:‌ ‌Results‌ ‌of‌ ‌Monte‌ ‌Carlo‌ ‌simulations‌ ‌for‌ ‌Global‌ ‌Warming‌ ‌Potential‌ ‌of‌ ‌Micronized‌ ‌Graphite.‌ ‌ 

‌ 

‌ 

‌ 

‌ 
‌ 

65‌ ‌-‌‌ ‌‌Leading‌ ‌Edge‌ ‌Materials‌ ‌Corp‌ ‌-‌ ‌Life‌ ‌Cycle‌ ‌Assessment‌ ‌-‌ ‌August‌ ‌2021‌ ‌-‌ ‌Version‌ ‌Final‌ ‌  ‌      ‌‌www.minviro.com‌‌ ‌  

http://www.minviro.com/


‌  ‌  ‌  ‌   

‌ 

Table‌ ‌9:‌ ‌Statistics‌ ‌Describing‌ ‌Results‌ ‌for‌ ‌the‌ ‌Global‌ ‌Warming‌ ‌Potential‌  ‌as‌ ‌a‌ ‌Result‌ ‌of‌ ‌the‌ ‌Monte‌ ‌Carlo‌ ‌Simulations.‌ ‌ 
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Descriptor‌ ‌ 
Global‌ ‌Warming‌ ‌Potential‌ ‌ 

(kg‌ ‌CO‌2‌‌ ‌eq.‌ ‌per‌ ‌kg‌ ‌micronized‌ ‌graphite)‌ ‌ 

LCA‌ ‌Study‌ ‌  0.04‌ ‌ 

Mean‌ ‌  0.04‌ ‌ 

Minimum‌ ‌  0.02‌ ‌ 

Maximum‌ ‌  0.05‌ ‌ 

Standard‌ ‌Deviation‌ ‌  0.004‌ ‌ 

http://www.minviro.com/


‌  ‌  ‌  ‌   

‌ 

8.‌ ‌Benchmarking‌ ‌Against‌ ‌Operational‌ ‌Facilities‌ ‌ 

The‌ ‌final‌ ‌objective‌ ‌of‌ ‌this‌ ‌LCA‌ ‌is‌ ‌to‌ ‌compare‌ ‌the‌ ‌results‌ ‌of‌ ‌LEMs‌ ‌CSPG‌ ‌and‌ ‌MG‌‌products‌‌                                 

against‌ ‌CSPG‌ ‌and‌ ‌MG‌ ‌products‌ ‌produced‌ ‌via‌ ‌natural‌ ‌and‌ ‌synthetic‌ ‌production‌ ‌routes‌ ‌in‌‌                         

China.‌ ‌The‌ ‌comparison‌ ‌of‌ ‌the‌ ‌assessed‌ ‌impact‌ ‌categories‌ ‌against‌ ‌operational‌ ‌routes‌ ‌for‌‌                       

producing‌ ‌CSPG‌ ‌and‌ ‌micronized‌ ‌graphite‌ ‌in‌ ‌China‌ ‌can‌ ‌be‌ ‌found‌ ‌in‌ ‌Table‌ ‌11.‌‌The‌‌natural‌‌                             

graphite‌ ‌route‌ ‌was‌ ‌based‌ ‌on‌ ‌anode‌ ‌grade‌ ‌natural‌ ‌graphite‌ ‌production‌ ‌by‌ ‌Aoxing‌ ‌New‌‌                         

Materials‌‌Co.‌‌Ltd‌‌in‌‌Luobei,‌‌Heilongjiang.‌‌The‌‌synthetic‌‌graphite‌‌route‌‌was‌‌based‌‌on‌‌anode‌‌                           

grade‌ ‌synthetic‌ ‌graphite‌ ‌production‌‌by‌‌Futan‌‌New‌‌Material‌‌Technology‌‌Co.‌‌Ltd‌‌in‌‌Jinjiang,‌‌                         

Fuijan.‌ ‌In‌ ‌this‌ ‌comparison,‌ ‌the‌ ‌following‌ ‌points‌ ‌need‌ ‌to‌ ‌be‌ ‌considered:‌‌ ‌  

● The‌ ‌data‌ ‌collected‌ ‌for‌ ‌the‌ ‌benchmark‌ ‌studies‌ ‌assessed‌ ‌are‌ ‌derived‌ ‌from‌ ‌public‌‌                       

sources.‌18–20‌ ‌ 

● The‌ ‌background‌ ‌databases‌ ‌used‌ ‌for‌ ‌the‌ ‌benchmarking‌‌studies‌‌are‌‌Ecoinvent‌‌3.7.1‌‌                     

and‌ ‌ILCD‌ ‌2011‌ ‌Direct‌ ‌Air‌ ‌Emissions‌ ‌database.‌‌ ‌  

● Transport‌‌data‌‌of‌‌consumables‌‌and‌‌waste‌‌management‌‌have‌‌not‌‌been‌‌collected‌‌for‌‌                       

the‌‌Chinese‌‌processing‌‌facilities.‌‌Transport‌‌and‌‌waste‌‌management‌‌impact‌‌data‌‌has‌‌                     

been‌ ‌excluded‌ ‌from‌ ‌the‌ ‌benchmarking‌‌results‌‌for‌‌Leading‌‌Edge‌‌Materials‌‌(LEM)‌‌to‌‌                       

allow‌ ‌for‌ ‌a‌ ‌direct‌ ‌comparison.‌‌ ‌  

● Proxy‌‌data‌‌has‌‌been‌‌collected‌‌to‌‌fill‌‌data‌‌gaps‌‌in‌‌the‌‌purification‌‌stage‌‌of‌‌the‌‌coated‌‌                               

spheronized‌ ‌graphite‌ ‌by‌ ‌Aoxing‌ ‌New‌ ‌Materials‌ ‌Co.‌ ‌Ltd.‌ ‌A‌ ‌higher‌ ‌uncertainty‌ ‌is‌‌                       

associated‌‌with‌‌this.‌‌It‌‌is‌‌assumed‌‌that‌‌LEM‌‌and‌‌Aoxing‌‌New‌‌Materials‌‌Co.‌‌Ltd‌‌have‌                             

the‌ ‌same‌ ‌purification‌ ‌route.‌‌ ‌  

● Proxy‌‌data‌‌for‌‌the‌‌upgrade‌‌stage‌‌of‌‌producing‌‌micronized‌‌graphite‌‌benchmark‌‌has‌‌                       

been‌ ‌used‌ ‌due‌ ‌to‌ ‌the‌ ‌lack‌ ‌of‌ ‌public‌ ‌data.‌ ‌The‌ ‌data‌ ‌was‌ ‌collected‌ ‌from‌ ‌Minviro’s‌‌                             

internal‌ ‌database.‌ ‌ 

● A‌‌comparison‌‌could‌‌not‌‌be‌‌made‌‌for‌‌the‌‌Water‌‌Use‌‌impact‌‌category‌‌due‌‌to‌‌the‌‌lack‌‌                               

of‌ ‌data‌ ‌available‌ ‌on‌ ‌the‌ ‌water‌ ‌lost‌ ‌and‌ ‌degraded‌ ‌for‌ ‌the‌ ‌LEM‌ ‌process‌ ‌and‌ ‌the‌‌                             

natural‌ ‌and‌ ‌synthetic‌ ‌graphite‌ ‌benchmark‌ ‌routes‌ ‌to‌ ‌allow‌ ‌for‌ ‌a‌ ‌fair‌ ‌comparison.‌ ‌ 

● 15-30%‌‌uncertainty‌‌range‌‌is‌‌associated‌‌with‌‌LEM‌‌routes‌‌(see‌‌Chapter‌‌7).‌‌There‌‌is‌‌an‌‌                           

uncertainty‌ ‌margin‌ ‌of‌ ‌10%‌ ‌with‌ ‌the‌ ‌benchmark‌ ‌route,‌ ‌with‌ ‌45%‌ ‌uncertainty‌‌                     

‌ 
‌ 
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assigned‌‌to‌‌proxy‌‌data‌‌used.‌17‌ ‌The‌‌10%‌‌uncertainty‌‌is‌‌assigned‌‌to‌‌operations‌‌due‌‌to‌‌                           

the‌ ‌data‌ ‌being‌‌collected‌‌or‌‌measured‌‌from‌‌the‌‌operation‌‌specifically,‌‌which‌‌lowers‌‌                       

the‌ ‌uncertainty‌ ‌overall.‌ ‌In‌ ‌comparison,‌ ‌the‌ ‌data‌ ‌for‌ ‌projects‌ ‌in‌ ‌development‌ ‌are‌‌                       

assigned‌ ‌a‌ ‌higher‌ ‌uncertainty‌ ‌due‌ ‌to‌ ‌the‌ ‌data‌ ‌being‌ ‌produced‌ ‌from‌ ‌modelling.‌‌ ‌  

8.1‌ ‌Impact‌ ‌of‌ ‌Producing‌ ‌Anode‌ ‌Grade‌ ‌Graphite‌ ‌-‌ ‌Natural‌ ‌vs‌ ‌Synthetic‌ ‌Graphite‌ ‌ 

A‌ ‌comparison‌ ‌of‌ ‌the‌ ‌LEM‌ ‌process‌ ‌for‌‌producing‌‌anode‌‌grade‌‌graphite‌‌against‌‌the‌‌Aoxing‌‌                           

New‌‌materials‌‌Co.‌‌Ltd‌‌process‌‌and‌‌Futan‌‌New‌‌Material‌‌Technology‌‌Co.‌‌Ltd‌‌process,‌‌based‌‌                           

in‌ ‌China,‌‌is‌‌shown‌‌in‌‌Table‌‌10.‌‌It‌‌must‌‌be‌‌noted,‌‌electricity‌‌for‌‌the‌‌Chinese‌‌routes‌‌(natural‌‌                                 

and‌ ‌synthetic)‌ ‌are‌ ‌assumed‌ ‌to‌ ‌be‌ ‌sourced‌ ‌from‌ ‌the‌ ‌regional‌ ‌grids,‌ ‌where‌‌the‌‌companies‌‌                           

are‌ ‌located.‌ ‌ 

The‌ ‌environmental‌ ‌impact‌ ‌for‌ ‌LEM’s‌ ‌route‌ ‌is‌ ‌lower‌ ‌than‌ ‌the‌ ‌Chinese‌ ‌routes‌ ‌(natural‌ ‌and‌‌                           

synthetic)‌‌for‌‌three‌‌impact‌‌categories‌‌selected.‌‌For‌‌GWP,‌‌the‌‌impact‌‌of‌‌LEM’s‌‌CSPG‌‌is‌‌1.7‌‌kg‌‌                               

CO‌2‌ ‌eq.‌ ‌per‌ ‌kg‌‌CSPG.‌‌The‌‌GWP‌‌calculated‌‌for‌‌Aoxing‌‌New‌‌materials‌‌Co.‌‌Ltd‌‌is‌‌13.2‌‌kg‌‌CO‌2‌ ‌                                   

eq.‌ ‌per‌ ‌kg‌ ‌CSPG.‌ ‌For‌ ‌synthetic‌ ‌graphite,‌ ‌the‌ ‌equivalent‌ ‌product‌ ‌to‌ ‌CSPG‌ ‌is‌ ‌anode‌ ‌grade‌‌                             

graphite,‌ ‌thus‌ ‌this‌ ‌is‌ ‌used‌ ‌as‌ ‌the‌ ‌functional‌ ‌unit‌ ‌for‌ ‌synthetic‌ ‌graphite.‌ ‌The‌ ‌GWP‌ ‌for‌‌                             

synthetic‌‌graphite‌‌production‌‌at‌‌Futan‌‌New‌‌Material‌‌Technology‌‌Co.‌‌Ltd‌‌is‌‌16.7‌‌kg‌‌CO‌2‌ ‌eq.‌‌                             

per‌‌kg‌‌anode‌‌grade‌‌graphite.‌‌The‌‌GWP‌‌is‌‌considerably‌‌higher‌‌than‌‌LEM’s,‌‌due‌‌to‌‌the‌‌higher‌‌                               

electricity‌ ‌consumption‌ ‌and‌ ‌environmental‌ ‌impact‌ ‌associated‌ ‌with‌ ‌the‌‌electricity‌‌grid‌‌mix‌‌                     

used‌ ‌in‌ ‌China,‌ ‌compared‌ ‌to‌ ‌the‌ ‌electricity‌ ‌source‌ ‌used‌ ‌by‌ ‌Leading‌ ‌Edge‌ ‌Materials,‌‌giving‌‌                           

LEM‌ ‌a‌ ‌clear‌ ‌advantage‌ ‌when‌ ‌producing‌ ‌CSPG‌ ‌in‌ ‌Sweden.‌‌ ‌  

Table‌ ‌10:‌ ‌Overall‌ ‌Results‌ ‌for‌ ‌Comparing‌ ‌the‌ ‌Production‌ ‌of‌ ‌Anode‌ ‌Grade‌ ‌Graphite‌ ‌via‌ ‌Natural‌ ‌and‌ ‌Synthetic‌ ‌Routes.‌ ‌ 

‌ 
‌ 
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‌ 
Synthetic‌ ‌CSPG‌ ‌-‌‌ ‌  

China‌ ‌ 
Natural‌ ‌CSPG‌ ‌-‌‌ 

China‌ ‌  LEM‌ ‌-‌ ‌CSPG‌ ‌ 

Global‌ ‌Warming‌ ‌Potential‌ ‌  16.7‌ ‌  13.2‌ ‌  1.7‌ ‌ 

Acidification‌ ‌Potential‌ ‌  0.01‌ ‌  0.1‌ ‌  8.6E‌-3‌ ‌ 

Freshwater‌ ‌Eutrophication‌‌ 
Potential‌ ‌  3.1E‌-4‌ ‌  2.1E‌-3‌ ‌  2.9E‌-3‌ ‌ 

Terrestrial‌ ‌Eutrophication‌‌ 
Potential‌ ‌  2.0E‌-1‌ ‌  1.6E‌-1‌ ‌  1.8E‌-2‌ ‌ 

Marine‌ ‌Eutrophication‌ ‌Potential‌ ‌  1.3E‌-3‌ ‌  4.9E‌-3‌ ‌  3.5E‌-3‌ ‌ 

Disease‌ ‌Incidence‌ ‌  6.6E‌-7‌ ‌  1.9E‌-6‌ ‌  7.9E‌-5‌ ‌ 
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‌ 

Monte‌‌Carlo‌‌simulations‌‌were‌‌run‌‌on‌‌each‌‌scenario‌‌with‌‌different‌‌uncertainties‌‌associated‌‌                       

with‌ ‌each‌ ‌production‌ ‌route‌ ‌to‌ ‌produce‌ ‌the‌ ‌anode‌ ‌grade‌‌graphite‌‌material.‌‌The‌‌results‌‌of‌‌                           

the‌ ‌Monte‌ ‌Carlo‌ ‌simulation‌ ‌can‌ ‌be‌ ‌found‌ ‌in‌ ‌Figure‌ ‌35.‌ ‌It‌ ‌is‌ ‌clear‌ ‌that‌ ‌even‌ ‌with‌ ‌the‌‌                                 

uncertainty,‌‌the‌‌maximum‌‌GWP‌‌for‌‌the‌‌LEM‌‌route‌‌to‌‌produce‌‌spheronized‌‌coated‌‌graphite‌‌                         

is‌ ‌lower‌‌than‌‌the‌‌minimum‌‌GWP‌‌for‌‌producing‌‌spheronized‌‌coated‌‌graphite‌‌in‌‌China.‌‌The‌‌                           

production‌‌of‌‌anode‌‌grade‌‌graphite‌‌via‌‌the‌‌synthetic‌‌route‌‌has‌‌the‌‌highest‌‌GWP,‌‌but‌‌there‌‌                             

is‌ ‌considerable‌ ‌overlap‌‌with‌‌the‌‌natural‌‌graphite‌‌production‌‌route‌‌in‌‌China.‌‌This‌‌indicates‌‌                         

that‌ ‌CSPG‌ ‌via‌ ‌natural‌ ‌graphite‌ ‌production‌ ‌can‌ ‌have‌ ‌a‌ ‌higher‌ ‌GWP‌ ‌impact‌ ‌than‌ ‌synthetic.‌‌ ‌  

Nonetheless,‌ ‌Chinese‌ ‌coal‌ ‌power‌ ‌generation‌ ‌is‌ ‌one‌ ‌of‌ ‌the‌ ‌largest‌ ‌single‌ ‌sources‌ ‌of‌‌                         

emissions‌‌within‌‌the‌‌life‌‌cycle‌‌context,‌‌with‌‌reducing‌‌these‌‌emissions‌‌by‌‌replacing‌‌the‌‌older‌‌                           

power‌ ‌plants‌ ‌with‌ ‌newer,‌ ‌more‌ ‌thermal‌ ‌efficient‌ ‌plants,‌ ‌alongside‌ ‌air‌ ‌polluting‌ ‌control‌‌                       

devices,‌ ‌being‌ ‌a‌ ‌priority‌ ‌for‌ ‌the‌‌Chinese‌‌government‌‌over‌‌the‌‌last‌‌10‌‌years.‌21‌ ‌It‌‌should‌‌be‌‌                               

noted‌‌that‌‌if‌‌the‌‌Chinese‌‌benchmark‌‌route‌‌were‌‌to‌‌use‌‌hydropower‌‌instead‌‌of‌‌the‌‌average‌‌                             

grid‌‌mix‌‌of‌‌the‌‌regions‌‌where‌‌the‌‌operations‌‌take‌‌place,‌‌the‌‌overall‌‌environmental‌‌impact‌‌                           

of‌‌producing‌‌CSPG‌‌will‌‌decrease‌‌significantly.‌‌Despite‌‌China’s‌‌decarbonizing‌‌strategies,‌‌the‌‌                     

majority‌ ‌of‌ ‌natural‌ ‌and‌ ‌synthetic‌ ‌graphite‌ ‌produced‌ ‌in‌ ‌China,‌‌and‌‌more‌‌specifically‌‌Inner‌‌                         

Mongolia,‌ ‌is‌ ‌producing‌ ‌using‌ ‌electricity‌ ‌currently‌ ‌sourced‌ ‌from‌ ‌coal.‌‌ ‌  

Overall,‌ ‌the‌ ‌results‌ ‌of‌ ‌the‌ ‌Monte‌ ‌Carlo‌ ‌simulations‌ ‌indicate‌ ‌that‌ ‌the‌ ‌spheronized‌ ‌coated‌‌                         

graphite‌ ‌product‌ ‌of‌ ‌the‌ ‌Woxna‌ ‌project‌ ‌is‌ ‌likely‌ ‌to‌‌have‌‌a‌‌lower‌‌GWP‌‌impact‌‌compared‌‌to‌‌                               

the‌ ‌two‌ ‌routes‌ ‌from‌ ‌China.‌ ‌ 

‌ 
‌ 
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Figure‌ ‌35:‌ ‌Results‌ ‌of‌ ‌Monte‌ ‌Carlo‌ ‌simulations‌ ‌for‌ ‌Global‌ ‌Warming‌ ‌Potential‌ ‌of‌ ‌Three‌ ‌Production‌ ‌Routes‌ ‌of‌ ‌Anode‌ ‌Grade‌ ‌Graphite.‌ ‌ 

The‌‌LEM‌‌route‌‌has‌‌a‌‌higher‌‌environmental‌‌impact‌‌for‌‌FEP‌‌(2.9E‌-3‌ ‌kg‌‌P‌‌eq.‌‌per‌‌kg‌‌CSPG)‌‌than‌‌                                   

synthetic‌‌route‌‌(3.1E‌-4‌ ‌eq.‌‌per‌‌kg‌‌anode‌‌grade‌‌graphite),‌‌and‌‌natural‌‌CSPG‌‌production‌‌route‌‌                           

in‌ ‌China‌ ‌(2.1E‌-3‌ ‌kg‌ ‌P‌ ‌eq.‌ ‌per‌ ‌kg‌ ‌CSPG).‌ ‌Additionally,‌ ‌for‌ ‌the‌ ‌Disease‌ ‌Incidence‌ ‌impact‌‌                             

category,‌‌LEM‌‌has‌‌the‌‌higher‌‌impact‌‌of‌‌7.9E‌-5‌ ‌disease‌‌incidence‌‌eq.‌‌per‌‌kg‌‌CSPG,‌‌compared‌‌                             

to‌‌its‌‌Chinese‌‌competitors.‌‌The‌‌natural‌‌graphite‌‌benchmark‌‌route‌‌in‌‌China‌‌has‌‌an‌‌impact‌‌of‌‌                             

1.9E‌-6‌ ‌disease‌ ‌incidence‌ ‌eq.‌ ‌per‌ ‌kg‌ ‌CSPG.‌ ‌Synthetic‌ ‌graphite‌ ‌production‌ ‌impact‌ ‌has‌ ‌a‌‌                         

disease‌ ‌incidence‌ ‌of‌ ‌6.6E‌-7‌ ‌disease‌ ‌incidence‌ ‌per‌ ‌kg‌ ‌anode‌ ‌grade‌ ‌graphite.‌ ‌The‌ ‌primary‌                         

reason‌‌for‌‌this‌‌is‌‌due‌‌to‌‌the‌‌higher‌‌environmental‌‌impact‌‌associated‌‌with‌‌these‌‌two‌‌impact‌‌                             

categories‌ ‌with‌ ‌the‌ ‌Vattenfall‌ ‌hydropower‌ ‌source‌ ‌than‌ ‌the‌ ‌grid‌ ‌electricity‌ ‌produced‌ ‌in‌‌                       

China.‌ ‌The‌ ‌Vattenfall‌ ‌hydropower‌ ‌has‌ ‌larger‌ ‌embodied‌ ‌emissions‌ ‌associated‌ ‌with‌ ‌the‌‌                     

deforestation‌ ‌and‌ ‌building‌ ‌of‌ ‌infrastructure‌ ‌for‌ ‌the‌ ‌hydropower‌ ‌facility,‌ ‌in‌‌comparison‌‌to‌‌                       

the‌ ‌Chinese‌ ‌grid.‌ ‌As‌ ‌a‌ ‌result‌ ‌of‌ ‌this,‌ ‌the‌ ‌overall‌ ‌impact‌ ‌for‌ ‌FEP‌ ‌and‌ ‌Disease‌ ‌Incidence‌ ‌is‌‌                                 

higher‌ ‌for‌ ‌the‌ ‌LEM‌ ‌route‌ ‌than‌ ‌the‌ ‌Chinese‌ ‌benchmarking‌ ‌routes.‌‌ ‌ ‌    
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8.2‌ ‌Impact‌ ‌of‌ ‌Producing‌ ‌Micronized‌ ‌Natural‌ ‌Graphite‌ ‌vs‌ ‌Leading‌ ‌Edge‌ ‌Micronized‌ ‌Graphite‌ ‌ 

A‌ ‌comparison‌ ‌of‌ ‌the‌ ‌LEM‌ ‌micronized‌ ‌graphite‌ ‌production‌ ‌against‌ ‌the‌ ‌production‌ ‌of‌‌                       

micronized‌‌graphite‌‌in‌‌China‌‌is‌‌shown‌‌in‌‌Table‌‌11.‌‌There‌‌is‌‌currently‌‌no‌‌public‌‌data‌‌for‌‌the‌‌                                 

production‌‌of‌‌micronized‌‌graphite‌‌available,‌‌therefore‌‌proxy‌‌data‌‌has‌‌been‌‌used,‌‌with‌‌the‌‌                         

energy‌‌inputs‌‌being‌‌characterized‌‌to‌‌the‌‌Chinese‌‌grid‌‌mix.‌‌The‌‌grid‌‌mix‌‌chosen,‌‌is‌‌the‌‌same‌‌                               

region‌ ‌as‌ ‌the‌ ‌Aoxing‌ ‌New‌ ‌materials‌ ‌Co.‌ ‌Ltd‌ ‌process,‌ ‌due‌ ‌to‌ ‌being‌ ‌the‌ ‌region‌ ‌which‌‌                             

produces‌ ‌the‌ ‌largest‌ ‌amount‌ ‌of‌ ‌natural‌ ‌graphite‌‌products.‌‌As‌‌a‌‌result‌‌of‌‌the‌‌lack‌‌of‌‌data,‌‌                               

the‌ ‌natural‌ ‌micronized‌ ‌graphite‌ ‌production‌ ‌route‌ ‌was‌ ‌assigned‌ ‌higher‌ ‌uncertainty‌ ‌of‌ ‌45%.‌ ‌ 

LEM’s‌ ‌micronized‌ ‌graphite‌ ‌product‌ ‌has‌ ‌a‌ ‌lower‌ ‌environmental‌ ‌impact‌ ‌in‌ ‌four‌ ‌of‌ ‌the‌ ‌five‌‌                           

impact‌ ‌categories‌ ‌calculated,‌ ‌in‌ ‌comparison‌ ‌to‌ ‌the‌ ‌production‌ ‌of‌ ‌micronized‌ ‌based‌ ‌in‌‌                       

China.‌ ‌The‌ ‌GWP‌ ‌of‌ ‌micronized‌ ‌graphite‌ ‌via‌ ‌the‌ ‌LEM‌ ‌route‌ ‌is‌ ‌0.04‌ ‌kg‌ ‌CO‌2‌ ‌eq.‌ ‌per‌ ‌kg‌‌                                 

micronized‌ ‌graphite.‌ ‌The‌ ‌GWP‌ ‌of‌ ‌producing‌ ‌micronized‌ ‌graphite‌ ‌based‌ ‌in‌ ‌China,‌ ‌is‌‌                       

estimated‌ ‌to‌ ‌be‌ ‌2.5‌ ‌kg‌ ‌CO‌2‌ ‌eq.‌ ‌per‌ ‌kg‌ ‌micronized‌ ‌graphite.‌ ‌LEM’s‌ ‌location‌ ‌for‌ ‌its‌ ‌CSPG‌‌                               

production‌‌is‌‌at‌‌a‌‌considerable‌‌advantage,‌‌regarding‌‌the‌‌GWP.‌‌The‌‌main‌‌advantage‌‌is‌‌from‌‌                           

the‌ ‌electricity‌ ‌grid‌ ‌mix.‌ ‌The‌ ‌Chinese‌ ‌grid‌ ‌is‌ ‌predominantly‌ ‌coal-powered,‌ ‌thus‌ ‌having‌ ‌a‌‌                         

significantly‌ ‌higher‌ ‌environmental‌ ‌impact‌ ‌than‌ ‌electricity‌ ‌sourced‌ ‌from‌ ‌Vattenfall.‌‌ ‌  

‌ 

Table‌ ‌11:‌ ‌Overall‌ ‌Results‌ ‌for‌ ‌Comparing‌ ‌the‌ ‌Production‌ ‌of‌ ‌Micronized‌ ‌Graphite‌ ‌at‌ ‌LEM‌ ‌vs‌ ‌Chinese‌ ‌Production‌ ‌Route.‌‌ ‌  

‌ 

Monte‌ ‌Carlo‌ ‌simulations‌ ‌were‌ ‌conducted‌ ‌to‌ ‌show‌ ‌the‌ ‌range‌ ‌in‌ ‌GWP‌ ‌dependent‌ ‌on‌ ‌the‌‌                           

uncertainty‌‌associated‌‌with‌‌each‌‌production‌‌route.‌‌The‌‌results‌‌are‌‌shown‌‌in‌‌Figure‌‌36.‌‌It‌‌is‌‌                             

‌ 
‌ 
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‌  Natural‌ ‌MG‌ ‌  Leading‌ ‌Edge‌ ‌MG‌ ‌ 

Global‌ ‌Warming‌ ‌Potential‌ ‌  2.5‌ ‌  0.04‌ ‌ 

Acidification‌ ‌Potential‌ ‌  3.7E‌-3‌ ‌  1.4E‌-4‌ ‌ 

Freshwater‌ ‌Eutrophication‌‌ 
Potential‌ ‌  1.7E‌-4‌ ‌  1.8E‌-4‌ ‌ 

Terrestrial‌ ‌Eutrophication‌‌ 
Potential‌ ‌  1.0E‌-2‌ ‌  6.5E‌-4‌ ‌ 

Marine‌ ‌Eutrophication‌ ‌Potential‌ ‌  9.7E‌-4‌ ‌  2.1E‌-4‌ ‌ 

Disease‌ ‌Incidence‌ ‌  6.0E‌-8‌ ‌  7.3E‌-6‌ ‌ 
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clear‌‌that‌‌the‌‌maximum‌‌GWP‌‌for‌‌LEM‌‌production‌‌route‌‌for‌‌producing‌‌micronized‌‌graphite‌‌                         

is‌‌lower‌‌than‌‌the‌‌minimum‌‌GWP‌‌for‌‌producing‌‌micronized‌‌graphite‌‌in‌‌China.‌‌This‌‌is‌‌mainly‌‌                             

due‌ ‌to‌ ‌the‌ ‌lower‌ ‌environmental‌ ‌impact‌ ‌associated‌ ‌with‌ ‌the‌ ‌electricity‌ ‌source‌ ‌in‌ ‌Sweden,‌‌                         

than‌ ‌the‌ ‌grid‌ ‌mix‌ ‌in‌ ‌China.‌‌ ‌  

Figure‌ ‌36:‌ ‌Results‌ ‌of‌ ‌Monte‌ ‌Carlo‌ ‌simulations‌ ‌for‌ ‌Global‌ ‌Warming‌ ‌Potential‌ ‌of‌ ‌Three‌ ‌Production‌ ‌Routes‌ ‌of‌ ‌Micronized‌ ‌Graphite.‌ ‌ 

For‌ ‌two‌ ‌of‌ ‌the‌ ‌three‌ ‌subcategories‌ ‌of‌ ‌the‌ ‌EP‌ ‌(freshwater,‌ ‌terrestrial‌ ‌and‌ ‌marine),‌ ‌LEM‌‌                           

production‌ ‌route‌ ‌has‌ ‌a‌ ‌lower‌ ‌impact‌ ‌than‌ ‌that‌‌of‌‌the‌‌Chinese‌‌production‌‌process.‌‌This‌‌is‌‌                             

likely‌ ‌due‌ ‌to‌ ‌the‌ ‌higher‌ ‌embodied‌‌impact‌‌associated‌‌with‌‌the‌‌Chinese‌‌electricity‌‌grid‌‌mix.‌‌                           

For‌ ‌FEP,‌ ‌LEM‌ ‌has‌ ‌a‌ ‌marginally‌ ‌higher‌ ‌environmental‌ ‌impact‌ ‌of‌ ‌1.8E‌-4‌ ‌kg‌ ‌P‌ ‌eq.‌ ‌per‌ ‌kg‌‌                               

micronized‌‌graphite,‌‌in‌‌comparison‌‌to‌‌micronized‌‌graphite‌‌being‌‌produced‌‌in‌‌China‌‌(1.7E‌-4‌ ‌                       

kg‌ ‌P‌ ‌eq.‌ ‌per‌ ‌kg‌ ‌micronized‌ ‌graphite).‌ ‌This‌ ‌also‌ ‌applies‌ ‌to‌ ‌the‌ ‌Disease‌ ‌Incidence‌ ‌impact‌‌                             

category.‌ ‌As‌ ‌mentioned‌ ‌above,‌ ‌this‌ ‌is‌ ‌due‌ ‌to‌ ‌the‌ ‌embodied‌ ‌impact‌ ‌associated‌ ‌with‌ ‌the‌‌                           

building‌ ‌and‌ ‌infrastructure‌ ‌used‌ ‌to‌ ‌produce‌ ‌the‌ ‌hydropower‌ ‌at‌ ‌Vattenfall‌ ‌hydropower‌‌                     

facility.‌ ‌ ‌   
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9.‌ ‌Mitigation‌ ‌Strategies‌ ‌ 

This‌ ‌chapter‌ ‌assesses‌ ‌impact‌ ‌mitigation‌ ‌strategies‌ ‌that‌ ‌should‌ ‌be‌ ‌considered‌ ‌to‌ ‌further‌‌                       

reduce‌ ‌the‌ ‌environmental‌ ‌impact‌ ‌for‌ ‌the‌ ‌production‌ ‌of‌ ‌CSPG‌ ‌and‌ ‌micronized‌ ‌graphite‌‌                       

products.‌ ‌ 

● The‌ ‌largest‌ ‌contributions‌ ‌to‌ ‌the‌ ‌overall‌ ‌environmental‌‌impacts‌‌are‌‌produced‌‌from‌‌                     

the‌ ‌consumption‌ ‌of‌ ‌argon‌ ‌and‌ ‌nitrogen,‌‌mainly‌‌due‌‌to‌‌the‌‌large‌‌embodied‌‌impact‌‌                         

associated‌ ‌with‌ ‌producing‌ ‌these‌ ‌reagents.‌ ‌It‌ ‌is‌ ‌recommended‌ ‌to‌ ‌investigate‌‌                   

suppliers‌ ‌e.g.,‌ ‌Air‌ ‌Liquide‌ ‌claims‌ ‌to‌ ‌produce‌ ‌these‌ ‌reagents‌ ‌with‌ ‌a‌ ‌lower‌‌                       

environmental‌ ‌impact‌ ‌and‌ ‌have‌ ‌type‌ ‌II‌ ‌environmental‌ ‌declarations‌ ‌for‌ ‌the‌‌                   

environmental‌ ‌impact‌ ‌calculated.‌ ‌It‌‌is‌‌recommended‌‌that‌‌consistent‌‌ISO-compliant‌‌                 

Life‌ ‌Cycle‌ ‌Assessments‌ ‌are‌ ‌carried‌ ‌out‌ ‌to‌ ‌quantify‌ ‌the‌ ‌impact‌ ‌of‌ ‌producing‌ ‌these‌‌                         

reagents.‌ ‌ 

● ANFO‌ ‌has‌ ‌a‌ ‌large‌ ‌quantity‌ ‌of‌ ‌direct‌ ‌air‌ ‌emissions‌ ‌as‌ ‌well‌ ‌as‌ ‌upstream‌ ‌scope‌ ‌3‌‌                             

emissions‌ ‌associated‌ ‌with‌ ‌its‌ ‌production.‌ ‌It‌ ‌is‌ ‌recommended‌ ‌to‌ ‌change‌ ‌the‌ ‌ANFO‌‌                       

source‌ ‌with‌ ‌lower‌ ‌direct‌ ‌and‌ ‌embodied‌ ‌emissions.‌ ‌For‌ ‌example,‌ ‌Hypex‌ ‌have‌‌                     

produced‌ ‌a‌ ‌NOx-free‌ ‌bio‌ ‌hydrogen‌ ‌peroxide‌ ‌emulsion‌ ‌to‌ ‌be‌ ‌used‌ ‌for‌ ‌mine‌‌                       

explosives.‌22‌ ‌ ‌  

● To‌ ‌minimize‌ ‌the‌ ‌environmental‌ ‌impact‌ ‌from‌ ‌haulage,‌ ‌it‌ ‌is‌ ‌advised‌ ‌to‌ ‌electrify‌ ‌the‌                         

mining‌ ‌feet.‌ ‌This‌ ‌will‌ ‌reduce‌ ‌the‌ ‌direct‌ ‌emissions‌ ‌on‌ ‌site.‌ ‌Alternatively,‌ ‌an‌‌                       

investigation‌‌into‌‌the‌‌use‌‌of‌‌a‌‌trolley‌‌assist‌‌system‌‌or‌‌in-pit‌‌crushing‌‌combined‌‌with‌‌                           

a‌‌conveyor‌‌belt‌‌system‌‌could‌‌also‌‌be‌‌a‌‌method‌‌to‌‌reduce‌‌the‌‌environmental‌‌impact‌‌                           

of‌ ‌the‌ ‌haulage‌ ‌fleet.‌ ‌ 

‌ 
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10.‌ ‌Conclusions‌ ‌and‌ ‌Recommendations‌‌ ‌  

10.1.‌ ‌Conclusions‌ ‌ 

A‌ ‌life‌ ‌cycle‌ ‌assessment‌ ‌was‌ ‌carried‌ ‌out‌ ‌to‌ ‌quantify‌ ‌the‌ ‌environmental‌ ‌impact‌ ‌associated‌‌                         

with‌ ‌the‌ ‌production‌ ‌of‌ ‌spheronized‌ ‌coated‌ ‌graphite‌ ‌and‌ ‌micronized‌ ‌graphite‌ ‌for‌ ‌the‌‌                       

Woxna‌ ‌graphite‌ ‌project.‌ ‌To‌ ‌allocate‌ ‌the‌ ‌impacts‌ ‌associated‌ ‌with‌ ‌the‌ ‌different‌ ‌products,‌‌                       

economic‌ ‌allocation‌ ‌has‌ ‌been‌ ‌used.‌ ‌One‌ ‌kg‌ ‌of‌ ‌spheronized‌ ‌coated‌ ‌graphite‌ ‌was‌‌used‌‌as‌‌                           

the‌ ‌functional‌ ‌unit,‌ ‌as‌ ‌the‌ ‌product‌ ‌contributes‌ ‌to‌ ‌86.3%‌ ‌of‌ ‌the‌ ‌project’s‌ ‌economic‌ ‌value.‌‌ ‌  

The‌ ‌Global‌ ‌Warming‌ ‌Potential‌ ‌for‌ ‌the‌ ‌functional‌ ‌unit‌ ‌was‌ ‌calculated‌ ‌to‌ ‌be‌‌1.7‌‌kg‌‌CO‌2‌ ‌eq.‌‌                               

per‌‌kg‌‌CSPG.‌‌The‌‌main‌‌drivers‌‌of‌‌the‌‌GWP‌‌impact‌‌category‌‌are‌‌the‌‌consumption‌‌of‌‌argon,‌‌                               

as‌ ‌well‌ ‌as‌ ‌electricity‌ ‌consumption‌ ‌(concentrator‌ ‌+‌ ‌upgrade‌ ‌plant),‌ ‌nitrogen,‌ ‌and‌ ‌solvent.‌‌                       

The‌ ‌micronized‌ ‌graphite‌ ‌co-product‌ ‌has‌ ‌a‌ ‌GWP‌ ‌of‌ ‌0.04‌ ‌kg‌ ‌CO‌2‌ ‌eq.‌ ‌per‌ ‌kg‌ ‌micronized‌‌                             

graphite.‌ ‌ 

For‌ ‌the‌‌acidification‌‌potential‌‌impact‌‌category,‌‌the‌‌results‌‌for‌‌one‌‌kg‌‌of‌‌CSPG‌‌is‌‌8.6E‌-3‌ ‌mol‌‌                               

H‌+‌ ‌per‌‌kg‌‌CSPG.‌‌For‌‌the‌‌FEP‌‌impact‌‌category,‌‌the‌‌result‌‌for‌‌the‌‌functional‌‌unit‌‌was‌‌2.9E‌-3‌ ‌kg‌‌                                   

P‌ ‌eq.‌ ‌per‌ ‌kg‌ ‌CSPG.‌ ‌The‌ ‌overall‌ ‌result‌ ‌for‌ ‌TEP‌ ‌is‌ ‌1.8E‌-2‌ ‌mol‌ ‌N‌ ‌eq.‌ ‌per‌ ‌kg‌ ‌CSPG.‌ ‌The‌ ‌MEP‌‌                                       

impact‌‌category,‌‌the‌‌overall‌‌result‌‌is‌‌3.5E‌-3‌ ‌‌kg‌‌N‌‌eq.‌‌per‌‌kg‌‌CSPG.‌‌Disease‌‌Incidence‌‌per‌‌kg‌‌                                 

CSPG‌‌was‌‌calculated‌‌to‌‌be‌‌7.9E‌-5‌ ‌disease‌‌incidence‌‌eq.‌‌per‌‌kg‌‌CSPG.‌‌Water‌‌Use‌‌per‌‌kg‌‌of‌‌the‌‌                                   

functional‌ ‌unit‌ ‌was‌ ‌identified‌ ‌to‌ ‌be‌ ‌3.2‌ ‌kg‌‌water‌‌per‌‌kg‌‌CSPG.‌‌This‌‌takes‌‌into‌‌account‌‌the‌‌                                 

direct‌ ‌water‌ ‌consumed‌ ‌on‌ ‌site‌ ‌and‌ ‌lost‌ ‌through‌ ‌evaporation,‌ ‌mainly‌ ‌driven‌ ‌by‌ ‌the‌‌water‌‌                           

requirements‌ ‌of‌ ‌the‌ ‌concentrator,‌ ‌and‌ ‌the‌ ‌regionalized‌ ‌water‌ ‌scarcity‌ ‌impact.‌‌ ‌  

For‌‌the‌‌micronized‌‌graphite‌‌products,‌‌the‌‌results‌‌for‌‌the‌‌other‌‌impact‌‌categories‌‌follow‌‌an‌‌                           

identical‌‌trend‌‌as‌‌for‌‌the‌‌Global‌‌Warming‌‌Potential‌‌impact‌‌category,‌‌as‌‌the‌‌same‌‌input‌‌and‌‌                             

output‌ ‌flows‌ ‌were‌ ‌considered‌ ‌for‌ ‌all‌ ‌products‌ ‌together‌ ‌with‌ ‌the‌ ‌same‌ ‌allocation‌‌                       

methodology.‌ ‌ 

‌   

‌ 
‌ 

74‌ ‌-‌‌ ‌‌Leading‌ ‌Edge‌ ‌Materials‌ ‌Corp‌ ‌-‌ ‌Life‌ ‌Cycle‌ ‌Assessment‌ ‌-‌ ‌August‌ ‌2021‌ ‌-‌ ‌Version‌ ‌Final‌ ‌  ‌      ‌‌www.minviro.com‌‌ ‌  

http://www.minviro.com/


‌  ‌  ‌  ‌   

‌ 

10.2.‌ ‌Study‌ ‌Recommendations‌ ‌ 

The‌ ‌major‌ ‌recommendations‌ ‌for‌ ‌further‌‌work‌‌to‌‌address‌‌the‌‌limitations‌‌of‌‌this‌‌LCA‌‌study‌‌                           

are‌ ‌listed‌ ‌below.‌ ‌ 

● This‌‌LCA‌‌currently‌‌uses‌‌PEA‌‌data‌‌to‌‌assess‌‌the‌‌environmental‌‌impact‌‌of‌‌the‌‌project,‌‌                           

which‌ ‌is‌ ‌data‌ ‌generated‌ ‌with‌ ‌a‌ ‌relatively‌ ‌low‌ ‌level‌ ‌of‌ ‌definition.‌ ‌The‌ ‌LCA‌ ‌study‌‌                           

should‌‌be‌‌updated‌‌at‌‌a‌‌later‌‌date‌‌using‌‌pre-feasibility‌‌and‌‌feasibility‌‌study-level‌‌data‌‌                         

to‌ ‌provide‌ ‌more‌ ‌accurate‌ ‌LCA‌ ‌results‌ ‌associated‌ ‌with‌ ‌the‌ ‌life‌ ‌cycle‌ ‌impact‌ ‌of‌ ‌the‌‌                           

graphite‌ ‌products.‌ ‌ 

● Through‌‌personal‌‌communication,‌‌it‌‌has‌‌been‌‌assumed‌‌the‌‌off-gas‌‌data‌‌is‌‌assumed‌‌                       

to‌ ‌consist‌ ‌of‌ ‌thermal‌ ‌energy‌ ‌released‌ ‌without‌ ‌any‌ ‌harmful‌ ‌components.‌ ‌As‌ ‌the‌‌                       

project‌ ‌moves‌ ‌forward,‌ ‌and‌ ‌more‌ ‌high-resolution‌ ‌data‌ ‌is‌ ‌available,‌ ‌it‌ ‌is‌‌                     

recommended‌ ‌to‌ ‌investigate‌ ‌the‌‌composition‌‌of‌‌the‌‌off-gas‌‌stream‌‌and‌‌how‌‌it‌‌can‌‌                         

impact‌ ‌the‌ ‌future‌ ‌LCA‌ ‌results.‌ ‌ 

● The‌ ‌PEA‌ ‌study‌ ‌assumes‌ ‌the‌ ‌tailings‌ ‌are‌‌non-acid‌‌generating.‌‌If‌‌this‌‌is‌‌to‌‌change‌‌as‌‌                             

the‌ ‌study‌ ‌develops,‌ ‌this‌ ‌will‌ ‌need‌ ‌to‌ ‌be‌ ‌considered‌ ‌when‌ ‌calculating‌ ‌the‌‌                       

environmental‌ ‌impact‌ ‌of‌ ‌the‌ ‌waste‌ ‌streams.‌ ‌ 

● Proxy‌‌data‌‌from‌‌similar‌‌projects‌‌in‌‌similar‌‌locations‌‌is‌‌used‌‌for‌‌the‌‌silt‌‌content‌‌and‌‌                             

number‌ ‌of‌ ‌days‌ ‌rainfall‌ ‌is‌ ‌above‌ ‌0.25‌ ‌mm‌ ‌for‌ ‌the‌ ‌PM2.5‌ ‌calculation.‌ ‌It‌ ‌is‌‌                           

recommended‌ ‌to‌ ‌repeat‌ ‌the‌ ‌calculation‌ ‌at‌ ‌higher‌ ‌resolution‌ ‌with‌ ‌the‌ ‌correct‌‌data‌‌                       

sourced‌ ‌from‌ ‌the‌ ‌Woxna‌ ‌Graphite‌ ‌project.‌‌ ‌  

● The‌‌electricity‌‌is‌‌sourced‌‌from‌‌Vattenfall,‌‌with‌‌the‌‌characterization‌‌factor‌‌(CF)‌‌being‌‌                       

provided‌ ‌by‌ ‌their‌ ‌personal‌ ‌Environmental‌‌Product‌‌Declaration.‌‌Thus,‌‌there‌‌was‌‌no‌‌                     

division‌ ‌within‌ ‌the‌ ‌Eutrophication‌ ‌Potential‌ ‌into‌ ‌the‌ ‌three‌ ‌subcategories,‌ ‌meaning‌‌                   

the‌ ‌same‌ ‌value‌ ‌was‌ ‌assumed‌ ‌for‌ ‌the‌ ‌freshwater,‌ ‌terrestrial‌ ‌and‌ ‌marine‌‌                     

eutrophication‌‌impacts.‌‌It‌‌is‌‌recommended‌‌to‌‌repeat‌‌the‌‌LCA,‌‌using‌‌a‌‌CF‌‌calculated‌‌                         

from‌ ‌their‌ ‌LCI.‌ ‌This‌ ‌would‌‌enable‌‌a‌‌more‌‌accurate‌‌Eutrophication‌‌Potential‌‌impact‌‌                       

to‌ ‌be‌ ‌calculated.‌ ‌ 

● Argon‌ ‌consumed‌ ‌was‌ ‌calculated‌ ‌under‌ ‌the‌ ‌impression‌ ‌that‌ ‌there‌ ‌is‌‌1.78‌‌kg/m‌3‌,‌‌at‌‌                         

0℃‌ ‌and‌ ‌standard‌ ‌atmospheric‌ ‌pressure.‌ ‌Consumption‌ ‌of‌ ‌nitrogen‌ ‌was‌ ‌calculated‌‌                   

‌ 
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assuming‌ ‌there‌ ‌is‌ ‌1.25‌ ‌kg/m‌3‌,‌ ‌at‌ ‌0℃‌ ‌and‌ ‌standard‌ ‌atmospheric‌ ‌pressure.‌ ‌If‌‌these‌‌                         

reagents‌ ‌consumed‌ ‌during‌ ‌the‌ ‌upgrade‌ ‌facility‌ ‌are‌ ‌produced‌ ‌under‌ ‌different‌‌                   

conditions,‌ ‌this‌‌will‌‌need‌‌to‌‌be‌‌taken‌‌into‌‌account‌‌when‌‌future‌‌LCA‌‌model‌‌updates‌‌                           

are‌ ‌made.‌ ‌ 

● In‌ ‌this‌ ‌model,‌ ‌it‌ ‌is‌ ‌assumed‌‌that‌‌the‌‌water‌‌intake‌‌for‌‌the‌‌concentrator‌‌is‌‌extracted‌‌                             

from‌ ‌the‌ ‌local‌ ‌water‌ ‌table‌ ‌and‌ ‌is‌ ‌recycled,‌ ‌thus‌ ‌the‌ ‌only‌ ‌water‌ ‌lost‌ ‌is‌ ‌through‌‌                             

evaporation.‌ ‌It‌ ‌is‌ ‌recommended‌ ‌to‌ ‌include‌ ‌a‌ ‌more‌ ‌detailed‌ ‌water‌ ‌balance‌ ‌for‌ ‌a‌‌                         

future‌ ‌study‌ ‌so‌ ‌that‌ ‌it‌ ‌is‌‌possible‌‌to‌‌separate‌‌water‌‌use‌‌and‌‌water‌‌returned‌‌to‌‌the‌‌                               

water‌‌table‌‌in‌‌its‌‌degraded‌‌form.‌‌If‌‌water‌‌degradation‌‌did‌‌take‌‌place,‌‌the‌‌Water‌‌Use‌                             

impact‌ ‌would‌ ‌be‌ ‌higher.‌‌ ‌  

● It‌ ‌is‌ ‌recommended‌ ‌to‌ ‌update‌ ‌the‌ ‌results‌ ‌when‌ ‌there‌ ‌is‌ ‌clarity‌ ‌from‌ ‌where‌ ‌the‌‌                           

reagents‌ ‌will‌ ‌be‌ ‌sourced.‌ ‌This‌ ‌could‌ ‌alter‌ ‌the‌ ‌embodied‌ ‌impacts‌ ‌associated‌ ‌with‌‌                       

certain‌ ‌reagents,‌ ‌as‌ ‌for‌ ‌this‌ ‌study,‌ ‌database‌ ‌average‌ ‌values‌ ‌are‌ ‌assumed.‌‌                     

Additionally,‌ ‌the‌ ‌location‌ ‌of‌ ‌the‌ ‌reagents‌ ‌will‌ ‌influence‌ ‌the‌ ‌impact‌ ‌associated‌‌with‌‌                       

the‌ ‌transport‌ ‌of‌ ‌the‌ ‌reagents‌ ‌and‌ ‌will‌ ‌allow‌‌for‌‌a‌‌more‌‌accurate‌‌representation‌‌of‌‌                           

total‌‌water‌‌footprint‌‌as‌‌it‌‌will‌‌be‌‌possible‌‌to‌‌integrate‌‌regional‌‌water‌‌scarcity‌‌for‌‌the‌‌                             

reagents‌ ‌as‌ ‌well.‌ ‌ 

● It‌ ‌is‌ ‌recommended‌ ‌to‌ ‌complete‌ ‌a‌ ‌temporally‌ ‌explicit‌ ‌LCA‌ ‌for‌ ‌the‌ ‌Woxna‌ ‌Graphite‌‌                         

project‌‌to‌‌determine‌‌how‌‌the‌‌environmental‌‌impact‌‌is‌‌affected‌‌over‌‌the‌‌life‌‌of‌‌mine‌‌                           

(LOM).‌ ‌This‌ ‌will‌ ‌provide‌ ‌a‌ ‌more‌ ‌accurate‌ ‌insight‌ ‌into‌ ‌the‌ ‌overall‌ ‌environmental‌‌                       

impact‌ ‌of‌ ‌the‌ ‌project.‌ ‌ 

● If‌ ‌the‌ ‌electricity‌ ‌supplier‌ ‌is‌ ‌to‌ ‌change,‌‌it‌‌is‌‌recommended‌‌to‌‌update‌‌the‌‌LCA‌‌study,‌‌                             

using‌‌the‌‌grid‌‌mix‌‌or‌‌LCA‌‌completed‌‌for‌‌the‌‌new‌‌supplier‌‌as‌‌currently‌‌a‌‌CF‌‌is‌‌being‌‌                                 

used‌ ‌specific‌ ‌to‌ ‌Vattenfall‌ ‌only.‌‌ ‌  

● For‌ ‌the‌ ‌benchmarking‌ ‌exercise,‌ ‌public‌ ‌data‌ ‌was‌ ‌collected,‌ ‌and‌ ‌proxy‌ ‌data‌ ‌from‌‌                       

Minviro’s‌ ‌internal‌ ‌database‌ ‌was‌ ‌used‌ ‌to‌ ‌fill‌ ‌in‌ ‌data‌ ‌gaps.‌ ‌It‌ ‌is‌ ‌recommended‌ ‌to‌‌                           

repeat‌ ‌the‌ ‌benchmarking‌ ‌exercise‌ ‌using‌ ‌data‌ ‌collected‌ ‌directly‌ ‌from‌ ‌operation‌‌                   

facilities‌ ‌to‌ ‌minimize‌ ‌the‌ ‌uncertainty‌ ‌when‌ ‌comparing‌ ‌between‌ ‌LEM‌ ‌projects‌ ‌and‌‌                     

the‌ ‌operations‌ ‌in‌ ‌China.‌‌ ‌  

● The‌ ‌infrastructure‌ ‌and‌ ‌equipment‌ ‌utilized‌ ‌within‌ ‌the‌ ‌upgrade‌ ‌plant‌ ‌has‌ ‌not‌ ‌been‌‌                       

taken‌‌into‌‌account‌‌in‌‌this‌‌LCA.‌‌On‌‌average,‌‌over‌‌a‌‌LOM‌‌of‌‌10‌‌years,‌‌0.05-0.5‌‌kg‌‌CO‌2‌ ‌                                 
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eq.‌ ‌is‌ ‌consumed‌ ‌for‌ ‌the‌ ‌production‌ ‌and‌ ‌utilization‌ ‌of‌ ‌the‌ ‌equipment.‌ ‌For‌ ‌future‌‌                         

LCA’s,‌ ‌this‌ ‌should‌ ‌be‌ ‌considered.‌ ‌ 

● The‌ ‌benchmark‌ ‌routes‌ ‌are‌ ‌operators;‌ ‌thus‌ ‌the‌ ‌Monte‌ ‌Carlo‌ ‌simulation‌ ‌has‌ ‌a‌ ‌low‌‌                         

uncertainty‌ ‌of‌ ‌10%‌ ‌associated‌ ‌with‌ ‌the‌ ‌model‌ ‌inputs.‌ ‌It‌ ‌should‌ ‌be‌ ‌noted‌ ‌that‌ ‌the‌‌                           

structural‌ ‌uncertainty‌ ‌associated‌ ‌with‌ ‌inadequacies‌ ‌in‌ ‌the‌ ‌LCA‌ ‌modelling‌ ‌process‌‌                   

have‌ ‌not‌ ‌been‌ ‌accounted‌ ‌for,‌ ‌and‌ ‌it‌ ‌is‌ ‌recommended‌ ‌to‌ ‌include‌ ‌this‌ ‌in‌ ‌future‌‌                           

comparative‌ ‌LCA‌ ‌work.‌‌ ‌  

● A‌ ‌mass‌ ‌and‌ ‌energy‌ ‌balance‌ ‌were‌ ‌not‌ ‌yet‌ ‌created‌ ‌for‌‌the‌‌project‌‌at‌‌this‌‌stage.‌‌It‌‌is‌‌                                 

recommended‌ ‌to‌ ‌repeat‌ ‌the‌ ‌LCA‌‌once‌‌a‌‌mass‌‌and‌‌energy‌‌balance‌‌is‌‌completed‌‌to‌‌                           

increase‌‌the‌‌accuracy‌‌of‌‌the‌‌LCA,‌‌confirming‌‌all‌‌emissions‌‌to‌‌air,‌‌land‌‌and‌‌water‌‌are‌‌                             

included‌ ‌within‌ ‌the‌ ‌LCA.‌‌ ‌  
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Appendix‌ ‌A‌ ‌-‌ ‌Life‌ ‌Cycle‌ ‌Inventory‌ ‌for‌ ‌CSPG‌ ‌and‌ ‌Micronized‌‌ 

Graphite‌ ‌Products‌ ‌ 

The‌ ‌data‌ ‌quality‌ ‌and‌ ‌availability‌ ‌was‌ ‌generally‌ ‌high‌ ‌for‌ ‌this‌ ‌study.‌ ‌Regionally‌‌specific‌‌and‌‌                           

technologically‌ ‌representative‌ ‌data‌ ‌was‌ ‌obtained‌ ‌for‌ ‌the‌ ‌primary‌ ‌contributors‌ ‌to‌ ‌the‌‌                     

different‌ ‌impact‌ ‌categories.‌‌ ‌  

Table‌ ‌12:‌ ‌The‌ ‌Full‌ ‌Life‌ ‌Cycle‌ ‌Inventory‌ ‌for‌ ‌the‌ ‌Production‌ ‌of‌ ‌Coated‌ ‌Spheronized‌ ‌Purified‌ ‌Graphite‌ ‌and‌ ‌Micronized‌ ‌Graphite.‌ ‌ 

‌ 
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Energy‌ ‌and‌ ‌Material‌ ‌Inputs‌ ‌  Flow‌ ‌Type‌ ‌  Value‌ ‌  Unit‌ ‌ 
Reference‌‌ 

Unit‌ ‌ 

Area‌ ‌100‌ ‌-‌ ‌Mining‌ ‌ 

Diesel‌ ‌  Input‌ ‌  107,309‌ ‌  L‌ ‌  per‌ ‌annum‌ 

ANFO‌ ‌  Input‌ ‌  167‌ ‌  tonnes‌ ‌  per‌ ‌annum‌ 

Area‌ ‌200‌ ‌-‌ ‌Concentrator‌ ‌ 

Plant‌ ‌throughput‌ ‌  Input‌ ‌  14,523‌ ‌  tonnes‌ ‌  per‌ ‌annum‌ 

Concentrate‌ ‌Production‌ ‌  Output‌ ‌  15,692‌ ‌  tonnes‌ ‌  per‌ ‌annum‌ 

Liners‌ ‌-‌ ‌1‌ ‌m‌3‌ ‌‌Regrind‌ ‌Mill‌ ‌  Input‌ ‌  9‌ ‌  set‌ ‌  per‌ ‌annum‌ 

Liners‌ ‌-‌ ‌3‌ ‌m‌3‌‌ ‌Regrind‌ ‌Mill‌ ‌  Input‌ ‌  1‌ ‌  set‌ ‌  per‌ ‌annum‌ 

Media‌ ‌-‌ ‌1‌ ‌m‌3‌‌ ‌Regrind‌ ‌  Input‌ ‌  13.5‌ ‌  tonnes‌ ‌  per‌ ‌annum‌ 

Media‌ ‌-‌ ‌3‌ ‌m‌3‌‌ ‌Regrind‌ ‌  Input‌ ‌  4.5‌ ‌  tonnes‌ ‌  per‌ ‌annum‌ 

Rod‌ ‌Mill‌ ‌  Input‌ ‌  32‌ ‌  tonnes‌ ‌  per‌ ‌annum‌ 

Diesel‌ ‌  Input‌ ‌  32‌ ‌  tonnes‌ ‌  per‌ ‌annum‌ 

Flocculant‌ ‌  Input‌ ‌  0.2‌ ‌  tonnes‌ ‌  per‌ ‌annum‌ 

MIBC‌ ‌  Input‌ ‌  32‌ ‌  tonnes‌ ‌  per‌ ‌annum‌ 

Electricity‌  Input‌ ‌  27,509,923‌  kWh‌ ‌  per‌ ‌annum‌ 

Water‌ ‌  Input‌ ‌  760‌ ‌  kg‌ ‌  per‌ ‌hour‌ ‌ 

Area‌ ‌300‌ ‌-‌ ‌Upgrade‌ ‌Plant‌ ‌ 

Spherical‌ ‌Graphite‌ ‌Produced‌ ‌  Output‌ ‌  6,519‌ ‌  tonnes‌ ‌  per‌ ‌annum‌ 

Micronized‌ ‌Graphite‌ ‌Produced‌ ‌  Output‌ ‌  8,631‌ ‌  tonnes‌ ‌  per‌ ‌annum‌ 

Argon‌ ‌  Input‌ ‌  2,049,840‌ ‌  sm3‌ ‌  per‌ ‌annum‌ 

Solvent‌ ‌  Input‌ ‌  510,000‌ ‌  kg‌ ‌  per‌ ‌annum‌ 

Nitrogen‌ ‌  Input‌ ‌  3,750,000‌ ‌  sm‌3‌ ‌  per‌ ‌annum‌ 

Pitch‌ ‌  Input‌ ‌  445,709‌ ‌  kg‌ ‌  per‌ ‌annum‌ 

http://www.minviro.com/
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Total‌ ‌Electricity‌ ‌  Input‌ ‌  83,847,686‌  kWh‌ ‌  per‌ ‌annum‌ 

Furnace‌ ‌off-gas‌ ‌  Output‌ ‌  8,700,000‌ ‌  sm‌3‌ ‌  per‌ ‌annum‌ 

Cooling‌ ‌Water‌ ‌  Input‌ ‌  3,521,520‌ ‌  tonnes‌ ‌  per‌ ‌annum‌ 

Area‌ ‌400‌ ‌-‌ ‌Product‌ ‌Handling‌ ‌/‌ ‌Transport‌ ‌ 

Concentrate‌ ‌Transport‌ ‌  ‌  454,500‌ ‌  km‌ ‌*‌ ‌tonne‌  per‌ ‌annum‌ 

Product‌ ‌Bulk‌ ‌Bags‌ ‌  ‌  15,150‌ ‌  bags‌ ‌  per‌ ‌annum‌ 

Product‌ ‌Pallets‌ ‌  ‌  15,150‌ ‌  pallets‌ ‌  per‌ ‌annum‌ 

Area‌ ‌500‌ ‌-‌ ‌Waste‌ ‌Management‌ ‌/‌ ‌Tailings‌ ‌Facility‌ ‌ 

Solids‌ ‌  Output‌ ‌  142,791‌ ‌  tonnes‌ ‌  per‌ ‌annum‌ 

Water‌ ‌  Output‌ ‌  511,564‌ ‌  tonnes‌ ‌  per‌ ‌annum‌ 
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BS 12 61 Reference 16 ED Reference 16 is not readable without a
subscription to a platform
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This has been
corrected.
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Please provide references
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studies.
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BS 14 65 8 TE The Chinese benchmark routes are not
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the above comment by LS).

Make clearer what you are
actually modelling with
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out to compare
the impact of
producing CSPG
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products.
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rather low. What is it based on? More
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study the
structural
uncertainty has
not been
accounted for
and is

3



of the process itself. Which is not
necessarily a problem, but the report
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benchmark Chinese route is modelled
(see above comment) hence structural
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dirtier energy used. For the latter it is
relevant that the standard ecoinvent
Chinese electricity mix assumes a
‘dirtier’ mix than is probably true. And

Add a comment on the
fact that the Chinese
benchmark route could
perform better if it was
also based on
hydropower. Or better,
switch the Chinese mix for

A small
paragraph has
been added
addressing
China’s
decarbonising
strategies and
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on top of that, the Chinese grid is
decarbonising. I don’t know what exact
Chinese mix you used here, but there
should be some comment that if the
Chinese benchmark route were to use
hydropower instead of an average mix,
the difference would be less dramatic.
(see e.g. Henriksson, P.J.G., Zhang, W. &
Guinée, J.B. Updated unit process data for
coal-based energy in China including
parameters for overall dispersions. Int J Life
Cycle Assess 20, 185–195 (2015) )

Chinese hydro and see
what happens.

the reduction in
impact if
hydropower was
utilized.
Additionally, a
comment was
added to reason
why the dirtier
mix was used -
due to the
majority of
natural and
synthetic
graphite being
produced is from
Inner Mongolia
where the
electricity is
sourced from
combusting coal.

BS 17 67 8.1 ED The word ‘confirm’ is too strong (in ‘the
monte carlo simulations confirm that’)
considering the rather large
uncertainties (see above comments).

Use ‘indicate’ rather than
confirm.

Corrected.

BS 18 69 8.2 ED ‘the natural micronized graphite
production route has a higher uncertainty
of 45%’. Inaccurate language, you don’t
know the actual uncertainty.

Replace ‘has’ with ‘we
assign’.

Corrected.

BS 19 71 9 GE What about finding another floatation
reagent than diesel as a suggestion?
(this might not be technically possible,
I don’t know)

Consider an additional
mitigation strategy round
the used reagents.

Diesel has a
minimal impact
overall as it is
not combusted
in this case when
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used as flotation
reagent and the
two main
reagents that
contribute to the
impact have
been addressed
within the
mitigation
strategies.

LS 20 Excel LCI H10 TE Cell states 604,196,000 kg/yr
Email correspondence tab states waste
rock is 599,172 t/a.

Check and confirm the
correct value.

Corrected.

LS 11 Excel LCI H18 TE Cell states 15,692,000 kg/yr
Email correspondence tab states waste
rock is 14,523 t/a.

Check and confirm the
correct value.

Updated to
14,523 t/a.

LS 22 Excel LCI TE The values for electricity in the LCI tab
do not match those provided in the
Email Correspondence tab.

Please provide details of
how the electricity data in
the LCI tab was
calculated.

Final power
requirements are
sourced from
email
correspondence
tab cell B112
and B116

LS 33 Excel LCI H59 TE There is a value of 445,709 in LCI H59,
there is no corresponding inventory
item in column C.

Please confirm this
inventory item.

Previous mistake
that wasn’t
removed - has
now been
removed.

LS 44 Excel Area 5 TE The “bags” and “pallets”, listed in the
LCI tab, have not been included in the
Area LCIA 5 tab.

Please indicate in the
report why these inputs
have not been accounted
for.

A comment in
LCI has been
added reasoning
why packaging
(bags and
pallets) have not
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been included.
There are not
included due to
not being
related to the
functional unit
and therefore
not relevant in
this LCA/part of
the system
boundary.

“type of comment”: the type may be referring to “general” (ge), “editorial” (ed) or “technical” (te)
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