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ABSTRACT

Theminingandmineral industry isnoteasilyassociatedwithsustainabledevelopment.Theone
isfocusedontheexploitationoftheplanet’slimitednaturalresources,whiletheotherattemptsto
promotedevelopmentthatmeetstheneedsofthepresentwithoutcompromisingtheneedsoffuture
generations.Thisarticlelooksattheindustry’sapproachtothecoresustainabilityconceptsofthe
circulareconomyandresilienceandfindsthatleadingcompaniesinthisindustryhavedrawnon
theconceptofresilienceinreportingontheirsustainabilitystrategies,butthattherehasbeenlittle
interestintheconceptofthecirculareconomy.Thearticlealsoassessesthecurrentandpotential
impactofinformationandcommunicationtechnologiesinsupportingsustainabilityobjectivesinthe
industry.Itconcludesthattechnologyinnovationwillbeakeyenablerinsupportingtheminingand
mineraldevelopmentindustrytomoreformallyaddressthechallengesofsustainabledevelopment,
andsupportatransitiontoamoresustainablefuture.

KEyWoRDS
Circular Economy, Digital Technologies, Information and Communications Technology, Minerals Industry, 
Mining, Resilience, Sustainable Development

INTRoDUCTIoN

Inmanyways,theminingandmineralindustryappearstobetheantithesisofsustainabledevelopment.
Ontheonehand,Carvalho(2017),forexample,suggestedthat“miningindustriesprovidemostof
thematerialswerelyontobuildinfrastructuresandinstrumentsofdailyuse,toobtainlargeamounts
ofenergy,andtosupplyagriculturewithfertilizersthatenablemostoffoodsproduced.Atthesame
time,miningisthehumanactivitythathasbeenmoredisturbingtoenvironmentandislinkedto
largesocialimpactsandinequalities.”Moretellingly,Segura-SalazarandTavares(2018)suggested
that“whencomparedtootherresourceindustriessuchasforestry,aquacultureandagriculture,the
mining industry isperceivedasoneof the least committed to sustainabledevelopment.”On the
otherhand,sustainabledevelopmentistypicallydefinedasdevelopment“thatmeetstheneedsof
thepresentwithoutcompromisingtheabilityoffuturegenerationstomeettheirownneeds”(World
CommissiononEnvironmentandDevelopment,1987).Morespecificallysomecommentators,have
arguedforanapproachtosustainabledevelopmentwhich“subordinateseconomiestothenatural
environmentandsociety,acknowledgingecologicallimitstogrowth”(Roper,2012).Here,“prioritizing
thepreservationofnatureispre-eminent”(Hudson,2005).However, thereisgrowinginterest in
therelationshipbetweenmineralsandminingandsustainabilityandinseeking“aconsensusonthe
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implicationsofsustainabilityinthemineralsindustry”(Segura-Salazar&Tavares,2018).Inarecent
studyofCorporateSocialResponsibility(CSR)practicesinthePortugueseminingindustry,Gaspar
AlvesandMendesRodrigues(2017),forexample,noted“resultssuggestthatCSRpracticesarenot
integratedinthemanagementcontrolsystem,arenotpartofalong-termenvironmentstrategy,and
onlyreflectcompliancewithPortugueselegislation.”Further,Endl(2017)hasobservedthat“the
achievementofsustainabledevelopment(SD)inthesupplyofmineralsposessignificantchallenges
forgovernmentsandpublicadministrationsonalllevels.”

Aroundtheturnofthemillennium,theexecutivereportontheMining,MineralsandSustainable
Development(MMSD)Project,initiatedbynineoftheworld’sleadingminingcompanies,examined
“theroleofthemineralssectorincontributingtosustainabledevelopment,andhowthatcontribution
couldbeincreased”(InternationalInstituteforEnvironmentandDevelopment,2002).Inprescribing
an“AgendaforChange”,theInternationalInstituteforEnvironmentandDevelopment(2002)setout
variousactionsforimprovingthemineralsector’scontributiontosustainabledevelopment.Adecade
later,Buxton(2012a)suggestedthat“understandingofsustainabledevelopmentintheminingand
mineralssectorhasmarkedlyimprovedandthereisincreasedsophisticationintalkingabouthow
miningshouldmaximiseitscontributiontosustainabledevelopment”.However,Buxton(2012b)
alsosuggested“thethinkingandlanguageofsustainabledevelopmentlooksalittledifferent”than
whentheoriginalreportwaspublished,thatthereis“arenewedfocusonrenewables,resilienceand
recycling”andthat“resourceefficiencyandclosedloopthinkingcouldbecomebusinessimperatives
inthefaceofincreasingpressureonresources”(Buxton,2012a).Atthesametime,Dubinski(2013)
suggestedthat“thesustainabledevelopmentofminingmineralresourcesisamajorchallengefor
today’sglobalworld,addressedtominingcompanies,peopleofscienceassociatedwithminingand
manyotherinstitutionsandorganisations.”Withthesethoughtsinmind,theobjectivesofthispaper
arethreefold.Namely,toreviewtheminingandmineralindustries’approachestotheconceptsof
thecirculareconomyandresilience,toassessthecurrentandpotentialimpactofinformationand
communicationtechnologiesinsupportingsustainabledevelopmentwithintheseindustriesandto
addresssomeofthechallengestheindustriesfaceinlookingtoadoptcirculareconomyandresilience
thinking.

SUSTAINABLE DEVELoPMENT CoNCEPTS

ThemodernconceptofsustainabledevelopmentisderivedfromthelandmarkreportbytheWorld
CommissiononEnvironmentandDevelopment(1987),andinthelastthreedecadesithasbecome
anaspirationalprincipletoguidethemeetingofhumanneeds,whilstalsoensuringtheavailabilityof
naturalresourcesforfuturegenerations.However,theconceptofsustainability,definedbyDiesendorf
(2000)as“thegoalorendpointofaprocesscalledsustainabledevelopment”,isnotnew.DuPisani
(2006),forexample,demonstrated“howtheideaofsustainabilityevolvedthroughthecenturiesas
acountertonotionsofprogress”andconcluded“fearsthatpresentandfuturegenerationsmightnot
beabletomaintaintheirlivingstandardsstimulatedamodeofthinkingthatwouldinformdiscourses
whichpreparedthewayfortheemergenceandglobaladoptionofsustainabledevelopment.”The
conceptre-appearedintheenvironmentalliteratureinthe1970s,andsincethenthetermsustainability
has become increasingly seen as offering potential solutions to a wide range of challenges and
problems,fromtheglobaltothelocalscale,acrossseeminglyalmostallwalksoflife.

However,MensahandCasadevall(2019)arguedthat“sustainabledevelopmentstandstheriskof
becomingaclichélikeappropriatetechnology–afashionableandrhetoricphrase–towhicheveryone
payshomagebutnobodyseemstodefinewithprecisionandexactitude.”Giventheseambiguities,
somesustainabilitydiscourseshavefocussedondrillingdowntoanumberofconcepts-including
thecirculareconomy,resilience,naturalcapital,sustainableconsumption,corporatesustainability
andsustainableinvestment-inanattempttoexploredifferentelementsinthetransitiontoamore
sustainablefuture.Thispaperaddressestwooftheseconcepts,namelythecirculareconomyand
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resilience,whichcanbeseenasbeingwithinthewiderandmoreallembracingconceptofsustainable
development.

Theconceptofthecirculareconomyisgainingincreasingmomentuminpoliticalandcorporate
thinkingaboutthetransitiontoamoresustainablefuture.Gonzalezetal.(2019),forexample,claimed
thatthefactthatthecirculareconomyconcepthasgainedincreasingattentioninmanypartsofthe
worldasatoolforoptimisingresourceusage“isdueinlargeparttotheawarenessofresourcescarcity
and economic activities’ negative impacts on the environment.” However, Hartley et al. (2020)
suggested“thereare relatively fewacademic studiesonpolicies thatmayaccelerate a transition
towardsacirculareconomy”,andMorseletto(2020)suggestedthattodate“nostudyhasinvestigated
circulareconomytargetsinasystematicway.”WhileMurrayetal.(2015)suggestedthattheterm
circulareconomyhas“beenlinkedwitharangeofmeaningsandassociationsbydifferentauthors”,
theyarguedthatinitsmostbasicform“acirculareconomycanbelooselydefinedasonewhich
balanceseconomicdevelopmentwithenvironmentalandresourceprotection.”TheEllenMcArthur
Foundation,establishedin2010withtheaimofacceleratingthetransitiontoacirculareconomy,
arguedthat“acirculareconomyisrestorativeandregenerativebydesign,andaimstokeepproducts,
components,andmaterialsattheirhighestutilityandvalueatalltimes”(EllenMcArthurFoundation,
2017).Assuch,theconceptofthecirculareconomyisoftencontrastedwiththetraditional“linear
economy”whichturnsrawmaterialsintowasteintheproductionprocessandwhichisseentolead
toenvironmentalpollutionandtheremovalofnaturalcapitalfromtheenvironment.

Korhonenetal.(2018)suggestedthattheconceptofthecirculareconomyhad“almostexclusively
been developed and led by practitioners”, including policy makers and businesses and that the
“scientificresearchcontentofcirculareconomyremainslargelyunexplored.”Thisledtheauthors
toproposeanewdefinition,namely:“Circulareconomyisaneconomyconstructedfromsocietal
production-consumptionsystemsthatmaximisestheserviceproducedfromthelinearnature-society-
naturematerialandenergythroughputflow.Thisisdonebyusingcyclicalmaterialflows,renewable
energyresourcesandcascading-typeenergyflows.Successfulcirculareconomycontributestoall
threedimensionsofsustainabledevelopment.Circulareconomylimitsthethroughputflowtoalevel
thatnature toleratesandutilisesecosystemcycles ineconomiccyclesbyrespectingtheirnatural
reproductionrates.”Inpractice,circulareconomiesarepopularlyseentobebuiltaroundarange
ofactivities,whichlooktoreducethedemandforrawmaterialinputsandnaturalresources,andto
recover,recycleandre-usethoseinputsandresourcesasanintegralpartoftheproductionprocess.
Assuch,theconceptofthecirculareconomyisrestorativeandregenerativeandiscontrasted,by
its proponents, with the traditional linear economy, which turns raw materials into waste in the
productionprocess,andwhichisseentoleadtoenvironmentalpollutionandtheremovalofnatural
capitalfromtheenvironment.

Essentiallytheconceptofthecirculareconomyembracesallstagesoftheproductlifecycle
fromproductdesignandproduction, throughmarketingandconsumption towastemanagement,
recyclingandre-use.Consumershaveavital role toplay if there is tobea transition toamore
circulareconomy,notleastinthattheyneedtobepreparedtoembracewhattheymayseeasradical
newbuyingbehavioursandconsumptionpractices.Withinacirculareconomy,wastemanagement
isnolongerseenasaproblem,butratherasanopportunitytoreturnasmuchwasteaspossibleback
intoproductiveuse.Thefocusisontheprevention,reuseandrecyclingofwastematerialsrather
thantheirdisposalbylandfill.Wherewastecannotbeprevented,reusedorrecycledthenrecovering
itsenergycontentisseentobepreferabletolandfillandwastetoenergysolutionsarealsoseento
beintegraltothecirculareconomy.Avarietyofpotentialenvironmentalgains,energygenerating
opportunitiesandbusinessbenefitsareclaimedforatransitiontoacirculareconomy.Thesebenefits
includesubstantiallyreducedcarbondioxideemissions,greateruseofrenewablesourcesofenergy,
reducedpollutionlevels,theproductionofenergyfromwastematerialsandincreasedgrowthand
profitability.Withinthegreeneconomy,productsandmarketsgrowascompaniespursuemarket
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opportunities in the production and promotion of environmentally sensitive goods and services
(Baziana&Tzimitra-Kalogianni,2016).

Resilienceisanincreasinglycommonelementinsustainabilityandsustainablegrowthnarratives.
Ineverydaylanguage,resilienceisseenastheabilitytowithstandortobouncebackfromadversity
anddisruption.However, in theprofessionalandacademicworld,anumberofmeaningscanbe
identified,andwhileSharifiandYamagata(2014)suggestedthat“despitetheabundanceofresearch
onresiliencethereisstillnosingle,universallyaccepteddefinitionforit”,FabryandZeghui(2019)
argued“therearecompetingdefinitionsofresilience.”Certainly,anumberoforiginsandmeanings
areclaimedfor resilience.HasslerandKohler (2014), forexample,claimed that“resilienceasa
designprinciple,wasanimplicitpartofconstructionknowledgebeforethenineteenthcentury”and
SharifiandYamagata(2014)suggestedthat“theconceptofresiliencehastraditionallybeenused
inphysicsandpsychology.”Davoudietal.(2012)acknowledgedthat“resiliencewasfirstusedby
physicalscientists”andarguedthat,inthe1960s,“resilienceenteredthefieldofecology.”MacKinnon
andDerickson(2013)suggestedthat“theconceptofresiliencehasmigratedfromthenaturaland
physicalsciencestothesocialsciencesandpublicpolicy,astheidentificationofglobalthreatssuch
aseconomiccrisis,climatechangeandinternationalterrorismhasfocusedattentionontheresponsive
capacitiesofplacesandsocialsystems.”Adger(2000)definedsocialresilienceas“theabilityof
groupsorcommunitiestocopewithexternalstressesanddisturbancesasaresultofsocial,political
andenvironmentalchange.”Moregenerally,workacrossthedisciplinesisconcernedwiththeability
ofsystemstowithstandandrecoverfrommajordisruptions.

Thereisalsogrowingrecognitionoftheimportanceofresiliencewithinthecorporateworld.
PricewaterhouseCoopers(2017a),forexample,emphasisedtheirbelief that“enterpriseresilience
is the most important capability in business today.” Here enterprise resilience is defined as “an
organisation’scapacity toanticipateandreact tochange,notonly tosurvive,butalso toevolve”
(PricewaterhouseCoopers,2017b.)At the same time, there isgrowing interest in thecreationof
resilientbusinessstrategies.Inintroducing“resilientbusinessstrategies”,theBSR(2018)haveargued
“rather than integrate sustainability intocompany strategy,webelievecompaniesneed tocreate
resilientbusinessstrategies.”Suchstrategiesare“basedonanunderstandingthatrapidly-shifting
externalcontext–ourchangingdemographics,disruptivetechnologies,economicdislocationand
naturalresourcescarcityarenotonlysustainabilityissuesbutalsobusinessissues”(BSR,2018).More
generally,Ambler,BeagentandThurley(2017)stressedtheimportanceof“balancingeconomicand
environmentalresilience”,andassuchemphasisedthegrowingimportanceofresiliencewithinthe
corporateworld.Thenatureofrelationshipbetweentheconceptsofresilienceandsustainabilityhas
beendepictedinanumberofways.Insomecases,thetwotermshavebeenusedalmostinterchangeably,
whileWeichselgartnerandKelman(2014)suggestedthatresiliencehasbeguntoreplacesustainability
asaguidingprincipleindevelopmentplanning.PricewaterhouseCoopers(2017a)emphasisedtheir
beliefthat“enterpriseresilienceisthemostimportantcapabilityinbusinesstoday.”

RESEARCH METHoD

Theresearchmethodwasbasedonaliteraturereviewandtheauthorsbelievethisisanappropriate
approach for such an exploratory paper. As such, this article draws its empirical material from
corporatesustainabilityreportspublishedbytheleadingplayersintheminingandmineraldevelopment
industry,fromreportspublishedbyanumberofindustryandindustryrelatedorganisations,from
ICTanalystsandcommentators,andfromacademicpapers.Theresearchhasadheredtotheapproach
recommendedbySaidanietal.(2017),inthatwhiletheinclusionofpeerreviewedacademicpapers
“ensuresscientificsoundness”,corporateandindustrybodyreportscanbeseento“reflectcurrent
industrialrealityandneeds…andthereforebringmeaningfulinsights”.Theresearchmethodology
wasbasedonaninductive,qualitativeapproach,focusingonanextensivereviewofexistingacademic
literatureandindustryreports.
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Morespecifically,theauthorsconductedfourInternetsearchesin2019,usingGoogleasthesearch
engine.First,asearchwasundertakenonGoogleusingthenameofeachofthetoptwentymining
andmineraldevelopmentcompanies(Mining.com,2018)andtheterm“sustainabilityreport”was
usedasthekeywords.Themostrecentreportofthesecompanieswasthensearchedusingtheterms
“resilience”and“circulareconomy”.AsecondsetofsearcheswasthenundertakenonGoogleusing
theterms“miningandmineraldevelopmentandresilience”and“miningandmineraldevelopmentand
circulareconomy”,whichproducedanumberofindustryorganisationandindustryrelatedreports.
All thecorporateand industryreports identified in these twosearchesare in thepublicdomain,
andtheauthorstooktheconsideredviewthattheydidnotneedtocontacttheselectedcompanies
ororganisationstoobtainformalpermissionpriortoconductingtheirresearch.Third,asearchwas
undertakenonGoogleScholarusing“theminingandmineraldevelopmentindustryandresilience”
and“miningandmineraldevelopmentindustryandcirculareconomy”asthekeywordsandthis
producedanumberofacademicresearchpapers.Afourthsearchfocusedon“sustainabilitysystems
andreporting”inbothageneralcontextandwithrelationtotheminingandmineralsindustry.

In reviewing the available material, certain elements of a bibliometric review (de-Miguel-
Molina,de-Miguel-Molina,&Albors,2015)wereadopted,whichcanbeseenasamethodbroadly
used“todrawthebigpictureinaliteraturereview”(p.1).BörnerandPolley(2014)notethatthis
processstartswiththeformulationofbasicquestionstobeansweredintheliteraturereview.Inthis
instance,thesequestionsencompassedtheapproachandattitudeoftheminingandmineralsindustry
tosustainability;werethereanyparticularreferencestothecirculareconomyorresilienceissuesin
thecompanyreports?Werethereanymodelsofthecirculareconomyandresilienceintheacademic
literaturethatcouldbeappliedtotheminingandmineralsindustry?Howwastheindustryusing

Figure 1. Research method and research questions
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technologytosupportsustainabilityreporting?Werethenewdigitaltechnologiesofrelevancein
progressingsustainabilityissues?Theresearchattemptstosynthesizeareasofconceptualknowledge
andunderstanding,andofoperationalpractice, thatcancontribute toaddressing thesequestions
(Mulrow,1994;Kitchenham,2004).Thisprovidesthebasisforasummaryoftheexistingevidence
concerningthefieldofresearchandidentifiesdebatesinthecurrent literaturethatmaypromote
thedevelopmentofnewlinesofenquiry(Figure1).Thisinitialanalysisproducedarefinementand
repositioningofresearchaimstoaddressthefollowingquestions:

1. Howistheminingandmineralsindustryaddressingthecirculareconomy
2. Whatistheapproachoftheseindustriestotheconceptofresilience?
3. Howistechnologybeingdeployedinsupportofsustainabilityobjectives?

FINDINGS AND ANALySIS

The Circular Economy Within the Mining and Mineral Industry
Inposingthequestion“canminingsurviveinthecirculareconomy”,ResourcefulPathways(2017)
claimed“thecirculareconomycanbeanopportunityfortheminingindustrytoadapt”andtodevelop
“amorestablebusinessmodelthantheboomandbustswingsofmining”.However,whileKinnunen
andKaksonen(2020)claimedthat“theminingindustryisawareofcirculareconomythinkingand
alsowillingtotransformtowardsacirculareconomy”,onlyoneofthetoptwentyminingcompanies,
namelyGlencore,reportedonitsengagementwiththecirculareconomyaspartofthesustainability
reportingprocess,andherethefocuswasonworkingwithindustryassociationstoidentifywaysin
whichthecompany’sminingactivitiescouldcontributetothecirculareconomy.Morespecifically,
thecompanyreported“investigatingthepotentialofleasingvanadiuminbatterystoragesolutions,
extractingandreusingthevanadiumattheendoftheendoftheleaseterm”.

Lebre,CorderandGolev(2017)exploredtheroleoftheminingindustryandsuggestedthat
“minescanmakesignificantprogressiftheyapplythecirculareconomyprinciplesattheminesite
level”.Morespecifically,theirempiricalobservationsattheMountMorganmineinQueensland,
Australiarevealthattheproactiveandpreventativemanagementofminingwastegeneratesarange
ofenvironmentalandeconomicbenefitsandillustrateshowtheconceptofthecirculareconomy
canbeappliedinapracticalmannertominingoperations.Zhaoetal.(2012)ambitiouslyclaimed
that developing a circular economy approach within the mining industry within China has a
significantimpactonsolvingmineralresourceshortageproblemsandinreducingwastegeneration
andenvironmentalpollutionandincontributingto“thesustainabledevelopmentofnationalsocial
economy”.PomykalaandTora(2017)examinedthechallengesandopportunitiesassociatedwith
thedevelopmentofacirculareconomymodelintheminingindustrywithinPolandandpresenteda
numberofexamplesofgoodpracticeinwastemanagementwithintheTauronSAandZGHBoleslaw
SAcompaniesinPoland.

In setting the context for its report on “Mining and Metals in the Circular Economy”, the
InternationalCouncilonMiningandMetals(2016)suggested“populationgrowthandtheimpacts
of increased production and consumption, particularly climate change, have become the central
driversforcreatingmorecirculareconomy.”Inexploringhowtheminingandmineralindustrycan
contribute to thedevelopmentofamorecirculareconomy, the InternationalCouncilonMining
andMetals(2016)claimed“inmanysensesmineralsandmetalsareidealtechnicalnutrientsfor
thecirculareconomy.”Hereanumberofactivitieswereidentifiedincontributingtoatransitionto
amorecirculareconomyincludingminingoperations;smeltingandrefining;products;lowcarbon
energy;andrecycling.Infocusingonthefirstoftheseactivities,thereportsuggestedthat“therearea
varietyofcircularityaspectsthatcanbepursuedwithinminingoperations”(InternationalCouncilon
MiningandMetals,2016)andreportedthatanumberofguidanceprogrammeshadbeendeveloped
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withinvariouscountriestoenhancestandardsandtosharebestpracticeacrossarangeofoperation
andimpacts.Further,itisalsoarguedthat“circularityisalsoenhancedatthesmeltingandrefining
stagebyincreasingtherecoveryofco-products”(InternationalCouncilonMiningandMetals,2016)
andexamplesareprovidedofhowcopperandnickelproducersrecoverarangeofothermetals.

In its “Scoping Paper” - entitled “Mining and Metals in a Sustainable World” - the World
EconomicForum(2015)claimedthat“customersandsuppliersexpectminingandmineralcompanies
toalignwiththecirculareconomy”.Theysuggestedthat“downstreamplayersfindthatclosingthe
looponthesupplychainthroughimprovedproductdesign,extendedassetlife,reuseandrecycling
candelivertangiblecommercialandenvironmentalgains.”Nevertheless,itwasarguedthatmining
andmineralcompanieswillneedtoaddressthreesetsof issuesif theyaretooperateeffectively
withinthecirculareconomy.First,companieswillhavetodevelopaworkforcewithasuitableset
ofskillsandcapabilities;second,theywillneedtobemoreinvolvedinscrapmarketsandthird,
theywillneedtofocusonconsumerandcustomerrelationships.Inidentifyingthenecessaryskills
toachievethis,theWorldEconomicForum(2015)stressedtheneedtobuildandmanageeffective
relationshipswithsuppliers,customersandconsumersacrossthevaluechaininthatthis“servesto
driveproductinnovationandidentifyopportunitiesforimprovedefficiency.”Atthesametime,the
WorldEconomicForum(2015)suggestedthatbydevelopingtheserelationships“miningandmineral
companiesareabletoadapttheirproductionprocessestomorecloselymeetcustomerdemandsand
deploythehigherenvironmentalandsocialstandardsthatconsumersexpect.”

Resilience Within the Mining and Mineral Industry
Seven of the leading twenty mining companies employed the concept of resilience in outlining
theirapproachtoclimatechange.Inaddressingclimatechangeasakeyelementinitsapproachto
sustainability,BHPBilliton,forexample,reportedonitscommitmentto“buildingandmanaginga
resilientportfolio”(BHPBilliton,2016).Thecompany’sapproachtoclimatechangeisbuiltaround
looking to reduce greenhouse gas emissions, taking measures to adapt to the impact of climate
change andworking in partnership withgovernments, industry and the academic community to
enhancetheglobalresponsetoclimatechange.Thecompanyemphasiseditsbelief that industry
hasavitalroletoplayinworkinginpartnershipwithgovernments,investors,peercompaniesand
non-governmentalorganisations,forexample,indevelopingalong-termpolicyframeworktodeliver
ameasuredtransitiontoalowercarboneconomy.Further,thecompanyarguedthatsuchapolicy
frameworkshouldincludeapriceoncarbon,supportforthedevelopmentoflowemissionstechnology
andmeasurestobuildresilience.

Inemphasisingitsbeliefthat“ourmineralsandmetalshavearoleinalowcarbonfuture”,Rio
Tinto(2018)reportedthatitwas“aimingforasubstantialdecarbonisationby2050andaretaking
stepstomanageenergyuse,managerisk,buildresiliencetoclimatechangeanddevelopourrolein
alowcarbonfuture.”AngloAmerican(2018)reportedthat“buildinginternalagilityandensuring
resiliencetoclimatechange”wasoneofthecompany’sfiveprinciplesinthecompany’sapproach
toclimatechange.Morespecifically,AngloAmerican(2018)reportedthatthekeyelementsinits
“approachtoclimateresilience”were“buildingclimatechangescenariosusingthebestavailable
science,usingouroperatingmodelstoidentifyvulnerabilityandexposure”and“integratingcritical
controlsintooperationalriskmanagement.”Inaddressing“climatechange”,Glencore(2018)outlined
thecompany’s“portfolioresilience”toanumberofclimatescenarios,whileinacknowledgingthat
“climatechangeisaglobalchallenge.”FortesqueMetalGroup(2017)reported“weareworkingto
ensuretheresilienceofouroperations,companyassets,employeesandthecommunitiesinwhich
weoperate.”

Inits2017“SustainabilityReport”,Teck(2018)drewattentiontothecompany’spublicationof
a“ClimateActionandResiliencePortfolio”report.ThisreportoutlinedtheTeck(2018)“climate
actionstrategy”,whichincluded“increasingtheresilienceofouroperationsbyincorporatingclimate
scenariosintoprojectdesignandmineclosureplanning.”Morespecifically,Teck(2018)reported
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“wewillcontinuetofocusonourcost-andcarbon-competivenesstoensuretheresilienceofour
steelmakingcoalbusiness”and“wewillcontinuetotrackandrefinekeymetricsthatinfluencethe
strengthandresilienceofourassetsinalowcarbonworld.”Vale(2018)recordedthat“resilienceto
climatechange”wasoneissuesthecompanywasaddressinginprioritisingitscommitmenttothe
UnitedNationsSustainableDevelopmentGoals.

Thefocusonresiliencewasnotsolelyconfinedtoclimatechange.RioTinto,forexample,stressed
theimportanceofresilienceinpromotingmentalhealthandwellbeingamongstitsemployees.In
highlightingtheimportanceof“healthfulminds”,RioTinto(2018)stressed“theneedtobemore
proactiveandtobuildresilience”andthecompany’sgoalis“forallemployeestobeempoweredto
buildtheirownhealth,wellbeingandresilienceandforRioTintotoinfluenceandbuildaculture
fordoingthis.”Inaddressing“localcommunityengagementandsocialcommitmentcompliance”,
Glencore(2018)arguedthat“throughengagingtransparentlyandconstructivelywiththecommunities
livingaroundouroperations,weareworkingtowardsbuildingeconomicresilienceanddiversityas
wellasensuringalastingcontributionfromourpresence.”

Academicresearchershaveexaminedanumberofdimensionsofresiliencewithinthemining
andmineral development industry.Bebbingtonet al. (2015), for example, looked to explore the
relationshipsbetweenextractiveindustries,climatechangeandenvironmentalgovernance,through
thelensesofresilienceandrisk.Morespecificallytheauthorsexaminethewaysinwhichmining
governanceandgovernanceforresilienceconvergeandanalysethedifficultiesingoverningextractive
industriesinawaythatmanagesriskandbuildsresilienceviaacasestudyfromElSalvador.Wasylycia-
Lewisetal.(2014)exploredthesocial-ecologicalsystemassociatedwithlarge-scaleminingoperations
atItabira inBrazil throughthe lensofresilience.Theauthors’findingsreveal theneedfor local
governmenttohavemorepowerinitsdealingswiththeminingcorporationandforthedevelopment
ofadedicatedsustainabilityplanandforallkeystakeholderstodemonstratetheircommitmentto
co-operatingtoresolvedisturbancesevenwhentheyfalloutsidethestatutoryregulatoryapproval
process.InreflectingontheopportunitiesforminingcompaniestocontributetotheUnitedNations
SustainableDevelopmentGoalsinsub-SaharanAfrica,Yakovlevaetal.(2017)suggestedthatthe
developmentofrenewableenergyandclimatechangeresiliencecapabilitiesshouldbeamongstthe
mainpriorities.LebreandCorder(2015)arguedthat“eco-efficiencyandresilience(andtheresulting
increaseinamine’slifetime)arebothcritical—yetoverlooked—characteristicsofsustainablemining
operations”andputforwardaframeworktoassistinidentifyingopportunitiesforimprovementand
tomeasurethisimprovementintermsofitscontributiontothesustainabilityofminingoperations.

The Impact of ICTs and Digital Technologies
Digital technologies will play an increasingly important role in helping mining and mineral
developmentcompaniesembracethesustainabilityconceptsdiscussedabove.Thismaybeviewed
asanevolutionofexistingtechnologiesandtheirextensiontoencompassnewbusinessprocesses.
Thisisevidencedinnewdevelopmentsindatacapture,dataandinformationprocessing,anddata
analysisandinformationreporting(Figure2).Thesedevelopmentsaredistinctfrom,butinterfacewith,
advancesinothertechnologiesthatareimpactingtheminingandmineraldevelopmentindustry-for
example,cleanerproductiontechniques,environmentalcontroltechnologies(Rankin,2011)andfroth
floatationtechnologiesforprocessingcertainmetalsulphideores(Rajaram&Parameswaran,2005).

Infocusingondatacapture,forexample,sensor-basedtechnologiescanbedeployedwithinthe
miningandmineraldevelopmentindustry“tomonitortheexactusageonheavymachineryinorder
toincreaseassetlifecycleandutilization,ortobetterunderstandproductjourneysacrossthevalue
chain”(Thimmiah,2018).Informationsystemsdesignisalsoevolvingtoencompasssustainability
concepts.Sincetheturnofthemillennium,energyandwatermanagementsystemshavecometo
the market as specialist “niche” packages. However, as sustainability management is becoming
increasinglyviewedasamainstreambusinessfunction,itislikelythatthefunctionalityofthecore
integrated software packages used by most mining and mineral development companies will be
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extendedtoencompasssomesustainabilitymanagementoperationssuchasenergy,waste,andwater
management,andresiliencereporting.Indeed,KPMG(2012)reportedthat“varioussuppliersofERP
packagesoffernewadd-onsandtoolsforsustainabilityreporting”,andthat“weexpectthatthetrend
towardsintegratedreportingwillalsobeadrivertowardsintegratedsolutions.”Inotherwords,whilst
thereareanumberofstandalonesustainabilityreportingpackagesavailableonthemarket-see,for
example,Quentic(2019)-theywillincreasinglybecomepartofthemainstreamintegratedbusiness
softwarepackagessuchasSAPandOracle.

Thebusinessintelligencecapabilitiesofsoftwarepackagesarealsobeingdevelopedtoinclude
newtoolsandtechnologies,providinganalytical,predictiveandexplorativeinformationreporting,
oftennowtermed“analytics”,whichcanbenefittheminingandmineralsextractionindustries.The
scopeofsuchreportingisalsonowwider,encompassinginformationavailablefromtheinternet
andotherssources–theso-called“BigData”-ratherthanjustdatageneratedfromwithinanyone
company.However,thisrequiresinvestmentinthesenewtechnologies.Som(2017)notesthat“the
miningindustryissittingonavirtualgoldmineofverylargeandcomplexdatasets”,butthat“the
lackof investment inanalytical technologyprevents the industry fromunlocking its truevalue.”
Thesenewcapabilitiescanprovide informationandanalysis in supportof thecirculareconomy
andresilienceintheminingandmineralsextractionindustriesthroughprovisionofkeyindicators
relatingtosustainabilitymonitoringandcontrol.Thecapture,processingandreportingofinformation
isnowfacilitatedbylinksbasedonweb-technologies,theso-called“internetofthings”(IoT).This
meansthatitisoftennotnecessarytoradicallychangethetechnologyplatformtobenefitfromthe
technologydevelopmentsnotedabove.

Pardo(2018)notesthat“thecreation,extraction,processing,andsharingofdataenabledby
digitaltechnologiessuchassensors,connecteddevicesandonlineplatformswillleadtoasmarter
useofresources”,and“thisenablespredictivemaintenanceandextendsthelifetimeofaproduct”.
Focusingspecificallyonmining,Som(2017)concludesthat“dataanalyticscanbeusedineverystage
oftheminingprocess”andtherecanbelittledoubtthatdigitaltechnologieswillplayanincreasingly
importantroleinsupportingatransitiontothecirculareconomyandinsustainabilitymanagement
ingeneral.Chakraborti(2018)suggeststhatbigdataanalyticswill“spurthenextwaveofefficiency
gainsinoreextraction,analysis,transportation,andprocessing,byenablingfasterandbetter-informed
decisionsatalllevels”.TheminingindustrycanderiveseveralcriticalbusinessbenefitsfromBig

Figure 2. New digital technologies in support of the circular economy and resilience in the mining and minerals industry
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DataAnalytics.Theseinclude“ensuringcontinuousflowofmaterialfromoreextractionpointto
theprocessingplant;maximizingoreshauledbyoptimizingbottlenecks inproduction; reducing
non-productivetimebetweenunitoperations,suchasunscheduledmaintenance,delays,wastageand
waitingtime;”(Chakraborti,2018).

Theapplicationsofdigitaltechnologyintheminingandmineralsextractionindustries“include
buildingamorecomprehensiveunderstandingoftheresourcebase,optimizingmaterialandequipment
flow,improvinganticipationoffailures,increasingmechanizationthroughautomation,andmonitoring
performanceinrealtime”(Durrant-Whyteetal.,2015).Nevertheless,asPagoropoulos,Pigossoand
McAloone(2017)note,“theintersectionofcirculareconomyanddigitaltechnologiesisasmall,but
fastgrowingresearchareathatisstillinapreparadigmaticstage”,asitisstill“adoptingconcepts
fromotherfieldsandislackingconcretecasestudies.”

DISCUSSIoN

Anumberissuesemergefromtheaboveanalysis.First,thereissomevariationintheattentionthat
theconceptsofresilienceandthecirculareconomyhaveattractedfromanumberofthemajorplayers
withinminingandmineralindustry.Whilesevenofthetoptwentyminingcompaniesemployedthe
conceptofresiliencetohelpframetheirsustainabilityreports,onlyoneofthesecompaniesreported
ontheirengagementwiththecirculareconomyaspartoftheirsustainabilityreportingprocesses.
Thissuggeststhat,whilesometheleadingminingandmineraldevelopmentcompanieswouldseem
toprovidesomeconfirmationofBuxton’s (2012a)belief ina renewedfocusonresilience, there
islittlepubliclyavailableevidencetosupporthersuggestionthattheleadingminingandmineral
development companies will recognise the business imperative of greater engagement with the
conceptofthecirculareconomy.

Ontheonehandthiscontrastmightbeseentoreflecttheminingandmineralcompanies’belief
thatbuildingamoreresilientportfoliowillnotonlystrikeapowerfulchordwithgovernmentpolicies
onreducingcarbonemissionsandprovidenewendorsementsforthesociallicencetooperate,but
willalsogenerateimportanteconomicbenefits,andpossiblyacompetitiveedge,forthecompanies
themselves.Ontheotherhand,thereisclearlylesspublicenthusiasmforcirculareconomyapproaches
withintheminingandmineraldevelopmentindustry.Thiswouldseem,inpartatleast,toreflectthe
miningandmineralindustry’shistorywhich“overthelast50years”hasbeenfocusedon“extracting
increasinglymorevolumesbasedonabiggerisbetterparadigm”,whichwas“financiallyrewarding,
aslargerequipmentwithautomatedcontrolbroughteconomiesofscaleandlowoperatingcosts,
often in the formofhugeopenpitmines andprocessingplants” (ResourcefulPathways,2017).
FurtherResourcefulPathways(2017)arguedthat“withscalecomesmorewaterandenergyuse,
moregreenhousegasemissionsandmorewaste”and“thisheadsintheveryoppositedirectionto
thecirculareconomy.”Theradicalchanges,whichasubstantial transition toacirculareconomy
approachwouldrequire,wouldcertainlydemandanewbusinessmodel,whichinturn,couldbeseen
asamajorchallengetothefinanciallyviabilityandvitalityoftheindustry.

Atthesametime,academicresearchershavepublishedtheresultsoftheirworkonresilience
within the mining and mineral development industry and on the contribution circular economy
approachesmakestothatindustry.Whileresearchonresiliencehasembracedarangeofthemes,
includingclimatechange,socio-economicsystemsandcommunitydevelopment,researchintothe
circulareconomyhasbeenfocusedlargelyonwastemanagement.This, in turn,seemstoreflect
theminingandmineralindustry’seconomicprioritiesasoutlinedabove.Duringthelastdecade,
anumberofminingandmineraldevelopmentindustryandindustryrelatedbodieshavepublished
reports,whichessentiallyofferpossiblepolicyprogrammesandprescriptionsonhowtheconceptsof
resilienceandthecirculareconomymightbeadoptedwithintheindustry.Herethecirculareconomy
seemstohaveattractedmoreattentionthanresilienceandthismaywellreflectagrowingbeliefthat



International Journal of Circular Economy and Waste Management
Volume 1 • Issue 1 • January-June 2021

26

atsomestageinthenottoodistantfuturetheminingindustrymayneedtotakesomeoftheradical
stepsrequiredtointroduceamorecircularapproachintoitsoperatingpractices.

Second, thereare issuesconcerningmeasurement.While therehasbeengrowing interest in
measuringprogresstowardsresilience,therehasbeenlittleornogeneralagreementonasuitable
setofmeasures,notleastbecausetherearedifferentmeaningsanddefinitionsofresilience.Conzato
(2017),however,arguedthat“producersofresiliencedataandindicatorsshouldbetransparentabout
howandwhythedatawascollected,theindicatormethodologiesandwhattheyproposetomeasure,
forwhichpartofthesystemandforwhom.”Suchanapproach,Conzato(2017)suggested,“willhelp
tobuildupaglobalknowledgebaseandencouragefurtherdiscussionamongstdifferentactorsto
hopefullyreachaconvergenceonresilienceprinciples.”

Measuring circularity also presents a major challenge, but in looking to move towards a
morecirculareconomy,anumberofapproachestomeasurementhavebeendeveloped.TheEllen
McArthurFoundation,GrantaMaterialIntelligenceandLife(2015),forexample,havedevelopeda
“CircularityIndicatorsProject”whichlookstomeasure“thecircularityofproductsandbusinesses.”
Whilerecognisingthat“measuringthecircularityofaproductorservicecanbeachallengedueto
thecomplexityandvarietyofactions,activitiesandprojectsthatcouldbecalledcircular”,theUS
ChamberofCommerceFoundation(2018a)hasdevelopeda“CircularEconomyToolbox”,which
includesanumberofmetricstomeasureimpact.Theproposedcirculareconomymetricsinclude
thecarbonfootprint,estimatedcostsavingswhenleasingratherthanbuying,estimatedresourceand
emissionoffsetsandthepercentageofaproductthatcanberecycledorrepairedattheendofits
usefullife.Atthesametime,theUSChamberofCommerceFoundation(2018b)asserted“thereis
currentlynosingleacceptedframeworktoenableorganizationstoassessandreportontheirprogress
inmovingtowardscircularity”andarguedthatthelackofsucha“frameworkrepresentsoneofthe
greatestneeds,andgreatestopportunities,inthecirculareconomy.”

Third,notwithstandingtheabovenotedissuesregardingmeasurement,theincreasingimpactof
ICTsanddigitaltechnologiescanenableastep-changeinminingandmineralextractionoperations,
includingradicallyimprovedsustainabilitymanagementandreporting.TheWorldEconomicForum
(2017)estimatedthatdigitalisationoftheminingandmetalsindustriescouldbringaboutareduction
of610milliontonnesofCO2emissions,withanestimatedvaluetosocietyandenvironmentof$30
billionby2025.Aveva(2018)noted thatdigitalizationcreates“theopportunity tocentralize the
monitoringandcontrolfunctionsofallminingprocessesandoperationstoasinglephysicallocation”
and“increasestheopportunitiestoenhanceefficiency,responsivenessandprofitabilityacrossthe
miningvaluechain.”Thechallengefortheminingandmineralsindustryistoharnessthistechnology
toachievetheabove,butalsotosupportsustainabilitytargetsandaspirations.

CoNCLUSIoN

Theconceptsofresilienceandthecirculareconomyhaveattractedvaryingdegreesofattentionwithin
theminingandmineralsindustry.Whileanumberoftheleadingminingandmineraldevelopment
companieshavedrawnontheconceptofresilienceinreportingontheirsustainabilitystrategiesand
achievements,therehasbeenlittleinterestintheconceptofthecirculareconomywithintheindustry.
Althoughacademicresearchonresiliencewithintheminingandmineraldevelopmentindustryhas
embracedanumberofthemes,workpublishedonthecirculareconomyintheacademicjournals
hasbeenlargelyinconnectionwithwastemanagement.Amongstindustryorganisations,thecircular
economyhasattractedmoreattentionthanresilience,andthismaywellreflectagrowingrecognition
ofwhatmaybecomeaneed for theminingandmineraldevelopment industry tomore formally
addressthechallengesofsustainabledevelopmentandofatransitiontoamoresustainablefuture.

Lookingtothefuture,thepaperprovidesamirroragainstwhichcompanieswithinthemining
andmineralsindustrycanreviewtheirownapproachestothecirculareconomyandresilience.Ata
timewhenallsectorsoftheeconomyareundergrowingpressuretodemonstratetheirsustainability
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credentials,theminingandmineraldevelopmentcompaniesmaywellwanttocontinuetoincorporate
circulareconomyoperationsandresilienceintotheirsustainabledevelopmentstrategies,particularly
inthefaceofthepressingneedtoaddressclimatechange.Here,NelsonandSchuchard’s(2016)
pleathat“theminingindustryshouldtakeaproactiveapproachtoclimatechange”clearlyresonates.
Giventhisisessentiallyanexploratorypaper,andthecomplexchallengestheminingandmineral
industryfacesinavarietyofenvironmentsinwhichtheyoperate,andthecomplexchallengesthey
face,theauthorsdonotthinkitappropriateforthemtomakeanydetailedmanagerialandpractical
recommendations.Insummary,anincreasingemphasison,andcommitmentto,resilienceandthe
circulareconomywouldseemtoposemajorchallengesfor theminingandmineraldevelopment
industry.Intheory,theconceptofthecirculareconomy,forexample,demandsmajorreductionsin
theextractionofmineralresourcesandassuchprovidesadauntingchallengetominingandmineral
developmentcompaniesandifthemajorplayerswithinindustrylooktoaddressthecirculareconomy
thentheirinitialfocusseemslikelytobeconfinedtowastemanagement.

Iftheminingandmineralsindustryembracesresilienceandthecirculareconomymorefullyas
anintegralpartofitscommitmenttosustainabledevelopment,itisinevitablethatwhatPradipetal.
(2019)havecalled“thetransformativepotentialofintegrateddigitalplatforms”willhaveanimportant
roletoplayinenablingandsupportingsuchinitiatives,andtheirindependentassessment.Atthesame
time,academicresearchersmayalsolooktodrawupappropriateoperationalframeworkstoguide
futureworkontheconceptsofresilienceandthecirculareconomy,andtheroleofdigitaltechnologies
withintheindustry,andtointegratetheseconceptswithinwiderconceptualandtheoreticalthinking
onsustainability.Academicresearchmightlooktoinvestigatestrategicthinkingaboutthecircular
economyandresiliencewithinlargeminingandmineraldevelopmentcompanies.Suchinvestigation
mightincludespecificdetailedcasestudiesofindividualcompaniesaswellasmorecomparative
investigationsacrossthetwoindustries.Negotiatingaccesstokeydecisionmakersmayprovetobe
athornyissue,inpartbecausesustainableconsumptionisasensitiveissue,andinpartbecauseof
themoregeneralissueofcommercialconfidentiality.
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