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About the AU and AUDA -NEPAD

THE AFRICAN UNION (AU)

TheAfrican Union (AU) is a continentabody consistingof all 55 countriesonthe African continent.lt wasestablishean 26th
May 2001 in Addis Ababa, Ethiopia, and launchedon 9th July 2002 in South Africa' with the aim of replacing the
Organisatiorof African Unity (OAU). Themostimportantdecisionsof the AU aremadeby the Assemblyof the African Union,
a semiannualmeetingof the Headsof Stateand Governmenbf its memberstates.The A U 6secretariatthe African Union
Commissionis basedn Addis Ababa,Ethiopia.

The AU wasestablishedollowing the 9th of Septembef 999 SirteDeclarationof the Headsof Stateand Government®f the
Organisatiorof the African Unity (OAU). The AU is basedbnacommonvision of aunitedandstrongAfrica andontheneedto
build a partnershipbetweengovernmentandall segment®f civil society,in particular,women,youth andthe privatesector,
in orderto strengthersolidarity and cohesionamongstthe peoplesof Africa. As a continentalorganization,t focuseson the
promotion of peace security,andstability. The developmentvork of the AU is guidedby the AU Agenda2063,which is a
50-yearplanto harnes® f r i congpérativeadvantageo deliveronthevisionoffi T lAfsicaWeWa nt 0 .

THE AFRICAN UNION DEVELOPMENT AGENCY (AUDA -NEPAD)

Createdby the African Union DevelopmeniAgency (AUDA-NEPAD)is a strategidrameworkfor partAfrican sociceconomic
developmentAUDA-NEPAD is spearheadelly African leadersto addres<ritical challengedacing the continent,including
poverty,developmentand A f r i ictean@&t®nalmarginalsation. AUDA-NEPAD providesuniqueopportunitiesfor African
countriesto take full control of their developmentgendasto work more closely togetherandto cooperatemore effectively
with internationapartners.

AUDA-NEPAD is coordinatecandfacilitatedby the NEPAD PlanningandCoordinatingAgency (AUDA -NEPAD) which was
establishedn February2010asan outcomeof theintegration oNEPAD intotheAU 6 s s t andpmdesses.eTBAUDA -
NEPAD manages numberof programmesnd projectsin four investmeniportfolios, namelyNatural Resource$sovernance,
Youth and Skills DevelopmentRegionallntegration,Infrastructureand Trade,and Industrialisation Science Technologyand
Innovation.

* About the African Union https://au.int/en/overvie\
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Tributes

Prof Calestous Juma

i F awholegenerationandmaybefor future generation®f leadershe wasan exceptionateachermandthinkeraswell asone
oftheshininglightsof Africaintheintellectuak p h edDrelbrabim Mayaki, AUDA -NEPAD

i T h eviBodadthe pleasureof meetinghimd or communicatingvith him onlineandoffd will testify to his warmth,his love
of learningandhisgreaty e n e r ek E. Whyru Eenyatta, President of the Republic of Kenya

i Cal evmsabrelesschampionfor economicandsocialdevelopnentin Africa. His legacywill live onthroughthefruits
of his manyyearsof work asanimpassionedcholar fearlessadvocateand mentorto studentsaandpolicymakersaroundthe
worl d. o

fi Waavelostabrilliant mindwho wasdedicatedo innovation,educatiorandAf r i ca 6 s
prosperity. o
- H.E. Paul Kagame, President of the Republic of Rwanda

i Gi fwithemimensawit, charm,couragehumourandmodesty ararecombinationProfessodumawasatrustedadvisor

to Headsof StateandGovernmenthroughoutheworld on critical issuesaffectinghumankind oday . 0
- The Common Market for Easter n and Southern Africa (COMESA)

ProfDiran Makinde

Many peoplein Africa andaroundthe world will long remembeiProf. OladiranMartin Makindeasa championfor harnessing
Science,Technologyand Innovationfor betterlivelihoodsof the peoplesof Africa; a firm believerthat Science,Technology
andInnovationcanco-evolvewith RegulationsBut thoseof uswho lived andworkedwith him nearlyeveryday andwill long
achewith his passingknow Prof. Diran (aswe popularly called him) by many othertitles he held: Husband Father.Brother.
GrandfatherDirector,mentor,advisorandmanymore.

He wasthe sunny joyful personwho lit everymomentwith his infectioussmile whetheryou meethim in the corridors,staff
kitchen, boardroomfor meetings,but everywhereand always.He had an incredible ability to accommodateand work with

peopleirrespectiveof their differentviewpoints.He cherishedife andlife cherishechim andeveryonewho methim, everyone
whoknewhim will remembehisinvincible smileandcontagioudaugh.

A true gentlemanwith a greatsenseof life who lived up to the positive energyhe choseto bring to thosehe interactedand
interfacedwith everysingleday. His wisdomandguidancewereinstrumentalin the establishmenof ABNE andthe success
that it continuego achieveto datearethe outcomef thefirm building blockshe andothershelpedto puttogetherlOyears

We havenotyet cometo termswith the passingawayof Prof. Diran. We cannotknow for certainasto why heleft usthis soon.
But we remaincomfortedby the assurancéhatwe will meetagainoneday.We prayfor comfort, fortitude,andpeaceto all his
lovedones.
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Prof Oyewusi Ibidapo-Oye

In DecembeR016,the late ProfessoOyewusilbidapeObewasappointeda memberof the African Union High level Panelon
EmergingTechnologiegAPET) by thethenChairpersorof the African Union CommissionAUC), H.E. Dr Nkosazandlamini
Zuma.This begarnourjourneywith this eminentexpertwhowe fondly calledProf Oye.

His wit, ambienceandwelcomingspirit is afeaturehe broughtto APET thatwould not be soonforgotten.

Prof Oy edharacteristiof sacrificinghis time andenergyfor the continentwasquite authentici hedid thatwith charmand
joy andalwayshadsomethingto contributeto discussionsHe was everreadyto offer to the panelsuggestion®f continental
expertghatcancontributeknowledgeto A f r i devaldpment.

Welook backathisloving tributeto thelate ProfessoCalestougumaandthejoy with whichhespokeof continuinghislegacy
i which he adequatelyfulfilled. Today, we remembersomeonewhoselegacyhasinfluencedmany far and wide; the youth
especiallywerehisheartbeat.

Prof Oye was passionataboutsustainingA f r i indgehsusknowledgeandwe at AUDA-NEPAD pledgeto carry on with
hisideason effectivelyharnessingurindigenouknowledgean addressingontinentalchallenges.

Prof Oye! Your life wasa blessingyour memoryatreasureyou arelovedbeyondwordsandmissedbeyondmeasureTheday
we heardf your death;it waslike a dream.Deathis appointeduntousall, butwe justc o u | adcepithtatit wasyourtime. In

thefew daysto yourdeath youwereactivelywith us,soit wassohardto takethatyou would bewith usno more
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Executive  Summary

Electric poweris an essentialcomponentof modernhumanlife that affords them healthcarefransportationeducation,and

communicationsystemsElectric power also enableshumanityto provide meansto producepotablewater,food, and goods.
Africa remainschallengedwith the fastestgrowing populationin the world. Therefore,acceleratedaccessto powerthat is

affordable,sustainableand high quality is key to A f r i prtoapériyand sociceconomicdevelopmentHowever, electricity

supply remainsinaccessibleunreliable,and irregularly distributedacrossthe continent,more especiallyin the sub-Saharan
Africaregion.

In recentyears electricity derivedfrom renewableesourcesuchassolarandwind hasbecomemoreaffordablethanelectricity
derivedfrom fossikbaseduels. This timeousdevelopments expectedo play an essentialole in the realisationof accelerated
affordable electricity accessto Africans. However, modern society requiresan uninterrupted,on-demandand consistent
electricity supplyof exactvoltage(220V) andfrequency(typically 50Hz). The electricity generatedisingrenewableesources
suchaswind andsolaris typically not alignedwith the demand forelectricityby A f r i socéety.Africa needscosteffective
energybuffers that can be harnessedo mitigate the discrepancybetweenelectricity demandand supply. Such buffers are
known as energystoragesystems.Theseenergystoragesystemscan improve the supply of electricity throughrobuststorage
capacitieacrosghecontinent.

Notably, major advancefiavebeenrealisedin the developmentndproductionof Energy StorageSystemsparticularlythose
systemscontaining Li-ion batteries.Consequently major car manufacturerswvorldwide are starting to see the inevitable
and geawup to replacethe internalcombustiondrive train with inherentlymore efficient batterypoweredelectricmotors.The
batteryindustryis expectedo developinto a staggeringnultitrillion -dollar marketby 2040.With accurateglanning,Africa has
thepotentialto becomea majorbeneficiaryfrom this technologybecaus®f herendowmentvith the mineralssuitablefor next

generatiorbatteriesThis cansignificantly makeAfrica competitivewith otherglobalplayersin thebatteryindustry.

This A P E Tnéxgeneration batteriagportfocuseson the strategicframeworkthat African Union MemberStatescanenact
towardsenergystoragethroughnext generatiorbatteries It further articulatesthe two key objectivesthat Member Statescan
focusonto achievetheseobjectivesandproducemeasurablénpactsandspecificimplementatiorframeworks.

To accomplishthis, African Union Member Statesare encouragedo build crosscutting researchand developmentfor
universitiesand researchinstitutions that heavily collaborateswith the public-private sector.It canrely on A f r i abibfyd s
to generatenewideasandknowledgeandtranslatetheminto valuabletechnologiesand services.n this way, MemberStates
canbuild knowledgedriven economiedor the directsocioeconomidbenefitof Africansandall humanity.This canensurethat
MemberStategjuarante¢hecreationof adesiredfuturefor theircitizens.

Mostimportantly thisAPETreportarticulatesacontinentamodelfor aprogrammehatwasbothillustrativeanddemonstratethe
preferredmplementatiorscenaricspecificallyadoptedandadaptedor the African context. Thevaluepropositionreliesheavily
on the key competitiveadvantagesf the African continent.It is known that African countriesareendowedwith the minerals
requiredfor nextgeneratiorbatterytechnologiesBecausef this advantageAfrican countriesareencouragedo leveragethese
mineralsandimprove their beneficiationup to next generatiorbatteryrequiredstandardgo realisemore value andbenefit. It

wasalsoshownthatthe greatesinvestmentsn the valuechainshouldbe dedicatedo the processingandbeneficiationvalue
chain of minerals.This can also incorporatethe manufacturingof cells for batteriesand packagingof batteries,as this part
of thevalueremainducrative.lt hasbeenreportedthatsimply sellingunprocessedineralsdoesnot bring valueto Africansas
abenefitfrom thesematerials.
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Thus, properly beneficiatingthesematerialswill enableAfrica to bestbenefitandimprove her socioceconomicdevelopmerit
Overall, the suggestedporogrammedirectly addressedwo of the priority areasfor SDG7 and Agenda 2063 Goal 2 and
7 implementations.These include scaling up capacity building and strengtheningfor the African citizenry and can be
achievedthrough propereducationand training programmeshat aim at equippingAfricans with the right skills to properly
benefit from the next generationbattery technology. This can also be achievedthrough renewedand crosssectoral
approachesacrossall stakeholderdan Africa and internationalpartners.Furthermore,African Union Member Statesought
to develophumanandinstitutional capacitiesthat focus primarily on skills in supportof universalenergyaccessand energy
sector transformationMember Statesare encouragedo enhancennovationsystemsat national,regional,continentallevels.
This canincluderesearchdevelopmentgdeploymenanddiffusion in thedesignandoperatiorof thewholeenergysystem.

micro-grid
Prosummer

ST

Summarisedelow arethe recommendationthat APET hasidentified for African Union MemberStatesto bestbenefitfrom
thenextgeneratiorbatterytechnologiesThisis to assisfrican countrieso successfullcombaipovertywithin theircitizenry:

1. Af r i dedsi@rsnakersand policymakersare encouragedo capitaliseon the worlds desireto producenextgeneration
batteriessuchasLi-ion batterieqLiBs). Efforts by African Union MemberStatescanfocuson local mineralbeneficiation,
and local batteryassembly Member Statesare encouragedo makeinvestmentdowardslocal factoriesfor refining and
beneficiationof local naturalresources. This suggestianll not only benefitAfricans fromthe significantaddedvalue of
materialsbut alsostimulatejob creationandlocal supplychain.In turn, thiswill significantly createcountlesopportunities
for localsociceconomiayrowth.

2. African Union Member Statesare encouragedo formulate regulatoryframeworksthat will help monitor and protect
A f r i couatfesfrom foreign exploitationof mineralresourcegritical to produceNGB. Essentially theseresourcesan
be exploitedto the benefitof Africa first. Furthermoretheseregulatory frameworksanalsobe responsibldor awarding
mining rights that ensurelocal materialbeneficiationand prohibit raw materialsto be exportedwithout substantialocal
refinement.Theseregulatoryframeworkswill alsoensurethatthe local refinery is allocatedto a local batteryassembly
plant.

3. MemberStatesare encouragedo adopta modelwheregovernmentsdid to hostthe differentresearchand development,
innovation,andmanufacturinchubsacrossthe continentbasedon their availablematerialandexpertiseln this way, there
canbeacontinentalrive towardsestablishinga businesgasefor afull LiBs valuechainin Africa. In addition,investments
are encouragedby all stakeholdersowardsresearchand developmentjntellectual property patents,humanresources
developmentfacilities and equipment,and supply chain contractsin Africa. This can also include efforts towardsthe
employmenof A f r i workféree (scientistsengineersandtechnologiesvith doctoraldegreesjo improveresearchand
developmenandenableechnologicabdvancemergfficiencies.

UN-PelieyBriefsin-Supportof the First SDG7Reviewatthe UN High-Level Political Forum
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Introduction

1.1 Setting the context: Af r i @mrefp challenges

As reportedby the World EconomicForum, it A f r popwafionis projectedto doubleto about?2 billion by 2050. More
so,bytheyear2 1 0 0, Adpulationcauddeasily havedoubledagain? If thathappensat leastfour billion of thewo r | d 6 s
11 billion peoplewill beAfrican.

This dramaticincreasein populationpresentsmumerouschallengego local economiesfood supply, energydemand health
servicedelivery,educatiorsystemsandinfrastructuremaintenancén African countries.To timeouslyandsuccessfullyaddress
thesechallengesindeffectively meetthe UnitedN a t i 20308 ustainabldevelopmenGoals (SGDspswell asthe African

Un i oAgehda2063,Africa mustprioritiseandimplementsomecontinentapoliciesrelatedto critical technologies.

Figure 1: Projectedglobal populatiorgrowth by 2050

The Agenda2063,which summariesA f r i deva&lépsenaspirationovera50-yearperiod,is pioneeringfor a50%increase
accesstowardselectricity and 50% increaseof electricity generationand distribution. The agendaalso aspiresfor 70% of
Africanshavingaccesso electricity by 2023aswell as30% improvementsn energyefficiency. Additionally, affordableclean
energyis amongthe UnitedN a t i SustanabléevebpmentGoals(SDGs)thatfocuseson universalelectrification.To this
end,Africa is working towardsachievingSDG7 andAgenda2063Goal 7, within thecontextof Africa. This canbeachievedy
creating synergiebetweenPowerAfrica, Sustainablé&energyfor All, andclimatefinanceto achieveuniversalenergyaccess
before2030%4°

Achieving universal clean energy for Africa requiresconsiderationson the impacts of climate changeby incorporating
greenhousegasemissionsmitigation strategiesaccordingto the Paris Agreementaddressingclimate change.The Climate
Bondslinitiative, aninternationalinvestorfocusednotfor-profit organisationjs working towardsmobilising a US$100trillion
bondmarketfor climate changesolutions? Thisi n i t i naigsionfoeuseson driving down the costof capital for large

3 https:ivww.weforum.org/agenda/2019/067%illion-on-earthby-2050but-growthrateslowing-saysnew-un-populationreport/
4 IRENA andIEA-ETSAP(EnergyTechnologySystemsAnalysisProgram)2015a.SolarHeatingandCoolingfor ResidentiaApplications:TechnologyBrief, Abu
Dhabi:IRENA.

5 IRENA (2015),Africa 2030:Roadmagor aRenewabl&nergyFuture.IRENA, Abu Dhabi.www.irena.org/remap

¢ https:/ivww.climatebonds.net/2020/09/climatendsinitiative-andfsd-africallaunchafricagreenbondstoolkit-practicaiguide
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scaleclimate, andinfrastructuregprojectsandto supportgovernmentseekingto improvethe energysituationin their countries.
Increasectapitalmarketsinvestmenthat hasbeenputin placeto meetclimate goalsAfrica amountedo US$898million in
2019. Furthermorejt wasreportedthatA f r i ncakeétvgas dominatedoy the US$567million projectloanto RedstoneSolar
Plant.However,evenwhenaccountingfor this, the compositioninvestmentslteredconsiderablyin 2019 with the remainder
composeaf issuancdérom corporatenstitutionsandN i g e secoadjreensovereign.

1.2 Patterns of Af r i acae8s$0 electrification acrossthe continent

According to the African DevelopmentBank’, i O v &0 million Africans haveno accessto energy,correspondingo an
electricity accessatefor African countriesat just over40 percentthelowestin theworld. Percapitaconsumptiorof energyin
subSahararAfrica (excludingSouthAfrica) is 180 kWh, comparedo 13,000kWh per capitain the United Statesand 6,500
KWhinEur opeo.

A f r i accas&@cselectricity variesfrom regionto regionacrosghe continent.For instance North Africa is almostentirely (up
to 99%) electrified. Whereaswithin subSaharamfrica (SSA), excludingSouthAfrica, electrificationratesin mostcountries
remainbelow 30%, SouthAfrica is predominantlyelectrified byup to 86%. Notably, thelack of accesdo electricityin SSAis
predominantin rural areas,accountingfor 63% of S S A population® The majority of the rural populationis off-grid and
sparselydistributed® Fortunately since2014thenumberof peoplewithout accesso powerin SSAhasdeclined.Thisis because
the electrification efforts with SSA have surpassegopulationgrowth. However,thereis still more work aheadfor African
countriesto addresshe electrificationchallengesanddisparitiesobservedacrosshe continent.To this end, APET is suggesting
anincreasingole of decentralisedenewablenergysolutionsthathavebeengainingmomentunacrosshecontinentrecently.

The lack of accesdo electricity is notthe only componenbf S S A délextrificationchallenge Evenamongthe peoplewho do
have accesso electricity, there are still wide disparitiesin annualper capita consumptionbetweenthe three regions.For
instancethereis anaverageof 225kilowatt-hours(kWh) poweravailablein SSA,andwith rural areashavingaccesdo aslittle
as 100kwWh. Comparativelythereis an averageof 1,500kWh in North Africa, and4,200kwWh in SouthAfrica. Furthermore,
eventheplacesvherethegrid connectioralreadyexists homesandindustriesoftenmustmakedowith anerraticoowersupply.

7 Light Up andPowerAfrica i A New Deal on Energyfor Africa https:/ivww.afdb.org/en/thérigh-5/light-up-andpowerafrica%E2%80%93a-new-deaton-energyfor-
africa

8 https:/www.worldbank.org/en/region/afr/overview

¢ Trackingthe SDG7:The EnergyProgressReport:https://trackingsdg?. esmap m‘glalﬁIes/downloadiocuments/ZO}g rackmg%ZOSDGI—'ull%ZOReport pdf
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Theseerraticpowersuppliesarecharacterisetdy long outagesaveragingo 7 outagegpermonthdueto severaundercapacities
within SSA countries® This scenarichasa profoundnegativeimpacton industrial productivity and overall quality of life for
SSArural citizens.Therefore makingpoweravailableto all Africansby 2030,in line with theU N 888 Gs,is amajorchallengefor
Africa. 112

1.3 Existing proposed solutions in addressing A f r i engrgyschallenges

In its report, the African Union High-Level Panelon Emerging TechnologieJAPET) hasrecommendedhat African Union
Member States harnessmicrogrid technology for their socioeconomic transformationof the continent!* APET further
suggestedhat policymakersand decisionmakersin governmentsand the private sectoradaptand contextualisemicrogrids
implementationfor A f r i readitiéssThis shouldtake into accountfactors such as site selection,the expectednumberof
connectiongersite,andboth thedemandandwillingnessto pay. Furthermoreijt remainscrucialto consideradditionalfactors
such as the expectedreturn per connectionand the developmentof skills and capacitiesthat addresseshe underserved
communities.Most particularly, this capacity strengtheningshould addressthe role of the i i n f & re maiflosupporting
microgrid implementation.The above mentionedelementscould mitigate againstcasesreportedin somecountrieswhere
microgrid installationshavesufferedfrom improperoperationandmaintenanceThis will, therefore helpcommunitieghatcan
barelyrealisetheintendedbenefitsof microgrids.

Additionally, African countriescould addresgthe electrification challengethrough solar power, to immediatelyaddressthe

additional generationcapacitythat is requiredto achievethe universalelectrification of the continent. Fortunately, Africa

has the highestsolar resourcebasedon global horizontal irradiance(GHI). The InternationalRenewableEnergy Agency
(ARENA) determinech continentalphotovoltaic(PV) powergeneratiorpotentialof up to 660 Petawathours,wherelPetawatt
hour (PWh) equals1,000,000GWh peryear** The samestudy reporteda powergeneratiorpotentialof 460 PWh from wind

energy.This study excludedfi r e meort esthat were not closeto the existing nationalgrids. Thus, thesefigures are only

directly relevantto underserveddemandthat is already connectedto the existing grid supply. However, these figures
demonstratedhe vastelectrificationpotentialfor Africa throughharnessingolarresourcesThe photovoltaic(PV) generation
potentialis significantly higherif thefi r e naort eereinéludedthroughthedistributedgeneration modelThis is imperative
to accomplistuniversalelectrificationfor Africa.

The World Bank 5-tier metric canbe usedto measurehe level of accesgo energybasedon eight factors. Thesefactorsare
capacity availability, reliability, quality, affordability, legality, convenienceandhealthandsafety.Thisis a usefulframework
that Africa can useto understancelectrification within the continent!®> Thereis a call that Africa adoptsthe Tier 3-level

electrificationwhen harnessingsolar energythat includesgenerallighting, air circulation, radio, television,and low-energy
appliancesuchasfor generafood processing@andwashing.Thesearegenerallyconsideredhethresholdfor enablingeconomic
transformatiorandcorrespondgo anelectricity percapitaconsumptiorof 160kWh peryear&1?

% Cole,M, Elliott, R, Occhiali,G & Strobl,E2018,6 P o wwtagesandfirm performanceén SubSahara f r iJeuendof DevelopmenEconomicsyol. 134,pp.150-
159. https://doi.org/10.1016/).jdeveco.2018.05.003

1 https:/ivww.iea.org/reports/sdgdataandprojections/acces®-electricity

2 https:/www.iea.org/reports/africanergyoutlook2019

13 https:/ivww.nepad.org/blog/leherebelight-harnessingnicrogridenergyafrica#_ftn4

4 Sebastiantiermann AsamiMiketa, NicolasFichaux(2014),Estimatingthe Renewablé&EnergyPotentialin Africa, IRENA-KTH working paper International
RenewabldEnergy Agency,Abu Dhabi.

15 World Bank, https:/ivww.seforall.org/sites/default/files/GTELOSFull-Report.pdf

6 Rethinking Accessto EnergyBusinesdviodelsWaysto Walk theWaterEnergyFoodNexusTalk in Sub-Saharafrica, RES4AfricaFoundationRome,ltaly (2019):
https:/#® sunconnectnews.org/fileadmin/DATEIEN/Dateien/New/RES4Afri€E-thinking-Accessto-EnergyBusinessModels. pdf

7 https://data.worldbank.org/indicator/EG.USE.ELEC.KH.PC?locations=ZF
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1.4 Opportunities for the power generation industry of renewable energy

In Africa, the power generationindustry is dominatedby costly smallscalepower systemsthat are running on fossil fuels.
Furthermore the African DevelopmentBank claims that fossil fuels are currently the most expensivemeansof generating
electricity. Fossilf u ecbssrahgesdetweenJS$0.20andUS$0.30perkWh. This is muchhigherthanthe costof conventional
generationln contrastthelLevelisedCostof Electricity (LCOE) from renewablesourcessreportecby Bloomberg(seeFigure

3) recentlyshowedthat both electricity from photovoltaicandwind aresignificantly lower thanthe costof electricity derived
from fossilfuel.

Renewableenergywill assisteconomiego transitionthe highestgreenhousgas(GHG) towardslow carboneconomiesandto

strategicallyreduceGHG is to switch from fossil fuels to renewableenergy.Currently, A f r i renavéableenergyis only

contributinga very smallshareof thetotal energygeneratiorandusage The combinedrenewableenergyconstitutesabout13%

of the primary energysupply acrossthe world. Thus,renewableenergywill urgently reducecarbonemissionsFurthermore,
renewablesnergy will bring electricityin African areaghatarenot currentlyconnectedo the centralgrid. It canalsoimprove
theunreliablegrid andactasbackup systemsvhereverequired.

Figure 2: A f r iregi@nalsomparisorof population,GDP per year,accesgo electricityand electricity per capita

Additionally, renewableenergycan also enableeconomicdevelopmentor developingAfrican countries Figure4 showsthat
numerousAfrican countriesare geographicallywell-placed.Thus, providing themwith the opportunityto exploit the energy
potential,asmostof thesesub-SahararAfrican countriesarein low latitudeswith high sunlight. Thus,renewableenergyhelps
addresghe increasingconcernsaboutfuture energypricesandenergysecurity.This is againsta backgroundof arapid global

increasein demandfor energy and driven primarily by rising living standardsin developingand emerging countries.
Furthermorerenewablesnergy offerseconomicopportunitiesbecauseenewablesnergytechnologiesare alreadycompetitive
at marketprices.Thus,decentralised electricitgeneratiorcan potentially mobilise smalkscaleprivateinvestmentor African

economiesConsequentlyinvestmentsn renewableenergyare also offering considerablescopefor generatingemployment
opportunities,a key public policy concernin numerousAfrican countries.This is becausehereis substantialemployment
potentialassociateavith projectdevelopmentgonstructionandinstallationfor all renewableenergytechnologies.
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Figure 3: Theglobal benchmarksf photovoltaic andvind batteriesL COE

Basedon the solarradiationdata,the potential toextractsolarelectricityin Africa is amongthe bestin theworld andpresents
a majoropportunityaspricescontinueto fall. The total theoreticalpotentialson the African continentare estimatecat around
470 Petawatthours (PWh), 660 PWh, and 460 PWh for concentratingsolar power (CSP), PV, and wind, respectively?

According to Figure 3, the utility PV, offshore wind and onshorewind energy generationprices have beensignificantly

decreasingsince 2009. Thus, this is projectedto fall evenfurther soon, most particularly when the battery storagecapacity
increases.
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Figure 4: Thephotovoltaicpowerpotentialin Africa

To meetthelooming electricitydemandsmoreof A f r i ecesgvsll haveto be derivedfrom renewableenergysourcesuch
as solar, wind, and hydropower.Thus, A f r i largedusal population presentsopportunitiesfor decentralisednicro-grid
installationssuppliedby renewableenergy.This is supportedby one of the key messagesf the SDG7 achievemenpolicy
documentwhich reads:fi T aeliveruniversalenergy accedsy 2030,decentrabedoptionsarethe leastcostoption for 60% of
peoplecurrentlylackinga ¢ ¢ eTaus,Africa canachieveenhancegowersupplyfor its citizens.

18 S.HermannA. Miketa, N. Fichaux(2014),EstimatingheRenewabl&nergyPotentiain Africa, IRENA-KTH workingpaperinternationaRenewabl&nergyAgency,
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1.4.1 Why solarenergyis currentlyfailing in addressind\ f r i eneaggneeds

With an unelectrifiedpopulationof 650 million acrossthe continent,the requireddistributedgeneratiorcapacity is104 TWh/
year,entailingof a batterystoragecapacityof roughly 700 GWh 1® However,it mustbe notedthatthis is a smallfraction of the
solarPV resourcepotentialof Africa. Thereforethisimmediatelybegsthe questionof why manypeoplein Africa aretherestill
without electricity. The main reasonfor suchdisparityis the costneededo storethe electricity generatedrom solarsources.
In particular,themainreasorfor sucha costandunevendistributionaresolarenergystoragetechnologiesNotably, the costof
solarpanelshasdecreasedonsiderablyto apointwheretheyarenowwithin reachfor numerougAfrican inhabitantsTherefore,
the mainimpedimentto large-scale adoptiof solarphotovoltaicss the costof energystorage While thereareotherenergy
storagesolutionssuchas flywheels, compressedir, thermal,pumpedhydro, and supercapacitordyatteriesremainthe most
flexible technology.

Traditionally,lead-acidbatterieshavebeenemployedwith solarphotovoltaicsandtheyremainpopularlyusedasenergystorage
unitsfor numerousAfricans becausef their low cost.Evidently, energystoragetechnologyis the singlemostimportantfactor
anddecidingthesuccessr failure of SDG7in Africa. Thereforethis hasmajorcontinentaimplicationson governmenpolicies
thatgovernandregulatesolarenergygeneratiorandstorageframeworks Thus, the questionthat African governmentsieedto
answeris how they can generateelectricity of 104 TWh/yearthatis neededto power Africa throughsolarandwind energy
translateinto actual storagecapacity. This scalingup of storagefacilities will contribute tremendouslyto the immediate
industrialisation programmegeeded toncreasehe capacityof up toa factorof between 20%and 25%n Africa asshownin
Figure1.2° However,asit is, the photovoltaicgeneratiorremainsan underutilised potential?* Incredibly, evidencehasshown
that this apparenparadoxbetweenthe solar resourcepotentialandits actualisatiorarisesprimarily from governmenipolicy.
Thisis observedventhoughthereareapparengrandopportunitieswith theiradoptionfor electrificationpurposesn Africa.

Figure5: De-industrialisationin sub-SaharanAfrica

1 Renewablef2013),GlobalStatuReporthttps:/ivww.ren21.net/wpcontent/uploads/2019/05/GSR2013_MRéport_English.pdf
20 p.Trotter,Energyplanningin Africa: Challengesindopportunitiesor insourcingcapabilities Smith Schoolof Enterpriseandthe EnvironmentUniversity of Oxford,

United Kingdom,Long-termEnergyScenaridLTES)Forum,Berlin, April 12th,2019:https:/www.irena.org//media/Files/IRENA/Agency/Events/2019/Apr/LTES
2019/PhilippTrotter

--University-of-Oxford.pdf?la=en&hash=E5D20154DE9C03D63DEA775270B3CC1638720FEF.
21 JagefWaldau,A., PV StatusReport2019,EUR 29938EN, Publicationgffice of the Europearunion, Luxembourg2019,ISBN 978-92-76-126089,
doi:10.2760/326629JRC118058.

2 |nternationaMonetaryFund:World EconomicandFinancialSurveys RegionalEconomicOutlook, Sub-Saharamfrica (2015)
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Other nationsaroundthe world are alreadyawareand capitalisingon the benefitsof PV generation. Consequenthargescale
alliancesandcollaborationsarebeingformulatedfor strategicpositioningandcompetingfor control of this technology As the
wholeworld is movingtowardsstrategicallypositioningthemselveso takeadvantagef theseopportunities Africa mustfollow
suit. However thequestiorthatAfrican countriesmustansweiis howtheyaregoingto positionthemselvestnational regional,
andcontinentalevels.Africa mustalsocapitaliseon the strategicadvantageshehasoverothercountriesof theworld, suchas
hertalentof youth andendowmentvith naturalresourceseededor this kind of technologydevelopmentmanufacturingand
implementation.Africa cannotafford to wait and see what transpiresof this technology without active and deliberate
participation.

APET believesthat Africa is at a critical technologicaturning point. This presents rare chancefor Africa thatshouldnot be

let slip by and join the evergrowing list of missedopportunitiesfor Africa. Currently, there is a global revolution in
electrochemicaténergystoragethatis goingto leavethetraditionalmodelsof humanmobility andenergyaccessurnedon their
heads.The critical considerations wherethis technologicalturning point will leave African countries.The solutionis that,
while it remainsdiffi cult to predictfor certainat this stage,it remainsapparenthat Africans cannotaffordthefi wa i ts e@ o d
attitude.Instead Africa mustactwith urgencyby seizingany opportunitiespresentedit herdisposal.ln addition, Africamust
deliberatelycreateother opportunitiesso her citizens can take control of their technologicaldestinyin this rapidly churning
globalrevolution.

1.5 Batteries atthe centre of the challenge, opportunity and solution

While the costsof electricity derived from renewableresourceshave fallen below the cost of electricity from fossitbased
resourcestenewablaesourceslo not necessarilysupply the correctquality of electricalpower. A successfumodernindustry
requiresan uninterrupted on-demand consistentelectricity supply of exactvoltage (220V) and frequency(typically 50Hz).
Therefore the electricity generated using renewaliksourcesuchaswind and solais typically not aligned withthe demand
generatedy society.Thus, Africaneedscosteffective energybuffersthat canbe appliedto mitigatethe discrepancypetween
electricitydemandandsupply.SuchbuffersareknownasEnergyStorageSystems.

Recentlymajoradvancebavebeerrealisedowardshedevelopmeréndproductiorof EnergyStorageSystemsmostparticularly
systemscontaining Li-ion batteries.In addition, major car manufacturersvorldwide are startingto seethe inevitable and

gear up to replacethe internal combustiondrive train with inherently more efficient batterypowered electric motors.
Furthermorein 2018,the World Bank Groupcommittedaninitial US$1billion towardsa programmeo acceleraténvestments
in batterystoragesystemsn emergingcountries® Thesekindsof investmentsreintendedo increaseheeffectivenessf wind

andsolarpower,improveexistinggrid reliability andquality,andreducecarbonemissions.

1.6 Conclusion

Thereis aneedfor African governmentso stimulateandensuresociceconomicadvancesn the productionof EnergyStorage
Systemsby investingin next generatiorbatteriessuchasLi-ion batteries.Notably, major car manufacturersvorldwide are
inevitably replacing the internal combustiondrive train with inherently more efficient batterypowered electric motors.
Therefore thereis a needfor MemberStatesnvestmentowardsa programmehatwill acceleratdatterystoragesystemsn
theircountriesThese&indsofinvestmentsaneffectivelyincreas¢hecapacityfor wind andsolampower.Thus improvetheexisting
grid reliability andquality, andreduce carboemissionsThis canbe executed s@o addresshe looming electricity demands
throughrenewableenergysourcessuchas solar, wind, and hydropower.Consequentlythis is supportA f r i decerdralised
micro-grid installationssuppliedby the renewableenergyandaccomplishlSDG7policy frameworksthatareaimedat delivering
universalenergyaccessby 2030 to the 60% of African peoplecurrently lacking accessThus, Africa can achieveenhanced
powersupplyfor its citizens.

% https:/www.worldbank.org/en/news/featu2818/09/26/poweringewmarketsfor-batterystorage
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Critical ~ Analysis of Next -Generation  Batteries

2.1 Introd uction to Batt eries

Electrical powerplays a fundamentalole in our daily modernlife. Today, many of the 3rd Industrial Revolutiondevicesfor

computingand communicationssuch as portable computerstabletsand mobile phonesrely heavily on power from energy
storagedevicessuchas batteries Although we cannotstore electricity, we can storeelectricalenergyin the chemicalsfound

insideabatteryandlaterconvertthatenergyinto electricitywhenneeded.

A batteryis formedwhentwo or morecellsareconnectedAn individual energycell is a complicatedsystemof chemistriesand
componentspackagedn an effectiveway to facilitate practicalenergystorageapplications All cells comprisethree essential
component&nown asthe anodeandcathodeerminals(typically metals),andanelectrolytemedium(Figure6). The electrolyte
medium separatesheseterminalswhile allowing the flow of electrical chargebetweenthem. When dischargingelectricity
throughthe connectedexternalcircuit, ions from the anodetransportcurrentthrough the electrolytein the cell, while the
electronsflow in the externalcircuit. This procesdss whatgeneratesn electriccurrentto powerthe devicesthatthe batteries
areconnectedo.

Negative terminal (-) Leapsof significanttechnologicabdvancesn energystorage

e have beenmadesincethe Italian physicistAlessandroVolta

createdthe first modernday batteryin 1800, with numerous

chemistriesand methodologiesemployed since then. The

i ; rechargeabldithium-ion battery is today the most widely

appliedbatterysinceits first commercialreleasefor portable

‘ DA g electronicsby Sony and Asahi Kasei Corporationin 1991.
i i

Lithium is the lightest of all known metalsand it hasthe
greatestelectrochemicalpotential, thus offering one of the
bestenergiego weightratios?* Thus,it is no surprisethenthat

- . o lithium-ion batterieshave becomethe most highly invested
Boiitin toniinnd Gol T e oty batterytechnologyfor mostmodernrechargeablapplications.

This includesthelatestglobaldrive towardsthe electrification
of vehiclesfor a cleanerenvironment.Advancesin battery
technology have primarily been made in the chemistries,

hittps://www.bbc.com/news/magazine-2699375

Figure 6: Li-ion battery showing anode (negativeterminal) physicochemicaland mechanicalcharacteristicof cathodes
and cathode (positive terminal) electrodes separator, and and anodes However, therehas beena much strongerfocus
electrolytes onthe electrolyterecently.Consequentlytheseadvancesre

yielding higherenergyandpowerdensitiesreducedhysicalweightandsize,alongercyclelife, improvedsafety,and
significantcostreduction.

24 p. Peljo,H.H. Girault, Electrochemicabotentiavindow of batteryelectrolytesthe HOMOi LUMO misconceptionEnergyandEnvironmentaBSciencel1(2018)
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2.2 Characteristics of Current and Next -Generation Batt eries

In addition to being affordable and safe, the ideal battery should be able to store the largestamountof energy for the
smallestmassand volume (energydensity). The battery should also be able to deliver and/oracceptthe highestamountof
energyin the shortespossibletime (powerdensity).An ideal batteryshouldbe ableto withstandthe largesthumberof charge
and/ordischargecycles(long cycle life). Thesethreerequirementsare a challengeto mutually optimisein the samebattery,
leadingto what hasbeencalledthefi b a tttreirlyeasshawnin Figure 7 (a). The performanceof the selectedbattery
technologiess comparedo theinternalcombustion enginasshownin Figure7 (b). In Figure7 (b), the greenarrow showed
thepreferredpath in thedevelopmenof batterytechnologiessit offersanfi i d badahcéetweerenergyandpowerdensities.
Thus, all battery technologieslie above the green arrow, indicating comparativelylow power densities.In contrast,the
supercapacitomsxhibitvery high-powerdensitiesbutpoorenergydensitiesHowever all the batterychemistriessbovefi | i t hi um
i o im &igure? (b) areyetto be commerciallydemonstratedBut evento commercialiseddeviatesignificantly from the green
arrow. Therefore this showedthat major advancesre requiredto bring batterytechnologiesloserto the performanceof the
internalcombustiorengine.

(a) The battery trilemma (l?) Performance of the different chemistries
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Figure7: (a) Performanceonsiderationsn batterytechnologyeadtoafi b a t tt reir | yeamdn(h) @hedreamof a battery
technologythatcan competevith theinternal combustiorenginein both energyandpowerdensities.

The different lithium-ion battery technologiesare classifiedinto i ¢ h e mi $oselyi bassdpnithe chemicalcomposition
of the cathode The five main chemicalcompositionsof the currenttechnologiesnclude lithium cobaltoxide (LCO), lithium

nickel cobaltaluminiumoxide (NCA), lithium nickel manganeseobaltoxide (NMC), lithium manganesexide (LMO), and
lithium-iron- phosphatgLFP). All thesechemicalcompositionsemploy a graphite (carbon)anode.But the sixth chemistry
was also definedasa lithium-titanate(LTO). In this case the graphitein the anodeof LMO or NCA is replacedwith lithium

titanate Of thesesix, LCO is themostmaturechemicalcompositiorandchemistryof choicefor consumeelectronicsHowever,
this is not the focus of this report. The characteristicof the remainingfive main battery chemical compositionscan be
qualitativelycomparedn multi-criteriachartsasshownin Figure8. In addition,thesechartsrevealsignificantvariationamong
the different chemistrieson the six criteria underconsiderationEvidently, NMC exhibits the mostbalancedprofile of these
charts. Therefore,this featurealong with a comparativelyclear path towardsfurther advancesmakesthis battery chemical
compositioranattractivechoicefor large scaleproduction.
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Lithium-nickel- thiumnicub Lithium-manganese
cobait- alumlnum (NCA) spinel (mO)
Specific energy Speclﬂc energy Specific energy
pecmc Cost
Life span Life span Life span
Performance Performance Performance
Lithium titanate Lithium-iron
wro) phosphate (LFP)
Specific energy Specific energy

Life span Life span Safety

Performance Performance

Source: BCG research.
Note: The farther the colored shape extends along a given axis, the better the performance along that dimension.

Figure 8: A qualitative comparisonof the five main battery chemistrieson six criteria. Thefi P e r f o r axiaraferstadhow the
battery performsunderboth hot and cold weatherconditions.NMC offersa more balancedprofile on all six criteria, which partly
explainswhy this chemistrycurrentlycommandshe mostinterestin researchdevelopmengndlarge-scaleproduction.

Lithium-ion batterytechnologiesare alsoclassifiedinto fi g e n e r everithouglsthisés an unambiguouslelineationunder
this classification.Table 1 showedthe classificationthat was partially adoptedin this report.Notably,thefi g e n e r laavei on s 0
beendefinedbased orthe specific battery chemical compositidror specificchemistry the generationsevealmore clearlya
strategyfor performanceadvancement-or example for NMC in Figure 8, showeda two-prong strategyof increasingenergy
density by increasingnickel contentand reducingcostsby reducing cobalt content.On the other hand, the industrywide
generationof Table 1 only exhibit broaderstrategiesFor instance, Table 1 showedthat until Generation3, advancesvere
mainly in thecathodeBut sincethen,advancesveretakingplacein both electrodesandthe electrolytesAccordingto Tablel,
the nextgeneratiorn(highlighted)batterieswill be from two chemicalcompositionsThefirst chemicalcompositionconsistsof
high-energyNMC (HE-NMC) thatcontainsa high lithium contentNMC. The secondchemicalcompositionis the high-voltage
spinel (HVS). The HVS is an improved LMO characterisedy a partial replacemenbf the manganesavith nickel. Both
chemistriesverecomplementeevith anode®f increasingsilicon contentfor highercapacities.
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Tablel: Generationsf Lithium BatteryTechnologie$®

Generation Chemistry

5 Lithium/Oxygen (Lithium-air)

4 All -solid-statewith Lithium metalanode
ConversiommaterialgLithium-sulphur)

3b* CathodeHE-NMC, HVS
AnodeSilicon/carbon

3a CathodeNMC 622to NMC811
Anode:Carbont Silicon (5-10%)

2b CathodeNMC523to NMC622
Anode:100%carbon

2a CathodeNMC111 Anode:
100%carbon

1 CathodelLFP,NCA
Anode:100%carbon

*GeneratiorBbhasbeenidentifiedasthefi n egxetn er at i on o

The different generation®f batterytechnologyleadto different addressablepplicationsand thesehave beenclassifiedinto

threeoverlappingphasesaccordingto Figure 9 (b). the nextgeneratiorbatteriesare targetingPhasell of applications,most
particularly the electric vehiclesand energystoragesystemgESS)suchasfor mini-grids. Thus, the pivotal role of the next

generatiorbatteriesto ESSis the centerpiecef this report. As advanced\MC chemistry,followed by HVS, is envisagedo

initially dominatePhasell applications.Thesewill be primarily driven by automotiveapplicationsasshownin Figure9 (a).
Thereforethe proposedmmediatestrategyfor industrialisatioris focusedon this Phasdl applicationcorrespondinghemistry.
Nonethelesghis view is by no meanauniversallyacceptedrorinstance NCA hasbeensuggestedsthemostsuitablefor solar
homesystemgSHS)becausef their high energydensitybeatingLFP on price?” However thereis a perceptiorthattheoverall
costprofile of NCA relativeto NMC (Figure9) makest unfavourabldor large scaleESSin the African context.

(a) Generations of NMC Chemistry (b) Evolution of Technology Applications

Source: IDTechEx Research ~ Advanced U-lon & Beyond Li-on Batterie:s 2088+

Figure 9: (a) Advancesn NMC chemistryaccordingto generationsand; (b) Applicationsfor lithium-ion batteriesdivided into
three phasewith moreadvancedhemistrieslemandedfor applicationsin the outerregions.

26 T. Placke Progres@indChallengesGeneratior8b, EuropearBatteryCell R & | Workshop Brusselg2018)
27 S.DeutenJ.J.GVilchez, C. Thiel, Analysisandtestingof electriccarincentivescenariosn theNetherlandeandNorway, TechnologicaForecasting: Social
Changel51 (2020)119847
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2.3 Possible Technology Roadmap

To concludethis chapter,attemptsof a technology forecastwas made. Thus, the current situation where numerousof
the battery chemicalcompositionsare underinvestigation,it makesit incredibly difficult to confidently predictthe battery
chemicalcompositionghatwill potentiallydominatethe marketin the future. Accordingly, the following discussioraboutthe
possiblefuture evolution of battery technology ought to be understoodin the context of this caveat. Furthermore,the
primary driversfor transitionto newbatterytechnologiesare differentfor variousapplicationsForinstancepowerandenergy
densitiesare primary considerationsn electromobility.However,the costof productionand affordability may overridethese
other characteristican largescale stationarystorageapplications.This reportis mainly focusedon the latter applications.
Thus,thislattertechnologycostandaffordability for Africa will beelaboratediponthroughouthis report.Table2 is aprojected
technologytrajectoryto a periodjust beyond2030by the InternationalEnergyAgency (IEA). Unsurprisingly,thereare some
slight differencesbetweenTables1 and 2 that are reflecting the inherentuncertaintiesn theseprojections.Nonethelessthe
broadperspectivas thesame.

S a—————

2017 2020 2025 2030

Notes: HVS « high voltage spinel. The dagram shows the likely beginning of commercialisation of a given technology.
Sources: IEA analysis based on Mowell (2016); Meeus (2018); Nationale Plattform Elektromobilitat (2016); NEDO (2018); Pillot (2017),

Table2: Expecteccommercialisatioriimelinefor batterytechnologyup to just past2030.

Whatis currentlyavailablein themarketsince2017arethe cathodesomprisingof NMC111,graphiteasanodeandelectrolytes
which consisbof organicsolventandLiPF6 salts. However since2020,ananodethatconsistof carbonalloys,cathodeconsisting
of NMC622, and electrolytethat is of a gel polymer are being developed.The next generationLi-ion batteriesprojectedto
emergearound2025 will consistof cathodesknown as NMC811, anodesmadefrom graphiteand silicon (5-10%), and 5V
electrolytesalts. The advanced.i-ion consistsof Li metal HVS cathodesgraphiteand silicone compositesas anodesand
polymericelectrolytegTable2). BeyondtheLi-ion batteriesconsistof Li-air andLi-sulphurascathodeanode andelectrolytes
beyond2030.
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Thesebatteriesaim to achievehigh energydensitiesthrougha combinationof high-voltage cathodeqabout5 eV) and high-
capacityanodessuchasgraphite/siliconcompositegabout1500 mAh/g comparedo 400 mAh/g for graphite).However,the
high voltagesimposenew stringentdemandson the electrochemicaktability of the electrolytes.To addresshis and other
challengessolid electrolytesare underdevelopmentFor example,inorganic solid electrolytes,particularly oxides, appear
to bethe mostpromisingsinceorganicsolid electrolytes Currently,the organicsolid electrolytesio not meetthe conductivity
thresholdand haveto be operatedat high temperaturesanging between50°C and 80°C?28 Fortunately,there appearsto be
significantprogressowardsadvancedithium-ion batterieswith numerouscompaniesRecently,announcementsf prototypes
havebeenmadeby Sion PowerCorporation.This companyintroducedtheir Licerion batterywith a Li metalanodeanda Ni-
rich cathodeprovidinganenergydensityof 500Wh/kg.

Thereareconversionchemistriesnvolvedin Li-ion batteriesput thelithium is the chargecarrier. Furthermorethe preceding
chemistriegely on intercalationchemistry.This meanghattheyrely on reversibleinsertionandde-insertionof lithium ions at
the batteryelectrodesHowever,thereis a fundamentalimit of between350 Wh/kg and400 Wh/kg in the amountof lithium

ions that can be accommodatednside the crystal structureof an electrode.As advancedithium-ion batteriesare already
expectedto reachthis limit, chemistriesthat overcomethis limit are imperative. Interestingly,the lithium conversion
chemistriesoffer the most promisingsolutionto suchlimitations. Among theseare lithium-sulphurand lithium-air, with the
former closerto commercialisationFor example,Oxis Energyis planningto commercialisdithium-sulphurbatteries.These
kinds of batteriesare targetingthe transportatiorindustry, primarily aviation, buses,and trucks?® Hence,the lithium-sulphur
batteriesoffer a very high theoreticalspecific capacityof 1675 mAh/g, the energydensityof 2600 Wh/kg, and high energy
efficiency of 80%3° However, the severecapacityfadingis causedy theshuttleeffectof thepolysulfide. Thereforethis needs
to beaddresseébr large-scalecommercialisatiomf lithium-sulphurbatteries

Thechemistriebelongingothesekindsof batteriesreneitherin Tablelnor2. Thisisbecauséheseslementsfinterestepresent
a completedeparturefrom lithium asthe core of the technologyby adoptingother elementsFor example,they incorporate
sodium,magnesiumaluminium, and zinc elementsAs thesechemistriesare fundamentallyanalogoudo lithium technology,
they are roughly expectedto follow with someleapfrogging analogougrajectories.For example,the sodiunzion, advanced
sodiumion, and beyond sodiunzion chemistries.Notably, the increasinginterest towards these elementsis their natural
abundancdeadingto their affordability and favourableenvironmentalprofiles leadingto their sustainability.Thus, thereis
significantongoingresearchn ion and conversionchemistriesor sodium3? magnesiuni aluminium? andzinc3* However,
atthis pointof theresearchit isimpossibleto projecttheircommercialisatiotimeline.

28 J,SchnellN. Vaishali,L.W. Horowitz, F. Paulot,P. Ginoux,M. Zhao,D.E. Horton,Air qualityimpactsfrom theelectrificationof light-duty passengerehiclesin the
United StatesAtmosphericEnvironment208(2019)95-102

2 https://oxisenergy.com/

30 A, Eftekhari, Theriseof lithiumi seleniunbatteriesSustainabl&nergyFuelsl (2017)14-29: https://doi.org/10.1039/C6 SE00094K

S1H. Wei, Y. Liu, X. Zhai, F. Wang,X. Ren,F. Tao,T. Li, G. Wang,F. Ren,Applicationof CarbonNanotubeBasedMaterialsasInterlayersin High-Performancé.ithium-
Sulfur BatteriesA Review,FrontierEnergyResearcl{2020):https://doi.org/10.3389/fenrg.2020.585795

$2V.L. Martins,H.R. Neves |.E. Monje, M.M. Leite, P.F.M.De Oliveira, R.M. Antoniassi,S. ChauqueW.G. Morais, E.C.Melo, T.T. ObanaB.L. SouzaR.M. Torresi,An
overviewonthe developmenbof electrochemicatapacitorsandbatteriesPartll, An AcadBrasCienc2 (2020)92:e2020080@M0I 10.1590/00043765202020200800

38 Z. ZhaoKarger,M. Fichtner,Beyondintercalationchemistryfor rechargeabl#g batteriesA ShortReviewandPerspectivel-rontiersin Chemistry 6 (2018)656:doi:
10.3389/fchem.2018.00656

34T, LeisegangF. MeutznerM. ZschornakW. MiinchgesangR. Schmid,T. Nestler,R.A. Eremin,A.A. Kabanov,V.A. Blatov, D.C. Meyer, Thealuminiumion battery:A
sustainableandseminalconceptFrontiersin Chemistry(2019):https://doi.org/10.3389/fchem.2019.00268

3% W. Zhang,X. Zhai,Y. Zhang H. Wei, J.Ma, J.Wang,L. Liang, Y. Liu, G. Wang,F.Ren,S.Wei, Applicationof manganeséasednaterialsn aqueousechargeable
zinc-ion batteriesFrontiersin EnergyResearch(2020):https://doi.org/10.3389/fenrg.2020.00195
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The redoxflow batteries(RFBs)are a different batteryformat becausehey primarily rely on the reductioroxidation (redox)
reactionbetweentwo salt solutionsthat are storedin separateanks.In this case during the redoxoperation,eachsolutionis

pumpedhroughoneof the electrodecompartmentsf the cell wherethe solutionsaresituated. Thesesaltscaninteractthrough
apermeablenembraneahatallowsfor theredoxprocesgo occur.Becausef thelow energydensitiesthis batteryconfiguration
is intrinsically suitedto largescale(at leasttensof KWh to the MGWh scale),and long-term storagewhich can be more
than6 hours.However theseareenabledby the largetanksinstalledfor highercapacity.Thus,RFBsappearto be an attractive
propositionf o r A Electrificadiahtiroughmini-grids and micro-grids. Nonethelessthe capital cosof the vanadiumflow

battery,whichis the mostdevelopedf thesetechnologiesremainstoo high for deepmarketpenetrationBut sinceAfrica does
notpossessa strategicadvantagén thisbatterytechnologythis reportdoesnotpursusit further.

Notably, supercapacitorsare not traditionally defined as batteries. This is becausesupercapacitorsstore their energy
electrostaticallyinsteadof electrochemicallyastraditionalbatteriesdo. Thatis why, asenergystoragedevices supercapacitors
caneithercompetewith or complemenbatteries.Supercapacitorare characterisedby their high-powerdensityandvery low
energydensityasshownin figure 7 (b). Unfortunately,their low energydensity coupledwith selfdischargeremainsa major
drawbackthat limits supercapacitorapplications.Their only niche applicationis only electric buses.Supercapacitorsanbe
employedin tandemwith batteriesfor applicationsdemandingboth high energydensity (batteries)and high-power density
(supercapacitorsConsequentlysupercapacitorgill notbediscusse@nyfurtherin thisreport.

An ideal batteryoughtto be cheap,safe,and be ableto storethe largestamountof energyfor the smallestmassaswell as
energydensity. Innovatorsought to ascertainthat the battery can deliver and/oracceptthe highestamountof energyin the
shortespowerdensity.In this way, theideal batterycanhold up the enormouslylong-life cycles.Therefore African innovators
canensurehatthebatteriesaremutually optimisedwith energyandpowerdensitiesThus,all batterytechnologiesnustexhibit
high-powerdensitiesHence,suchbatteriescan enhancehe continentaldrive towardsemergingtechnologiesmore especially
artificial intelligence digital technologiesandtheelectrificationof mechanisatioffor a cleanerenvironmentNotably,advances
in batterytechnologyhaveprimarily beenin the chemistriesmostparticularly,physicochemicalandmechanicatharacteristics
of cathodesand anodesTherefore,African innovatorsoughtto focuson electrolytechemistryto improve efficiencies.Thus,
Af r iimmevaétarscanyield higherenergyandpowerdensitiesreducedohysicalweightandsize,alongercyclelife, improved
safety,andsignificantcostreduction.
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Relevance of Next -Generation Batteries to Af r i cCedlspment

3.1 Thecontextof nextgeneratiorbatteriesn A f r i needsd s

While the rest of the developedworld is navigatingtowardsIndustry 4.0 with technologiessuch as autonomousvehicles,
artificial intelligence, internet of things, drones, robotics and wearabledevices,numerousparts of Africa have not yet

successfullyimplementedndustry 2.0. Thus, it remainsclearthat African countriesneedto investin an energysupplythat is

reliable, accessibleand affordablebeforeimplementingthe latestechnologiesTherefore,in identifying applicationsfor next

generatiorbatteriedfor Africa, the focusshouldfirst be on addressinghedire needfor stableandcontinuouslyavailableenergy
supply.Thus,failure to addresshis energycrisisimmediately, will mostlikely bedisastroudor A f r i futuaedThis challenge
will hinderthetechnologicahdvancemeraf A f r i irhabidastsHence for now, to addresshis energychallengejnvestment
andinnovationefforts mustfocustowardsthe bestandlatestbatterytechnologiedor A f r i hageenhary storageneedsThus,

addressinghe future applicationsof the next generationbatteriesfor Africa can enablethe adventof the new Industry 4.0

technologiesThis is becausendustry 4.0 technologiesare highly relianton reliable,accessibleand affordableenergy supply
for successfudpplicationandimplementations.

3.2 Currentapplicationsof NGB in Africa

Numerous successfulprojects have been completed in

Africa, where batterieshave complementedargescale solar
installations.One suchexampleis a combinedsolar plant and
batterysystemsituatedin the ZambianProvinceof Chisamba.
This systemis stationedat the Agricultural Knowledge and
Training Centrebasedin the ChibomboDistrict. This plantis

run by the Germanand ZambianMinistry of Agriculture. The
plant consistsof 260 solarmoduleswith a total capacityof 86

kWh. This plantsuppliesa 90,000m? grairtfield farm with 450
kwh neededfor renewable energy meant for irrigation

purposesup to 12 hours per day. It was reportedby Tobias
Kriete (BayWa r.e. Africa Regional Manager for Solar
Projects¥ thatthe combinedPV plantandbattery systemvere
designedto ensurea stable supply of electricity. This was
specificallyaddressingnergysecurityandproductivity.

In somepartsof Africa suchasSouthAfrica, nextgeneratiorbatteriesare beingemployedin moreadvancedechnologiesuch
asdronesfor agriculturaland aerial photographyunmannedherialvehicles(UAV) for military andlogistics,androboticsfor
security and education.It is also utilised on the Internet of Things (IoT) applicationssuch as remote sensingand traffic
monitoring.Forexample the Lightstone,a SouthAfrican analyticscompany revealedthatsincetheinceptionof electrically

3 https:vww.bayware.frlen/company/news/details/naticealergyglobe-awardfor-solarprojectin-zambia/
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poweredvehicles(EV) in SouthAfrica, a total of 375 have beensold. Incredibly,the sales ofelectric vehicles(EV) are
estimatedto accountfor 55% of all new vehicle salesby 2040. Thus, thisclearly demonstrateshe potentialthat the next
generatiorbatteriegpossesi  Africa. Thisis becausaextgeneratiorbatterieswill observehegreatestuturedemandcoming
fromEVs.

In thissubsectionyelevanttasestudieof nextgeneratioratteryapplicationsarebeingpresentedOnecasestudyis
successfulandtheothercasestudywasunsuccessful.

3.2.1.1 CaseStudy:Electricbuspoweredby Lithium ion batterie¥

Market: Commercial

Solution: Fully ElectricBus

Product: Lithium-ionintelligentbatterymoduleassembleihto asystenof
92kWhat332V.

App lication : Working with aleadingglobalbusbuilder,Valencehasbecome

a key supplierof electricbuses inEurope.The mainoffering in this rangeof |'|

vehiclesis a 10-meterbusthatcancarryup to 37 seategpassengerandhas a f
maximumrangeof 150 kilometers.The electric busesare poweredthrough
lithium-ion batterieswith wirelesschargingandfull remotemonitoring.
Result : This vehicle issucha successhatit is beingusedacrosshe United
Kingdom and Europefor city transportationuniversity transport,airport

andride shuttlesandtourism.Currently thereareover60 buseghatarein service Furthermorethis vehicleis well-
positionedto bepartof thelargestfully electricbusfleetin Europe.

3.2.1.2 CaseStudy:GalaxyNote7 recalf®

Market: Commercial

Solution: Lithium-ion batteryfor mobile cellularphone

Product: Mobile CellularphoneGalaxyNote 7

App lication : Firesemanatingrom the batterycausedoodily harmto severalpeopleaswell aspropertydamagereportsthat
werefiled. S a ms u propefosind that the overheatingand burning of the phoneswas causedby faults within the batteries.
Accordingto thefindings, the problems emanated fromsufficientinsulation materialithin the batteriesThe designdid not
provideanadequateoomthatcouldsafelyaccommodatéheb a t t electrodes. 6

Result : The primary recall occurredon Septembefi5th, 2016, with 1 million cellular phonesbeing recalled. Therewere 66
reportsof batteryfailuresbetweenAugust16th and Septembef 5th, 2016.Eventually,all cellular phonesweredeactivatedo
avoidfurtherliability issueswith thecellularphoneghathadnotbeensentbackduringtherecall.

3.3 The relevance of Next Generation Batteries in Africa

The lithium-ion batteryhastransformedhe way we live andwork. This is becauseheir ability to storesubstantiakenergyin
small footprints hasresultedin the massdistribution of portableelectronicdevicesacrossthe continent.This includesmobile
phonesand portable computersthroughoutAfrica. In many parts of Africa, the numberof peoplewith mobile phonesfar
outnumbetthosewith accesgo electricity. Notwithstandingmanymustwalk a greatdistanceto geta cleartelecommunications
signaland/orrechargeheird e v i bateres

37 http:/ithiumwerks.com/wggontent/upload8016/02/Cas&tudyMotive-ElectricBus-Optare.pdf
3 https://en.wikipedia.org/wiki/Samsung_Galaxy_Note_7
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With a penetrationof 44% in 2017, mobile phoneshavetransformedthe
lives of hundred=f millions of African. In mostcasesthesemobile phones
arethe first and only way to connectfor most Africans with the outside
world. Of coursemobile phoneg(andtablets)rely on batterystoragewith

* @ $'| 50bn the dominanttechnologybeing lithium-ion batteries.Interestingly,mobile

phone technology has made it possible for poor countriesto leapfrog

Mobile industry contribution to GDP

Employment outdatedand expensivelandline telephonicinstallations.For instance,in
Jobs supparted by the mobile scoystem 2017,accordingto gmsa.commobile technologiesand servicesgenerated

@ Ii] e 3 7,1% of the GDP acrosssubSaharanAfrica. This was a contribution
~N : m amountingto US$110billion and supportingover 3 million jobs in the

ﬁ[__r‘:l s 3 45m mobilesectorecosystem.
-

D Mobile-money servicesis an innovative technology that has enabled

N N Teon Africans peopleto sendmoney directly from their mobile devicesto

e ATEIAR purchaseservicesand products.Mobile-money serviceshavessignificantly
@ transformedheway moneyis transferrecacrosghecontinentForexample,
Aaaitional paspla the Mobile EconomySub SahararAfrica (2018)reportedthatin 2017,the

to came online

e total value and numberof mobile moneytransactiongrew by 14,4%and

17,9%to reach$19,9 billion and $1,2 billion, respectively® Across the

region,it wasobservedhatmobilemoneycontinuedo play asignificantrole

in offering financial servicego peoplewith limited access to conventionafinancial institutions. Therefore renewablesnergy
presentghe greatesopportunityfor Africa to leapfrogthe dire needfor accesgo cleanenergythatis accessiblereliable,

andaffordable.This acceswill enablemore Africansto have accesso mobilephoneanddigital technologieshatwill address
their sociceconomicchallengesTherefore,the next generation batteriesare significantly complementingthe renewable
energysources.This will allow for a continuoussupply of electricity evenwhenthe renewablesourceis inactive,suchas
whenthesunis not shiningon solarpanels.

3.4 Harnessing the power of NGB

‘ ‘ " } , B It hasbeenfound thatthereis a directcorrelationbetweeneconomic
Ending poverty and ensuring sustainability are growthandareliableelectricity supply. Thereforejf Africa is to fulfil
the delining challenges of our ime. Energy is its promiseof uplifting its peoplethroughpovertyalleviation, it needs

central to both of them. power and clean renewablepower. In addition, the former World
Bank PresidenDr Jim Yong Kim statedthatbatterystoragecanhelp

World Bank Group President African countriesleapfrogto the nextgeneratiorof powergeneration

Jim Yong Kim technology and expand energy access.Thus, for the developing

African countriesnpextgeneratiorbatteriesareagamechanger.

The reality is that energystorageis going to unlock hugeopportunitiesfor morerenewableenergyinvestmentn Africa. This
will be at both utility anddistribution levels. Consequentlythis will completelydisruptthe traditional African power sector
model. The expectations thatup to 42% of peoplein Africa will be servicedthroughoff-grid or mini-grid solutionsby 2050.
In addition,the rural areaswith limited infrastructureand power supply, the off-grid batteryenergystoragesolutionswill fill

the gap of energyshortagesThis will empowemumerousural peopleand businessesurrently with limited accesgo power

supply.

In a majorannouncemerdt the One PlanetSummitin SeptembeR018,the World BankGroup committedUS$1billion for a
new global programme.This new global programmewill acceleratenvestmentsin battery storagefor energy systemsin
developingand middle-income countries, such as African countries.In addition, the World Bank Group is expectingto
mobilise anotherUS$4 billion in concessionaklimate financing and public and private investments.Thus, the battery
storageprogrammeis envisagedo developmiddle-incomecountries.

39 Stateof thelndustryReporionMobile Money(2018) https:/www.gsmacom/riwpcontent/uploads/2019/05/G SMtateof-the-IndustryReporton-Mobile-Money-2018
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This will significantly rampup their utilisation of renewables, mogarticularly windand solapower.Consequentlythis will
improveenergysecurity,increasegrid stability,andexpand acced® electricity for African countriesFor far too long, Africa
hasbeenreferredto asthe i d aa dkn t i becausdofdagging behindin technologicaltransformationand reliable power

generation.Therefore,the energy transformationthrough next generationbatteriesis the tipping point for A f r i fotaed s
Potentially this transformatiorwill providenewopportunitiesor unprecedentegrowth. Forinstancejt will enablebusinesses

to get startedand grow, generatgobs for A f r i ypwthfamd even createnew marketsacrossthe continent. Additionally,
childrenfrom mostAfrican countriescurrentlywithout electricity canbe ableto studyafterdark.On the otherhand,healthcare
facilities suchashospitalsandclinics canstorelife-savingvaccinesevenwhenhavingunreliablepowersupplies.Thus,African
countriescangrow morecompetitiveeconomiegndimprovetheoverallquality of life forall A f r i ctizeriss

3.5 Desirable criteria for microgrids

For the Li-ion batterytechnologyto effectively developand be competitivefor grid-connectedusein Europe,the specific
battery bankcostsmustbeunderd 2 0 0 / withWéhlifetime above2500cycles? Thus,it is morelikely thatLi-ion batteries
will becomemore competitivefor distributedpower beforethey are adoptedfor centralisedapplications. Amongstthe LIBs
chemistriesthe LFP is the chemistrythatis morelikely to dominatethe grid storagespaceThis will occurprimarily because
of theirlongercyclelife, low cost,andecofriendly material** As manufacturingostsfall throughlearning,thefloor pricewill
ultimatelybedictated by the essentiaaterialssuchthatof NMC, whichis notexpectedo fall below$100/kWh?#?

3.6 Conclusion

Currently, Africa is navigatingits way towardsindustry 4.0
with technologiessuch as autonomousvehicles, artificial
intelligence jinternetof things,dronesrobotics,andwearable
devices.However,Africa is yet to successfullyimplemented
Industry2.0. Thus, African countriesneedto urgently invest
towards energy supply that can be reliable, accessible,
and affordable so to effectively implementtheseintended
emergingtechnologies.Therefore, Africa is encouragedo
focuson addressinghe dire needfor stableandcontinuously
available energy supply. Successful implementation of
reliable energy supply in the form of the next generation
batterieswill power advancedtechnologiessuch as drones
for agricultural and aerial photography,unmannedaerial
vehicles(UAV) for military andlogistics, Internetof Things
(loT), artificial intelligence blockchaintechnologieselectric
vehicles,and roboticsfor securityand education.Thus, this
clearly demonstrateshe potential next generationbatteries
thatwill observehegreatesfuturedemandn Africa.

40 H.C.HesseM. Schimpep. Kucevic,A. Jossenl.ithium-lon BatteryStoragefor theGridd A Reviewof StationaryBatteryStorageSystenDesignTailoredfor
Applicationsin ModernPowerGrids,Energiesl0(2017)2107:https://doi.org/10.3390/en10122107
4 G.Zubi, R. Dufo-Lépez,M. CarvalhoG. PasaogluT helithium-ion battery:Stateof theartandfuture perspectivesRenewabl@ndSustainabl&nergyReviews 89

(2018) 292-308:DOI: 10.1016/j.rser.2018.03.002.

“2 MIT Energylnitiative. 2019.Insightsinto FutureMobility. CambridgeMA: MIT Energyinitiative. http://energy.mit.edu/insightsintofuturemobility
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Risks and Benefits of the Next Generation Battery Technology

ThesubSaharafrica powersectoris significantlyunderdevelopeih termsof installedcapacity energyaccessand/oroverall
consumptionSinceaccesdo clean,affordable,adequatejuality electricity is anessentiatomponentn any moderneconomy,
any electricity shortagecorrelatedirectly with missed opportunitie®r GDP growth and povertyalleviation. Thus,the socio

economicpromiseto Africa, in general,is vestedin the ability of Af r i gowedeentsand investorstowardsa drastic
acceleratiornn theelectricity productioncapacity.

If nationalwealthcreationandprosperityfor Africansis the desiredbenefit, African governmentsieedto formulateregulatory
frameworks (RFW) aroundthe localisation of stateof-the-art battery production. This RFWs will enablethe deployment
of largenumbersf micro-gridsto meetthe electricity generatiorcapacitygrowth. FurthermoreAfrica needgo formulatewell-
coordinatedresearchdevelopmentand innovation (RD&I) strategicplan. This RD&I strategicplan will sustainan African
humanresourcepool that can meaningfully contributeto the sustainablelevelopmenbf next generatiorbatteries Currently,
the greatestisk thatthe African continentneedsto urgently addresss the absencef a clearcommitmenttowardsthe RFW
andRD&lI strategiglan.

Therisksand benefitof bothapproaches amxplainedn this subsection

4.1 Risks and benefits pertaining to local mineral beneficiation towards the production
of state-of-the-art batter ies

Thesheersizeof theinternationaNGB marketis primarily drivenby theworldwidedesireto convertthetransportatiorindustry
from the conventionainternalcombustionengine(ICE) to an electromotiveengine While it hasbeenknown for severalyears
that electrically-driven transportationis far more energyefficient than transportmade possibly with the ICE, there are
two otherreasonshathavecausedhis conversiorto gainmomentumThefirst reasonis thatit hasbeenprojectedhatthe cost

effectivenessndeconomideasibility of NGB will enablethe massproductionof EV andpowerelectricvehicles.Furthermore,
theperceivedisk emanatingrom thehumaninducedclimatechangehascaused) o v e r naorssideraiodsroundtheworld

towardstargetingpartial or completeban of internal combustionengines.Overshadowedby the EV batterymarketpotential,
butstill very prominentonits own, is thepotentialof batteriespftenreferredto asii t holy g r aof renéwableenergysystems.
Therefore the next generatiorbatteryindustryis expectedto developinto a staggeringmulti-trillion dollar marketby 2040.
With accurateand strategicplanning, Africa has the potentialto becomea major beneficiary and be competitive against
technologicallysavvyandindustrialiseccountriesacrossheworld.

Af | aisk-highbenefits ¢ e n eanbelwifi aroundthebeneficiationof theseAfrican resourceshatarelinked to thepredicted
surge for batterygrade material. These materialsinclude manganesecobalt, nickel, lithium, graphite, flour, copper,and
aluminium. Furthermore apartfrom the revenuesreatedfrom the productionof batterygradematerials,local manufacturing
of stateof-the-art batterieswill allow A f r i cordirusdexportfrom its existing car assemblyindustry. Effectively, this will
improvethepositionof A f r i n@aeutaguringandexpandob opportunitiesor socioceconomiadevelopmenof Africansgoing
forward. The financial risks associatedvith the establishmenof an RFW areminimal. This is becausehe capitalinvestment
canbe madeby the privatesector.The aim of establishinghe RFW is primarily to protect thenterests ofAfricansin the next
generatiorvaluechain,preventheexportof raw andunrefinedmaterials andfacilitate thelocal refinemenof materials¢o
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batterygradematerialsin exchangedor exportrights. Furthermore sincethe main financial risk will be borneby the private
sector,there are numerousinherently costeffective battery chemistrieson the vergeof commercialproduction.However, it

remaingisky to lock ontotheb a t t ehemystiyeventhoughit is currentlyregardechsthe stateof-the-art. Notably, changing
batteryassemblyplant from a graphiteanode/NMC81Xathodento a Li-anode/sulphurcathodds notjust aboutadjustingthe
assemblyline, but hasmajor implicationsto the raw material processingsystemdeadingto expensivealterations.Thus,the
currentstateof-the-art batteryis expectedo havea highercontentof elementghatis strategicto Africa. The NGB is chasing
inherentlycheaper materialsiadefrom Zn/air, LiS, Li-air, andwith enhancedhermalstorageproperties.Thesematerialsare
widely availableminerals,andthis present@&nopportunityfor African countriesandprivateto increaseprofitability.

4.2 Risksand benefitspertaining to acoordinated RD&I plan

The financial burdenassociatedvith the developmenbf a coordinatedresearchdevelopmenaindinnovation(RD&I) planis
substantialThis is becauseéheinvestmentin humanresourceand batterytechnologymay only showfinancial benefitsin the
long run. In addition,theuniqueintellectualpropertyoutputsgeneratedby the humanresourceshatform partof the RD&I plan
arecompetingwith well-establishedind significantly betterfundedresearctconsortiaworldwide. However,without an RD&l
plan, the sustainabilityof the African batteryindustrywill be compromisedNeverthelessthefinancial risks of theseinitiatives
arecertainlycontrolledif the RD&I is focusedon African basedbatterymaterialrefinementpatteryassemblyanddevelopment
within Africa, and effective and well-distributeddeploymentof an energystoragesystem.However, African countriesmust
avoid a casewherethey riskdeveloping théechnologywithin the continent,only to completely abandon thainerals through
which Africa hasa strategicadvantageTherefore,it is essentiathat African Union MemberStatesake chargeof technology
developmenandensurehatit matchedA f r i stadée§imdvantages.

4.3 Conclusion

Presentlythe subSahararAfrica powersectoris significantly underdevelopedith respecto installedcapacity energyaccess,
andoverall consumptionHowever,African Union MemberStatesoughtto improve accesgo clean,affordable,andadequate
quality electricity as an essentialcomponentof A f r i ecandrg.Notably, any electricity shortagecorrelatesdirectly with
missedopportunitiesfor GDP growth and poverty alleviation. Thus, the socioceconomicpromiseto Africa, in general,is
vestedin theability of A f r i governsentand investorsowardsa drasticaccelerationin theelectricity productiorcapaity.
It alsoassistdMemberStatego createwealthandprosperityfor theircitizenry.

African governmentsneedto formulate regulatory frameworks (RFW) around the localisation of stateof-the-art battery
production.This RFWswill enablethe deploymeniof largenumbersof micro-gridsto meetthe electricity generatiowapacity
growth. Furthermore Africa needsto formulatewell-coordinatedresearchdevelopmentandinnovation(RD&I) strategicplan. This
RD&I strategic plan will sustain an African human resourcepool that can meaningfully contribute to the sustainable
developmenbf next generationbatteries.Therefore thereis a needfor a clearand urgentcommitmentto RFW and RD&l
strategicplans.Fortunately the NGB marketwill grow astheinnovationis primarily driven by the worldwide desireto convert
thetransportatiorindustryfrom the conventionainternalcombustionengine(ICE) to an electromotiveengine.This is because
of the projectedpromiseof their N G B &asteffectivenessreliability, and economicfeasibility. Hence,with accurateand
strategigplanning,Africa hasthe potentialto becomea majorbeneficiaryandbe competitiveagainstechnologicallysavvyand
industrialiseccountriesacrossheworld with respecto NGBs.
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Ethical  Considerations

The EnvironmentalSocial,andGovernanc€ESG)paradigmis bringing aboutprofoundchangego theway privateandprivate
institutions conductbusinessas environmental social, and governanceassuesincreasinglyrise in priority. Additionally, the
African LIBs industry comesinto beingin a global contextwith high expectation®f sustainabilityand businessthicsto the
point whereESG hasbecomea competitiveadvantagé3# Therefore, the industry is encouragedto aspire towards a
vision of the highestethicalmotivation. Thatis, developinga businessnodelembeddedn stakeholdedialogue participation,
and collaborative sustainabilitymanagemerfé The main aim of this model is promoting responsiblebusinesspracticesin
orderto preserveA f r i collacfiveheritagein nature culture,andthe careandprotectionof vulnerablegroupsin sociey such
as women, children, the elderly, ethnic minorities, and the poor. Therefore, without the structural baggageof existing
organisationsthe African LIBs industry hasa clear opportunityto leapfrogin ESG performanceThis canbe accomplished
throughappropriatelesignwith respecto structuralandpolicy frameworksrom theoutset.

Regardinghelithium-ion batterieqLIBs) technologythefundamentafjuestionthatA f r i imevétasneedto answeris what
isanfi e t hbiact a l@nfogunately the discussia of LIBs ethicsis complex,andtwo aspectsnustbe clarified at the outset
for tractability. The first aspect,as correctly noted recently by the London Metals Exchangé? is that the perimeterand
parameter®f ethical considerationgontinueto evolvewith growing knowledgeand societalexpectationsAccordingly, this
discussioris only asnapshoin time of rapidly dynamicfactorsthatwill shapeanddefineourunderstandingf whatconstitutes
anf e t hbiact at I'Ehergfaregthis suggestghat the LIBs industry needsto stay alert to thesedevelopmentsand constantly
reassestself to proactivelyaddressheissuesastheyarise.Thesecondaspects thatLiBs is anenablingtechnology Therefore,
astheL | Bvgdén its applicationsand enablingvarioustechnologiestheremustbe an assessmertf ethicalimplicationsin
a wide rangeof sectorsThus,it remainsessentiato clearly delineatethe remit of this reportwith respecto theethicsof LIBs.
In thisregard the scopeof ethicalconsideration$or this reportin the LIBs valuechainconsistof mineralextraction processing
and refining, precursorand battery manufacturingdistribution, secondife, andrecycling and disposal.Theseconsiderations
are madealong with the associatedesearchdevelopmentand innovationactivities, as shownin Figure 10. This necessary
delineationexcludesmany importantethicalissuesin the variousapplicationsof LIBs. For example,the use of weaponised
devicespoweredby LiBs. Within this value chain, someissuesare generaland cut acrossmultiple operations.Theseare
discussedirst. Ontheotherhand thoseissueghatrelateto specificoperation@readdressedndertheir respectivesections.

4% M. Taliento,C. Favino,A. Netti, Impactof Environmental Social,andGovernancénformationon EconomicPerformanceEvidenceof aCorporated Su st ai nabi | i ty
A d v a n freangEerdpe Sustainabilityl 1 (2019)1738;https://doi.org/10.3390/su11061738.

4 Favino,Christian,Taliento,Marco,Netti, Antonio, Impactof EnvironmentalSocial,andGovernancénformationon EconomicPerformanceEvidenceof a Corporate

6 S u s-thiity A d v a n fromgweaopeSustainabilityl1(2019):DOI: 10.3390/su11061738.

% 1. Oncioiu,D.-M. PopescuA. ElenaAviana,A. SerbanF. Rotaru,M. PetrescuA. Marin-Pantelescul heRole of EnvironmentalSocial,andGovernanc®isclosuren

Financial TransparencySustainabilityl2 (2020)6757-6773;d0i:10.3390/su12176757.

46 https:/www.Ime.com#/media/Files/Newnitiatives/ResponsibiSourcing/
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The Environmental Social,and CorporateGovernanc€ESG) paradigm,in its generalform, appliesto all componentof the
LIBs value chain. The i e n v i r o ragpectistpenhadly concernedwith sustainableresourcemanagementind the
protectionof the environmenfrom harmfulindustrialemissionsThefocusof thefi s o caspadis@oncernedvith thepeople;
employeeworking conditions as well as community/stakeholderelations. This essentially meansthe corporate social
responsibility(CSR).Lastly,thefi g o v e r aspedaaddredsethetransparencyf all processeandthe avoidanceof conflict
of interest,aswell asinclusivity and diversity. It also catersfor the equitablecompensatiorof employeesand directors.All

theseaspectanustbe entrenchednto the designof the industry,not only to fulfil societalexpectationdut for the goodof a
responsiblebusiness.This is primarily becausehereis compelling evidenceof positive correlationsbetweenthe financial
performanceof corporationsandtheir performancen environmentabndsocialissues? In addition,therehavebeenreportsof
recentevidencepresentediirectly from the African contextsupportinghis correlation?®

On the investmentconsiderationspetter performancehas beenreportedfor institutional investorsthat apply ESG metrics
in the selectionof investmentportfolios using the EquatorPrinciple#® This investmentapproachin turn exertsmore pressure
on corporationdor ESGperformancé® Accordingly, it is expectedhatbusinessedemonstratingyreatertransparencyhrough
ESGreportingwill attractbetterinvestmentfunding in the future>* This is consistentwith the greenbondsperformingat a
premiumoverordinarybonds®? Already, a clearstatemenbf the momentumowardstransparenESGreportingin the broader
LIBs sectoremergedrom the recentDecembef018launchof the TaskForceon ClimaterelatedFinancialDisclosure(TCFD)
underthe Electric Utility Preparef~orum coordinatedby the World BusinessCouncil for SustainabldDevelopment?In this
regard,LIBs will help mitigateclimatechangeThis will happenif they areprimarily employedo facilitate renewablesnergy
penetrationratherthanstoringenergyfrom fossil fuels.

Equality, diversity, andinclusivity are currently underthe spotlightin the managementircles. Ratherthan leaving theseto

chance,there is a thrust towards achieving them by the deliberatedesign of organisation§*s®*Many organisationsare

establishingequality, diversity, and inclusivity working groupsto directly addressthesemanagemenissues.Some of the

specific issuesthat they are focusing on include equal opportunity and addressingnequality. For example,institutions are

addressinghe genderpay gap, sexualharassmenat the workplace,work-life balance,and actively seekingto reducethe

vulnerability of disadvantagedocialgroups.Therefore the African LIBs industry mustnot createnew economicinequalities
nor exacerbatexistingonesby becominga premiumproductonly affordableto the rich. Consequentlygovernmensubsidies
mightbeneededo facilitatethe affordability of LiBs technology.

47 E. Albertini, DoesEnvironmentaManagemenimproveFinancialPerformanceA Meta-AnalyticalReview,Organizatior& Environmen®6(2013)431-457:DOI:
10.1177/1086026613510301.

4 A. Aboud,A. Diab, Theimpactof social,environmentalandcorporategovernancelisclosure®n firm value:Evidencefrom Egypt,Journalof Accountingin Emerging
Econe mies,8(2018)442-458:https://doi.org/10.1108/JAEB8-2017-0079.

4 E.Nizam,A. Ng, G. DewandaruR. NagayevM. Nkoba, TheImpactof SocialandEnvironmentaBustainabilityon FinancialPerformanceA GlobalAnalysisof the
Banking SectorJournalf Multinational FinancialManagemen49 (2019):DOI: 10.1016/j.mulfin.2019.01.002.

% A. Dyck,K.V. Lins, L. Roth,H.F.WagnerDo institutionalinvestorsdrive corporatesocialresponsibilityanternationakvidence,Journabf FinancialEconomics,
131(2019) 693 714:https://doi.org/10.1016/j.jfineco.2018.08.013.

1 A. Hamrouni,R. Boussaada\. Toumi, Corporatesocialresponsibilitydisclosureanddebtfinancing,Journalof Applied AccountingResearct20(2019):DOI:
10.1108/JAAR 01-20180020.

2 R.JohnsonThelink betweerenvironmentalsocial,andcorporategovernancelisclosureandthe costof capitalin SouthAfrica, Journalbof EconomicandFinancial
Sciences13(2020),543:https://doi.org/10.4102/jef.v13i1.543.

53 https:/ivww.wbcsd.org/Rygrams/Redefiningyalue/ExternaDisclosure/TCFD/Resources/Disclostmea-time-of-transitionClimate relatedfinanciatdisclo-
sureandthe-opportunityfor-the-electricutilities-sector

o https:/ivww.gov.uk/government/publications/t#heisinesscasefor-equalityanddiversity-a-surveyof-the-academiditerature,  https:/ivww.forbes.com/sites/to
maspremuzic/2019/06/20/hea-designra-diversity-interventionthatactuallyworks/

% M. Derven,Diversity andinclusionby designBestpracticesrom six globalcompaniesindustrialandCommercialTraining46 (2014):DOI: 10.1108/ICT09-2013
0063.
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Percent of Companies with a DEO Policy Median Five-Year ROE for Companies in Each Group
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Disclosed Policy Did Not Disclose Policy
867

Figure 10: A studyof 890 companieshowsa 2.5%higherreturn-on-equity(ROE)for companieshatdisclosed theidiversityand
equal opportunity(D&EO) policies®®

Anotherissuecurrently underintensescrutiny is that of genderdiversity in corporateboards.Researcthasshowna strong

positive correlation betweencorporatetransparencywhen measuredy ESG disclosuresand the feminisationof corporate
boardsHowever this effectis only observedncethenumberof womenmemberseacha critical mass¥°8Hence thisindicates
the needfor ajudiciousdesignof corporateboards.In addition,theimpactsof genderon corporateESGperformancereeven

morestriking whenoneconsiderghatif ani n s t i CECQhasadaupisterthatinstitution canperformabout9% better than
a medianinstitution® Accordingly, all corporateentitiesformeddirectly from the implementatiorof thisr e p cprogrdmsne
areencouragedb carefullydesigntheir corporateboardsfor optimalgendediversity.

It is essentiathatthe African LIBs industrystrivesfor independenESGreporting.Unfortunately,asit is a rapidly developing
field, thereis currentlyanexplosiveproliferationof independentrameworksfor measuringandreportingthe ESGperformance
of an organisation.In fact, it is estimatedthat over 150 rating systemsexist, and they cover over 10,000 sustainability
performancemetrics®® However,standardisation wileventuallytake place,with effortsin thatdirectionalreadyunderway. In
the meantime possible choicesfor the African LIBs industry could include the Global Reporting Initiative (GRI), Dow

JonesSustainabilityindex (DJSI),and BloombergeSG Score As this is a rapidly evolving area,thefinal decisionoughtto be

left until thetime of implementation.

6 https://justcapital.com/reports/thén-win-of-justjobs

57 M. Taliento,C. Favino,A. Netti, Impactof Environmental Social,andGovernancénformationon EconomicPerformanceEvidenceof aCorporated Sust ai nabi | i ty
A d v a n frangEardpe Sustainabilityl 1 (2019)1738;d0i:10.3390/su11061738.

%8 N. MohamedN.K. Allam, Recentadvancesn thedesignof cathodematerialsfor Li-ion batteriesRSCAdvancesl0(2020)2166221685:https://doi.org/10.1039/

DORAOQ3314F.

%9 M. Philippot,G. Alvarez, E. Ayerbe,J. Van Mierlo, M. MessagieEco-efficiencyof alithium-ion batteryfor electricvehicles:influenceof manufacturingountryand

commodity priceson GHG emissionsandcosts Batteries (2019)23: https://doi.org/10.3390/batteries5010023.

0 https:/ivww.ft.com/content/1244dcegbecl1le9alct51bf8f989972
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5.2 Mineral Extraction and Pre-processing

TheAfrican LIBs industrywill beacustomenof thevariousbatterymineralsthatareminedacrossAfrica. Consequentlymineral
supplychainsareunderincreasingpressurdrom theresponsiblesourcingmovementdemandingertificationfor theprovenance
of minerals. Thassuesn view includefi ¢ o nil n e fialosn.fid h e farathesndneals extracted fronconflict zones
wherethe revenuemay be usedto perpetuatehe conflict, forcedlabour,worst forms of child labour, humanightsviolations,
moneylaundering, corruptiorandbribery.In addition,a morecumbersomeroblemis artisanaimining that,on onehand,has
a big economicvalueto poor communitieswhile on the other, it is subjectto unsafeand abusiveworking conditions.It will
oftenresultin the collapseof mine shaftsandconsequentlgleathshataredifficult to monitor$*

As evidenceof someof the momentuntowardsresponsiblesourcingthe LondonMetalsExchanggLME) publisheda position

paperin October2018? settingout a proposedoathwayfor its listed brands.Thesebrandsare supposedo carry out certified

auditsagainstthe Organisatiorfor EconomicCo-operationand Developmen{OECD) due diligenceguidance foresponsible
supplychainsof minerals fromconflict-affectedandhigh-risk areasandor equivalentstandardThe LME will havethe power

to delist brandsthat do not comply with the new requirementsNotably, the LME position papersingledout cobalt, a crucial

battery mineral, as the mineral demandingthe most urgentattention. This greaterfocus on cobaltis in part becauseof the

Amnesty InternationalReportpublishedin 2016. This reportdocumentechazardousvorking conditionsfor both adultsand

childrenin cobaltartisanaminesin the DemocratidRepublicof Congo®?

It is thereforeencouragedhat the African LIBs industry, asa customerof the mineral supply chains,aimsfor industry best
practicefor responsiblesourcing.In that regard,the LME position paper(and future developmentdrom it) could serveasa
benchmarkfor responsiblesourcingfor the African LIBs industry.In particular,the LME positionpapemrequiresenvironmental
(ISO 14001)andoccupationahealthandsafety(ISO 45001)certificationfor the metalsupplierdto its listed brands Apart from
the LME position paper,other recentinitiatives also exist. Most notably, is the InternationalResponsibleBusinessConduct
Agreemenfor the Metals Sectoré* Thesepositionsfor the bestpracticeframeworksmustbe consultedduring the development
of theAfrican LIBs industry.

Thereis currently significant battery mineral prospectingand feasibility work acrossAfrica. This suggestghe prospectof
emergingand large mining operationscoming onstreamsoon.Suchasthe LME, the African LIBs industry shoulddemand
communityengagemenfrom its suppliersinvolved in thesegreenfieldprojects.thus, it is essentiakto obtaina sociallicense
to operaten casesvhereprojectsimpactindigenouscommunities This canbe accomplishedhroughrecognitionof local land
rights, cultures (e.g.preservatiorof sacredhaturalsites),andtraditionsaswell astheinstitutionsthatsupportthem® Another
importantconsiderationn thesegreenfieldprojectsis the preservatiorof biodiversityandprotectionof certainrarespecies.

5.3 Batt ery Manufactur ing

Thereare two main ESG considerationgor manufacturingin Africa. Theseconsiderationsare the high energyintensity of

batterymanufacturingand productdesignfor a circular economy.Therefore,severalfactorscaninfluencethe overall energy
intensity of the battery manufacturingprocessincluding the cell chemistry,productionvolume, natureof processingsteps
suchasthe useof nanomaterialsvhich areknownto increaseenergy demandindprocesoptimisation.This meanghatthere
is highvariability in batterymanufacturingenergyintensity. Theimpactof agivenenergyintensityongreerhousegasegGHG)

& https://edition.cnn.com/2019/02/18/af ricalzimbabwe-mine-disaser-intl/index.html

2 https:/www.Ime.com#/media/Files/Newnitiatives/Responsibi&ourcing/

% https:/www.amnesty.org/en/documents/afr62/3183/2016/en/

5 https:/www.imvoconvenanten.nl/metallurgisch?sc_lang=en

% A Vision for a Sustainabl@atteryValue Chainin 2030: Unlockingthe Full Potentialto PowerSustainabl®evelopmenandClimateChangeMitigation:
http://lwww3.wefo rum.org/docs/WEF_A_Vision_for_a_Sustainable_Battery Value_Chain_in_2030_Report.pdf
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emissionsis also highly variable predicatedupon the carbonintensity of the electricity mix employedto power the plant.
Furthermorethe averageghat have beenreportedfor the industry are 328 kWh cumulativeenergydensityand 110 kg CO2
equivalento producel kWh of batterystorage®

In addition to optimising the manufacturingprocessthe overall eccefficiency of battery manufacturingcan be increased
considerablyby optimisingthe renewablecontentof thep | a supply slectricity mix. With an optimal electricity mix, GHG
emissionsaaslow as39.5kg CO2eq/kWh havdeenreporte®” Most importantly, theachievableecoefficiency may be a vital
factorin decidingthelocationof the batterymanufacturingplant. Ideally, the plantshouldgeneratet leasta substantiapart of
its renewableenergydemand.

The batterymanufacturingprocessshouldaim to designboth the cells and packsfor productcircularity to ultimately support
transitionsto circulareconomiesA circulareconomyis definedas a regenerativesystemin which resourcenput and waste,
emission,and energyleakageare minimised. This is accomplishedy slowing, closing, and narrowing materialand energy
loops®® Theprocessesf loop narrowing(increasingresourceefficiency), slowing (extendingproductservicelife), andclosing
(closing theloop between postiseand production)is meantto optimiseresourceflows throughclosedloop supplychains,as
shownin Figurell.

Closing resource flows

Lin¢ar Flow Circular flow
Life extension - lincar Life extension - circular

Slowing resource flows

Figure 11: Circular economy:Thetransitionfromthetraditional linearflow to thelongestclosedloop possibldor a givenproduct®

In practice, the transitionsin Figure 11 are achievedthrough product repair and maintenancereuse and redistribution,
refurbishmenaindremanufacturingrecycling,andcascading@ndrepurposing® Most of theseoperationsrealreadyconsidered
standardpracticefor the LIBs industry. Therefore the African LIBs industry canleapfrogin circular productdesignand

% J.F.PetersM. BaumannB. Zimmermann,). Braun,M. Weil, Theenvironmentaimpactof Li-lon batteriesandtherole of key parameter$ A review,Renewableand
Sustaina ble EnergyReviews67 (2017)491-506.

7 https:fivww.iea.org/reports/globanergyco2 statusreport2019/emissions.

% 0. VelazquezMartinez,J. Valio, A. SantasaleAarnio,M. ReuterR. SernaGuerreroA Critical Reviewof Lithium-lon BatteryRecyclingProcesseomaCircular
Economy PerspectiveBatteriess (2019)68: https://doi.org/10.3390/batteries5040068.

% |. Esparragozal. MesaCogollo,A casestudyapproacho introducecirculareconomyin sustainablelesigneducation/nternationalConferencen Engineeringand
Product DesignEducationSeptembe2019,Departmenbf Design,ManufactureéAad EngineeringlanagementJniversityof StrathclydeJnitedKingdom:DOI:
10.35199/epde2019.3.

70 X. Zeng,M. Li, D. Abd EIHady, W. Alshitari, A.S. AIBogami,J.Lu, K. Amine, Commercializatiorof lithium batterytechnologiegor electricvehiclesA Review,
AdvancedEnergy Materials9 (2019):https://doi.org/10.1002/aenm.201900161
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shouldstrive for certification. Furthermorewhile circularity indicatorsare still an active areaof research: the certification
schemeofferedby the Cradleto-CradleProductinnovationinstitutemight currentlybe a viable pragmaticchoice’ Thus,a key
aspectis that the whole LIBs industry needsto be viewed as an entire ecosystenproducingeconomic,ecologic,and social
value. This can be done so that the manufacturingsector cannotbe optimisedin isolation from both the upstreamand
downstreanoperations.

5.4 Distribution, Second Life, Recycling, and Disposa

Thereis an ethicaldifficulty that ariseswith the warrantyfor a productthat undergoesefurbishing,repurposingand second
life. Thisis especiallysofor LIBs becausef their complex safetyssuesFor instancethe questionsor consideration include
the onewho musttakeresponsibilityif a batteryin a second lifeapplicationexplodes withdamaging consequences. However,
the answerdependson the businessmodel adoptedby the industry. The key lies in a clear frameworkthat delineatedegal
responsibilityamongthevariousplayersof thevaluechain.

What is mostimportantis that LIBs mustbe safe at every stageof the value chain, optimiseresourceutilisation efficiency,
minimiseharmto theenvironmentandbetransformativeo thesociceconomidabric of Africa throughempowering/ulnerable
groups. Furthermore the various operationsof the LIBs value chain must developlocal infrastructureand talent and pay
attentionto vulnerablegroups.The African LIBs industry must strive to deliver an economiclevel of electrificationto the
impoverishedAfrican communities.Ilt must also be capableof supportingsmaltscaleto mediunmscale entrepreneurship.
Finally, hopeis not only for thesecommunitiesto be electrically independentHowever, it is for themto eventuallybecome
prosumer®f theelectricityindustryandbeableto earnrevenudrom theirown powergeneratioractivities.

5.5 Conclusion

While developingNGBs, thereis a needto developa robustESG paradigmthat will guideits impactacrossthe continent.
Successfully developing an ESG for the African continent will greatly improve Af r i LiBsO6imdustry for better
sustainabilityand businessethics. Therefore, the LiBs industry is encouragedo aspire towards a vision of the highest
ethical motivation. This meansthat the African continentcan developa businessmodel embeddedn stakeholdedialogue,
participation,and collaborative heritage. Therefore,the African LIBs industry has a distinct prospectto catapultits ESG
performanceThis canbe accomplishedhroughappropriatedesignwith respecto structuraland policyframeworksfrom the
outset.

" F. SaidaniF.X. Hutter,R-G. Scurtu,W. Braunwarth,J.N.Burghartz Lithium-ion batterymodels:acomparativestudyanda modetbasechowerlinecommunication,
Advancesin RadioSciencel5(2017)83i 91: https://doi.org/10.5194/a155-83-2017.

72 M. ChouchaneA. Rucci,T. LombardoA.C. NgandjongA.A. Franco Lithium ion batteryelectrodegredictedrom manufacturingsimulations Assessinghe
impactof the carbonbinderspatiallocationon the electrochemicgberformancejournalof PowerSources144(2019)227285:
https://doi.org/10.1016/j.jpowsour.2019.227285.
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Strategy, Research, Development and Innovation

6.1 The Strat egic Perspective

Therearetwo high-levelexpressionsf theurgentaspirationfor humandevelopmenandsustainabilitythathavea directbearing
onAf r istaedysn nextgeneratiorbatterytechnology.Thefirst aspirationis theU N 6S®G 7 thatdefinesthreetargetsby
2030. The first targetis to ensureaccesdo affordable,reliable, sustainableand modernenergyfor all. The secondtarget
is to substantially increasthe shareof renewable energiyn theglobal energymix. Thethird targetis to doubletheglobal rate
of improvementn energyefficiency. Furthermoe, the secondaspirationis the A U 6Agienda2063 with specificreferenceto
five goals.Goal 1 offers Africans a high standardof living, quality of life, andwell-beingfor all. The second goais ensuring
well- educatectitizensand skills revolution underpinnedby science technology,and innovation. The third goal is offering
Africansto havehealthyandwell-nourisheccitizens.The fourth goaltalks to transformedAfrican economiesandjob creation.
The seventh goals that Africa must be environmentallysustainableand have climateresilient economies.Although the
specific targetsaredifferent, thereis a congruencybetweenSDG 7 andthe selectedyoalsof Agenda2063.SinceSDG 7 hasa
closertimeframejt offersamoremeaningfulreferencdor assessingrogresgowardsachievingtheseaspirations.

A recentreview of SDG 7, accordingto the Policy Briefs in Supportof the First SDG 7 Review at the UN High-Level

Political Forum (2018), concludedthat while North Africa is on track to achieveuniversalelectrificationby 2030, the sub

Sahararmfrican regionwill fall short”In particular,the report statedthat by 2030, therewill be 590 million peoplewith no

accessto electricity and 900 million with no accessto clean cooking in subSaharanAfrica. However, this is somewhat
surprisingconsideringthe concertednternationalresponsé¢o SDG 7 with over 60 foreigninitiatives beinglaunchedo support
electrificationin Africa.”* However,examiningthe biggestof theseinitiatives, PowerAfrica,” a US Governmerded initiative,

givesatleastsomecluesfor thislack of successThep r o g r atangetefdnsreasingnstalledgeneratiorcapacityby 30 GW

by 2030doesnot considerplantretirements During the retirementtime, the powergeneratiorfalls far shortof the generation
requirementdo electrify the 650 million of unelectrifiedpeople.Additionally, thep r o g r aancouniingof electrificatian

ratesincludesmereaccesgo anelectriclanternwhich, in fact, is not eventier 1-level electrification.Overall,theabsencef an

overarchingcontinentaktrategyis oneof themainobstaclego electrification?®

Thesefailures demanda returnto the fundamentaldo examinethe natureof the problem methodicallyand rigorously. This

includesinvestigatingwhy Africa remainsunelectrifiedand analysingthe underlying causesof suchanomaliesUnlessthese
causesareexplicitly identified and addressedhieadon, any efforts towardselectrificationof Africa will continueto fall short.
While thereis a generalacknowledgemerthatthe problemis complexand multifaceted,t alsoremainsapparenthatthe LiBs

for NGB technologysolutionsare not affordable.However,Africa mustanswerthe questionthat, why arethesesolutionsnot
affordableto Africans whenthe continentis endowedwith the mineralssuitablefor such technologies. Tanswerthis gap,the
two reasongo explainthis phenomenoareintertwined.Forinstancethefirst technologyproblemis thatAfrica doesnothave

s https:/:www.un.org/development/desa/en/news/sustainablegublicationcalls-for-urgentactionon-energyto-achieveglobatgoals.html
7 http://bruegel.org/2017/09/thele-of-internationaiinstitutionsin-fosteringsubsahararafricaselectrification/

S https:/www.usaid.gov/powerafrica

® http://bruegel.org/2017/09/thele-of-internationainstitutionsin-fosteringsubsahararafricaselectrification/
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control of the price point. This is becauseAfrica doesnot own thesetechnologiesat this point. Secondly,the technologies
can be overengineeredor underengineeredfor A f r i recaifements However, either way, they becometoo costly for
Africans and unsustainablef-urthermorethe other challengeis poverty. It hasbeenreportedthat 437 million peoplein sub
SahararAfrica live in extremepoverty,characterisetdy living by lessthanUS$1.90/dayln addition,it hasbeenprojectedthat
9in 10 peoplewill live in extremepovertyin sub-SahararAfrica by 203077 Therefore Africa needgo strategicallythink about
equitableanddeepwealthcreationin Africa, asopposedo cosmetiovealthonly.

Currently,thereis aglobalrevolutionunderwayin electrochemicatnergystorageio supportenergytransitionsowardscircular
economiesand zercemissionsocieties.The global energystorage markes projectedto grow 13-fold to 158 GWh by 202478

At the centreof this revolutionarerechargeabl®atteries (andupercapacitortd a morelimited extent),in particular,lithium-

ion technology.Notably, this revolution hasa direct bearingon the aspirationssummarisedabovebecausef the prospectof

reconfiguringthe economicsof electrificationthroughincreasediseof renewableenergysourceqprimarily wind and solar)
bothin natonal grids and mini-grids (including standalonefacilities), andthe latter for off-grid communities. Thisevolution
needsto be strategicallyharnessedo deliver on the energystorageand electrification aspirationsfor Africa. Yet a serious
technologicalproblemis already apparentin this revolution; the battery technologyis currently directedby the technical
requirementdor electromobility.While thereis someoverlap,theserequirementsstill differ in someimportantrespectfrom

thosefor large  scaleoff-grid electrificationof Africa. Therefore this is a significantstrategidssuethat Africa needso come
to gripswith. Its importancéhasrecentlybeenhighlightedby theWorld Bank Group.

It hasbeenacknowledgedby expertsthatincreaseditilisation of wind andsolarpowerwith robuststoragecanhelpdecarbonise
power systems expandenergyaccessjmprove grid reliability, and increaseenergysystemresilience.However,it hasbeen
furtherreportedthat the requirement®of developingc o u n tgnids aeesidl yet fully consideredn the currentenergystorage
market. This is despitethat theseAfrican countriesmay have the largestpotential for battery deployment.Currently, the
battery marketis driven by the electric vehicle industry. Most mainstream technologies cannot provide long-duration
storageor withstand harsh climatic conditions, and low operationas well as maintenancecapacity’® In particular, the
performanceof mostlithium- ion batterytechnologieslegradesapidly at temperaturegabove25°C andthis necessitatefor
robust cooling mechanismssuitable for hot climates. To addressthis technologicalchallenge,the World Bank Group is
respondinghroughthe EnergyStoragePartnershigProgram(ESP)initiative. Thisis a US$1Binitiative thatis meanto stimulate
and support battery storagesolutions that meet the technical requirementsfor largescale energy storage.Thus, African
governmentsnustbe ableto devicemore methodshroughwhich they canbe ableto addresghis technologicaproblem since
it threatenshe prospecbf large scaleelectrificationof Africa througharobustenergyrevolution.

In this report, some stepsare outlined that may be used by African countriesto addressthe electrification problem of
Africa. This can be coupledwith strategiesof deepwealth creationand technologymastery.It is being proposedthat an
immediateindustrialisatiorprogrammethatdirectly harnessethe currentenergystorageevolutionshouldbe putin place.This
programmeanbeimplementedn afive-yeartimeframe Notably,this strategyentailsadoptingcurrentstateof-the-art lithium-
ion battery technologiesfor local manufacturingcapitalisSng on A f r i keyacdrepetitive advantagewhich is the battery
minerals.Becauseof the natureof the technology this programmeis optimal for the emergingelectricvehicle market.But it
will alsosupportoff-grid electrificationin the meantime The immediateindustrialisationis underpinnedy a broadresearch,
developmentandinnovationprogrammethat aimsto establisha full lithium-ion batteryvaluechainin Africa andeventually
steerbattery technologytowardsthe long-term goal of bespokesolutionsmostsuitedto A f r i eleatrffication. The main
researclpriorities aredefinedfor the first 10 years. Furthermore&omprehensive, coheremtnd responsivepoliciesfor wealth
creationand technologymasteryare a critical ingredientof the entire programme Theseare discussedn detail in the next
chapter.The impetusfor this programmeis the realisationthat the electrificationproblemin fact presentsan unprecedented
technologicabpportunityfor Africa.

" https://blogs.worldbank.org/opendata/numésiremelypoorpeoplecontinuesrise-subsahararafrica
8 https:/irenewablesnow.com/news/glebakrgystoragemarketto-hit-158-gwh-in-202465056 3/
o http:/mww.worldbank.org/en/news/presdease/2019/05/28/nenternationalparnershipestablishedo-increasethe-useof-energystoragein-developingcountries
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To understandhis opportunity,thereis a needto look at the lithium-ion batteryvalue chaincontinentwide asit standstoday.
Figure12 is a simple schematicshowingsignificantgaps,representedtyy the red colour, in the value chain. Notably, the only
partthat Africa controlsis themining andinitial processingDemonstrablythis is only atiny fraction of the total value of the
LiBs value chain. Furthermore,there is also some existing distribution infrastructurefor handling the imported product.
However thistoo falls shortof whatis requiredto supporthe energystoragerevolution. The questiorthat African governments
mustansweris who controls ancbenefits fromthe red segmentsn Figure 12 Addressingthis questiorwill provide technical
strategiesandframeworksthroughwhich African governmentsvill be ableto formulatepoliciesthatwill provideopportunities
for the African people While recyclinganddisposalarelargely still underdevelopmentyith only about9% of thelithium-ion
batterybeing recycled,the mostlucrative part of the value chainin Figure 12 (highlightedin oval) is ownedand controlled
outsideAfrica.

Incredibly, the battery marketis currently dominatedby three Asian playersthat include Japan(Panasonic)South Korea
(SamsungsDI, LG Chem,SKIl), andChina(BYD, CATL). Collectively,they areestimatedo controlabout80% of the battery
storagemarket. There are currently significant activities in Europe and North America to build gigafactoriesfor battery
manufacturingNotably, governmentsaroundthe world are taking swift and decisivestepsto stimulateand supportdomestic
battery manufacturingcapacity. The greatestquestionthat needsimmediateanswersis that what are African governments,
researchergndinnovatordoingaboutthesdoopholessoto increaseheir sharen the batteryenergystoragenarket.

N

Research, Innovation, and Development

Figure 12: Simplifiedschematiof the lithium-ion batterytechnologyvalue chain. Greenboxesare sectorsof the value chain where
substantialinfrastructurealreadyexistswhile noneexistsfor the red boxes.Theyellowoval highlightssectorsthat need tobe created
for the immediateindustrialisationcomponenbf our proposedprogramme Manufacturing includedatterymanagemensystemand
packstechnology.

The gapsin Figure 12 clearly demonstratéhat Africa subsidisesiigh standard®f living for othernationsthroughthe double
whammy. Firstly, this is facilitated by giving away A f r i neireerdlsonly to createa few jobs for Africans. The benefiting
countriescanfurtherindustrialisetheir own nationsat the expensef the African peopleandwealth. Subsequentlythe minimal
incomethat Africa gainsfrom selling mineralsto thesecountriesis usedto buy back her own mineralsin productform at
exorbitantprices.Unfortunately this discrepancyclearly resultsin the nettransferof wealthcreationopportunitiesrom Africa
to othernations.Notably, Africa cannotprospemwhile it continueso haemorrhagevealthto the restof the world with no clear
strategicroadmaptowardsreducingthis anomalyand eventuallystoppingit. In general,nationsthat have managedo pull
themselvesut of povertyin a sustainablevay havedoneso throughmasteringat leastsomeareaof moderntechnology.Thus,
Africa desperatelyjeedgo masteratleastoneareaor someareasf specialityof moderntechnology . The questionis: whereis
thebiggestopportunityfor suchanambitiousendeavouin 21stcenturyAfrica?
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The panelis arguingthat as a continent,Africa has formidable competitiveadvantagesn lithium-ion battery technology.
Endowedwith all the key mineralsrequiredin lithium-ion battery manufacturing Africa canand shouldestablisha full and
viable lithium- ion value chain. This will resultin a shorterand substantiallymore lucrative value chain with numerous
fundamentabenefitsto the African economiesTable3 showedthe levelsof productionandreserveof 6 T 1Big F i Vbattéry
mineralsfor NMC chemistry aswell astheLCO, LMO andNCA.

Table3: The6 B F g \iteidm-ion batteryminerals:African production(2018)andknownreservesDatafor nickelis for
2017.Foreachmineral,datais givenonly for thetop-rankedproduceror holderof thelargestknownreserves.

Minerals Production KnownReserves Country World Ranking
(Metric (Metric Tonnes) (ProductionReserves) (ProductionReserves)

Lithiuma 1,600 70,000 Zimbabwe* 5, *

Cobaltb 90,000 3,400,000 DemocraticRepublicof Conao 1+ 1

Manganeseb 5,300,000 200,000,000 SouthAfrica 1,1

Nickelc 48,000 3,700,000 SouthAfrica 11,6

Graphitea 9,000 17,000,000 Madagascaf,anzania, 9,4

Mozambique

aStatistahttps:/ivww.statista.com/*Quantifying lithium depositss difficult becausét occursin both rock oresandbrines,that
latteris difficult to quantify.blnvestingNews:https://investingnews.contVorld Mining Data:https://www.worldmining-data

The next tier of mineralsfor lithium-ion batteriesincludesaluminium and copper.Theseare primarily employedas current
collectorsfor the cathodeandanode respectivelyIncredibly, thereis a large supplyof thesemineralsin Africa. For example,
thereare 45 million metric tonnesof bauxiteproducedin Guined® and755,000metric tonnesof copperin Zambiain 20178
EvenwhenLFP chemistryis consideredAfrica still boastsan abundantesourcen the two key additionalminerals,iron and
phosphateFor example,SouthAfrica produces80 million metric tonnesof iron ore, makingit the 7th largestproducerin the
world .8 Onthe otherhand, MoroccaandWesternSaharaareranked3rd in the worldat 33 million metrictonnes ofphosphate
productionandholding70%of thew o r Ired&ives?

To capitaliseonthis mineralresourcédase akey strategiamperativefor successs establishinghe entirevaluechainfor battery
technologyunderpinnedy the gigascalemodelof production Althoughwe cannotascertairthe datafor Africa, the Australian
caseis asilluminating asit is compelling.For example Figure 13 exhibitedthe stunningreality thatby only focusingon mining

and processindithium ore into concentratepnly a minuscule0.53% of the value chain was accruedto Australiain 2017.
However Figurel3alsorevealedhattherealvaluecomesfrom electrochemicabroduction batterycell production,andbattery
pack/systems assembly¥his clearly demonstratethata similar could be observedn the caseof Africa and African countries
missingon suchwealthcreationopportunitieswithin thevaluechain.

80 https://fen.wikipedia.org/wiki/List_of countries_by_bauxite_production
8 https://investingnews.com/
82 https:/vww.worldaths.com
8 https://investingnews.com
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Rest of 0.53% of Value Chain Realised by Australia
Aust World

o Bl - - Bl - 0 - B

Electro-chemical Battery Cell Battery Pack/
> Mlne/Concentrat> Refine/Process production > Producto>> Systems Assembly

Hard rock vs Brine LIOH/LI2CO3 WGraphine; Al; Ni; Sinter/Assemble Manufacture,
Cu; Si; Co; etc Deploy, Manage

Figure 13: Lithium valuechain inlithium-ion batterytechnologySource: Future SmartStrategies2018] %

In responséo this realisation Australiais movingswiftly towardsestablishinga full lithium-ion batteryvaluechainby building
manufacturingplantsunderlicensedtechnologiesFor example the Townsville Gigafactory(15 GWh) ProjectandRenaissance
Onein Darwin havebeenestablishedby Australia.Furthermorethereareeffortsin enhancinghe correspondingesearctbase.
ForexampletheLithium Australia,andthe FutureBatteryIndustriesCooperativeResearciCentrearefocusingon suchefforts.
Furthermorethisis closelycomplementeavith afi L i t ¥ & U heageg@yin WesternAustraliathatincludesthe plannedkemerton
Lithium HydroxidePlant.Notably, Australiais aresourcerich continentasis Africa. Thereforejt offersrealisticandinstructive
insightson the trajectory Africa might follow. Hence,Africa needsto declarelithium-ion battery manufacturinga strategic
industryandadopta radicalagendaof industrialisation, researctdgvelopmentand innovatiorcoupledwith a strongenabling
policy framework.In the remainderof this chapterthe proposediold strategyfor industrialisationyesearchdevelopmentand
innovationis discussedT hepolicy frameworkis the subjectof thenextchapter.

6.2 Immediate Industrialisation

In developingthe strategyfor immediateindustrialisationjt seemsmostlogical to first targetthe high-value segment®f the
valuechain.Indeed,this is the approachvidely adoptedn recentprojectsaroundthe world. As shownin Figure 13, the most
valueis in the battery packing andystems assembly linkf the valuechain,followed by batterycell production.Thus, APET
suggestsan initial manufacturingprogrammethat includescell productionand packing/systemsssemblyIn this regard,the
trajectorythatseemso haveworkedelsewherés:

A Build andoperatea pilot plant: Typically, a few can be createdwith a capacityof 100 MWh/yearin size. This usually
requireschoosinga chemistryand then manufacturingunderlicensewith a technologypartner.The costof sucha plant
canbeup to US$200million. Thetimelinefrom feasibility studyto plantcommissionings about18 months.Notably,the
purposeof the pilot plant is to developlocal skills and build the associatedndustrial ecosystemand infrastructure.
Typically, the plantis operatedor at leasta year.Overall, the pilot plantis a critical stageof technologydemonstration
andthefirming up of thebusinessasefor large-scalecommerciamanufacturing.

A Full-scaleplant: To benefitfrom economiesf scale,a capacityof 10 GWh/yearis recommendedwhile it is difficult to
getaccuratenumbers foithe capitalbudgetsfor battery manufacturinglants,it is estimatedhe costabout US$2B witha
timeline of approximatelythree yearsfrom feasibility study to plant commissioning.The cost estimateis basedon
US$200M/GWH® accordingo datafrom the JointResearclCentreScienceor Policy Report(2017)8¢

84 TheLithium-lon BatteryValue Chain,New EconomyOpportunitiesor Australia, Commonwealtiof Australia2018
8 McKinsey Report: https:/ivww.mckinsey.com/industries/edindgas/ouinsights/rechargingconomieghe-ev-batterymanufacturingoutlookfor-europe.
8 EU Competitivenesim Advanced.i-ion Batteriesor E-Mobility andStationaryStorageApplicationsi OpportunitiesandActions (2017).
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A In tandemwith thetwo preceding steps, tlggoundworkfor the associatedhdustrialecosystenandinfrastructures laid
out. Theecosystenncludeselementof bothbackwardandforwardintegrationto fully closethegapsidentifiedin Figure
13. Salientamongtheseare lithium refineries, electrolyte and separatormmanufacturingplants, and other batterygrade
inputsfor backwardintegration.In addition, the distribution facilities, recycling/repurposingand disposalplantssupport
the forward integration.Notably, significantsupportinfrastructuremay be requiredand any critical infrastructuresuchas
power,road,rail, port,andairportfacilities shouldbe providedby thegovernments.

Theimplementatiorof theimmediateindustrialisationprogrammenvolvesgovernmentsestablishedtcompaniesandstartups
ecosystemsTypically, ambitiousstartupsbuild consortiawith establishedompanieshathaveexpertisen variousaspectof

thevaluechain. This shouldbe supported bygovernmentshroughsupportinfrastructure grants,andotherpolicy frameworks
as discussedin Chapter7. Examplesby which this model is being implemented include Northvolt of Sweden, the

Imperium(iM3) consortiumfor the Townsville GigafactoryProject,and Saftin France.In the caseof Saft,the programmeis

implementedhrougha consortiumwith Solvay(from Belgiumwith expertisaén polymerandelectrolytesolutions)Manz(from

Germany, with an expertisein cell and module assemblyequipment),and Siemens(from Germany,with expertisein

manufacturingautomatiornsolutions).Saftis set tolaunchthe massproductionof 3rd generatioriquid electrolytelithium-ion

batteriesn 2020,followed by Generatior8B in 2022,andthen4th generatior(solid-state)oatteriesn 2024% Finally, assuming
a2020startof thisprogrammaen Africa, theimmediatendustrialisatiorprogrammecouldbecompleteby 2025.

6.3 Research, Innovation, and Development (RI&D)

Thescopeof the proposedesearciprogrammespanghe entirebatterytechnologyvaluechainfrom the atomisticmodellingof
materialsto the recyclinganddisposalof batteries Consequentlymulti-sectorcollaborationsare necessaryo supportthe full
researctprogrammeThis demandstightly wovennetworkof co-creatingactorscapableof deliveringa compactandstrategic
researchand developmentigendaThroughthis agendabasicand appliedresearchcan be intimately integratedtogetherfor
seamlesgranslationinto innovativeproducts As discussedh Chapterl0,apragmatigaradigmfor thebestuseof thecollective
resourced thisscenaricappeardo betheTriple Helix institutionalform. This organisationalorm hasdemonstrateds capacity
to acceleratehe developmenbf economicallyviable innovationsthroughthe efficient flow of knowledgeandactionwithin the
innovationecosystemHowever,becausef thegreatdiversity of actorscomingtogetherfor this continentaproject,it is critical
to appropriatelycalibratethe institutional form to the different circumstance®f the actorsasorganisationabnd governance
structurewill varyin eachsituation.

Precisefundingrequirementgor the RI&D programcannotbe readily estimatedvithout detailedknowledgeof its components.
Datafrom othercountriesandregionscan onlybe indicative ascircumstancesanvary widelyfrom oneplace toanother.For
instancethe Europearlynion throughthe EuropearBatteryAssociationis setto directly investt 2 Gn@lion in batteryresearch
andinnovation.On the hand,the British Governmenthroughthe ISCF FaradayBattery Challengeinvested£246 million for
theirRI&D programme.

The researctpriorities are determinedoy the demandsof establishinga viable full value chainfor nextgeneratiorbatteries.
Thus,the component®f theresearch strategpherently sparthe entirevalue chain,asshownin Figures12 and 13.However,
sincethe closingof the gapsin the valuechainis aphasedprogrammethe researclpriorities needto bedevelopedn tandem
andcloselycoordinatedwvith theindustrialisatiorprogrammeFurthermoreijn identifying andimplementingthe priorities, deep
collaborationamongthe threemain actorsknown asgovernmentsindustry, and researchnstitutions,is required.This canbe
carriedmostparticularly by establishingsuitable consortiabetweenindustry and researchinstitutions. This processcan be

87 ReuterBusinesNews,Septembet 2, 2018:https:/www.reuters.com/article/ulutosbatteriessaft
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substantiallyfacilitatedby African governmentsldeally, theindustryshouldleadtheidentificationof researclpriorities asthis
enhanceghe opportunitiesfor commercialuse of the researchprogramme.Since both the industrialisationand research
programmesentail crosssectoraland multidisciplinary componentsa successfulmplementationcalls for a coherentoverall
strategyunderanew andstronginstitutionalframeworkaswill bediscussedh chapterlO.

As aflexible guide, APET suggestthefollowing criteriafor determiningthe researctpriorities:

A Maximal support for the immediate industrialisation programme: The phasing must be appropriately synchronised
with the timeline of the industrialisationprogrammeThis canalsofacilitate the training of thenextgeneratiorengineers
andscientistdor thenascenindustry;

A EnergystoragdocusedAs thereis nobatterytechnologythatcansatisfyall therequirementsf all thedifferentapplications,
it is expectedhatin future,therewill betechnologydifferentiationwith distinctspecialisation$or particularapplications.
Therefore the long-term strategys to developa bespokeplug and forget mini/micro-grid andstandaloneenergystorage
solutions optimised for the African context. Thus, Africa can exclude any significant expenditurein specialised
technologiedor otherapplicationspacesuchaselectricvehicles;

Effective low-costsolutions:Affordability of thefinal productis a key succesdactorfor the electrificationof Africa, and
thisshouldbeprioritised,;

MaximiseA f r istrabegicdvantagem thisindustry;and
Costefficiency: Someprogrammesreciuire minimal upgradego existing infrastructure(see Chapter10) and therefore
presentow-hangingfruit thatshouldbetargeted.

ToT>

In whatfollows, thisreportwill only give preliminaryexampleof aspectshatmaybeconsideredor theresearchgdevelopment,
andinnovationprogrammesNotably, the panelis deliberately refrainingrom prescribingany specificresearchareasasmore

detailedresearclandevidenceaswell asdeepcollaboratioramongall the mainactorsarerequiredfirst, all of which arebeyond

thescopeof thisreport.

6.3.1.1Mining andProcessing

Mining andsomeprocessingirealreadytaking placeacrossAfrica. Theresearcltouldbedirectedtowardstheoverall
efficiencyof resourceextraction recovery anddisposalHowever,heavyinvestmentn this areadoesnotseemmperative.

6.3.1.2 RefiningandProcessingf Battery-gradeMaterials

The extremepurity of morethan99.8%is demandedn materialsfor batteryapplications. Consequentlgdvanced processing
technologies areequiredto meetstringentrequirements. Baseanh researctby the panelandexperts, nonef the main battery
mineralsis currentlybeingprocessedb batterygradequality in Africa. Thisis akeyresearclareathatneedsanadequatgriority

to build manufacturingapacityin this segmenof thevaluechain.

6.3.1.3 Manufacturingof Materials,BatteryCellsandModules

To unlockthefull potentialof the industry,this partof the valuechainmustbe giventhe highestpriority. Currently,this is the
most intellectual property heavy part of the industry, and thereforea technology partneris mandatoryfor initial entry.
Unsurprisingly,it is also the most lucrative segmentof the value chain and our proposedentry point for the immediate
industrialisatiorprogrammeThus,thefoundationfor theeventualucces®f theentireprogrammenustbelaid here. Therefore,
themainresearclprioritiesfall into two broadcategories:

A Advancedbattery materialsresearchThis is a full-strengthprogrammespanningfrom materialsdiscovery, synthesis,
characterisatiorandfabrication.ldeally, only oneor two chemicalcompositiondor batterymaterialswould be selectedo
focuslimited resource®n amanageablscale;and
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A Advancedbattery cell researchThis coverscell manufacturing,module, and pack assemblytogetherwith the battery
managemensystemsand other controls. The stateof-the-art cell manufacturingis a painstakinglydelicateengineering
operationcharacterisedby very slow learningrates.Significant costreductionscan be realisedby bettermanufacturing
technologiesAfrica could evenleapfrogto factory-of-the-future technologiessinceit doesnot yet haveany technology
lock- in barriersto overcomeThe proposegilot plantcouldbeusedasatestbedor someof thosetechnologies.

Theentireprogrammeneedso be supportedy multi-scalemodellingfrom anatomicscaleto themodulelevel. Thisresearch
programmeogethemith theimmediateindustrialisatiorprogrammeconstitutesnostof thehigh-valuejobsin thisindustry.

6.3.1.4ProducDistribution

Mapping out existing distribution channels and performing projections of future requirementsis necessary.
Furthermoredevelopingrigorousmodelsfor efficient productdistributionandwastecollectionsystemdor theentireindustry
is also vital.

6.3.1.5 Second.ife, Recycling,andDisposal

Itisessentialodevelopsolutionswith arecyclabilityandsustainabilityprofileto promotesventuatransitiongocirculareconomies.
This may be carriedout with anemphasisn an adaptedorm of the 3R strategyconsistingof i r e ufisreedma nu f andt ur i n g
fi r e c §¥lothiscaseresearchs requiredto establishappropriataecyclinganddisposakechnologiegssentiafor usedLIBs.
Furthermoretherecycleanddisposabktreanwill includebatterieghatarenotmanufacturedh Africa meantfor electricvehicles
and otherapplications.Thus, extendingthe servicelife of a battery significantly enhancests sustainabilityprofile. After the
normaluseof about10 years,an EV batteryretainsabout80% of the nominal capacity. Therefore,it canbe viable for less
energy demandingapplicationssuchasresidentiabuildings® Additionally, to befit for this secondanapplication the battery
packhasto betested refurbishedandrepurposedlt is knownthatthe useof aretired EV batteryin a differentapplicationis
calledits secondife andmay extendits overallservicelife quite considerablyasshownin Figure13. Forexamplewith an18-
yeartotal battery life, thesecondife usemay beup to 8 years. Thusthis clearly reduces theverall raw materialgtensity of
theindustry?®

Figure 14: Extendingoatterylife throughsecondlife applicationsbeforerecycling;thus,creatinga circular economyor batterytechnology*

8 M. Kurdve,M. ZackrissonM.l. Johansson,B=bin, U. Harlin, ConsiderationsvhenmodellingEV batterycircularity systemsBatteries5 (2019)40:
https://doi.org/10.3390batteries5020040.

8 S.Arens,S. SchliitersB. Hanke K. vonMaydell,C. Agert, Sustainabl®esidentiaEnergySupply:A LiteratureReviewBasedMorphologicalAnalysis,Energiesl 3
(2020)432: http://dx.doi.org/10.3390/en13020432.

% L.C.CasalsB.A. GarciaM.M.G. Benitez,A costanalysisof electricvehiclebatteriessecondife businessesonferencéPaper,July 2014,DOI:
10.13140/2.1.2046.8488ttps:/www.researchgate.net/publication/266322044.

1 S.Bobba,F. Mathieux,G.A. Blengini, How will seconduseof batteriesaffectstocksandflows in theEU? A modelfor tractionLi-ion batteriesResources,
Conservatiomnd Recycling,145(2019)279-291:https://doi. org/lO 1016/j.resconrec.2019.02.022.
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