U.S. DEPARTMENT OF

(515 {c) 4

oftecot DOE Battery Efforts and VTO Energy
Storage Portfolio

Samm Gillard
samuel.gillard@ee.doe.gov

March 10, 2021




Electric Vehicle Battery R&D (EERE/VTO)
FY2021 Battery R&D Budg#i15M

BY 2025, reduce the cost of EV battery packs to less than $100/kWh, and increase range to 300
miles, and decrease charge time to 15 minutes or less.

Reducing Costs for Batteries
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Anticipated Rise in Electric Vehicle Purchases

Electric Vehicle sales in millions
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EVs will dominate the demand for ldon batteries

Electric Vehicle sales in millions Gigawatt hours (GWh)
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Global Mining of Materials for Lithiumlon Batteries (animated)

2014 -2018 (Animation) In 2019, 41 countries accounted for
! all global production of Li, Co, Ni, Mn

and Graphite, with > 50% of
production of three elements (Co,
Graphite, Li) originating in one
country.
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Cobalt Supply Chain

The majority of cobalt is produced in
the DRC and is processed in China, fo
both battery and steel manufacturing.
Once cobalt goes to China, very little 0
it is made available for battery

manufacturing elsewhere. Cobalt
flowing through the U.S. supply chain
primarily comes from steel recycling
operations, with a small amount of
domestic mining in Michigan and from
mine tailings in Missouri.
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Chinads Outsized I mpact on the Sup

Where does China’s dominance lie in the BENCHMARK
lithium ion battery to EV supply chain? INTELLIGENCE

China's share of production % in full year 2019*

Mid Stream Mid Stream Downstream
Chemical Refining Cathode & Anodes Lithium ion Battery Cells
*Lithium, Cobalt, Nickel, Graphite, Manganese, Cathode, Anode, Cells accounted for in calculations Source: Benchmark Mineral Intelligence
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Manufacturing Emissions by Country

LiHon battery LCA result regional variation: country specific GHG emissions

120

=

E 100

T

2 m Other

o 80 :

§ B Cell Production & Pack Assembly

% O Electronic Parts

& 60 _

O O Aluminum

@)

2 40 ® Other Cathode

E o Cobalt

H B
AOt hero i ncludes g
electrolyte, PVDF, plastics, steel,

0 insulation, and coolant.
us China Japan Korea Europe gngr;yhu seerand S]Oan —tNi?Cc(; deo in

reagents.

Source: Kellyet al., Mitigation and Adaptation Strategies for Global Change, 2019.
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US Competitive Position in Lithium Batteries

STRENGTHS

OPPORTUNITIES

U.S. DEPARTMENT OF ENERGY

Market-leading vehicle manufacturers
and battery companies

Skilled labor

R&D and manufacturing innovation
Natural resources

Strong trade partners

Access to capital

Expected rapid growth of the
battery market

Job creation
Economic growth
Global boost to U.S. auto industry

U.S. manufacturers capable of
responding to federal support

OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

Lack of industrial policy and
national strategy

Easy access of competing nations
to U.S. market

Lack of integrated national/regional
supply chain

Labor costs and environmental policy

Predatory pricing from foreign
competition destroys
domestic manufacturing

Vulnerability to supply disruptions
Vulnerability to price hikes

Limited number of domestic cell
manufacturers

SASSANMVIM

S1VidHL



Federal Consortium for Advanced Batteries (FCAB)

NewFederal Consortium on Advance Batterie§~CAB) established in 2020 Raw Material Focus: Cobalt, Lithium and Nickel

A Purpose: Establish a domestic lithium battery materials and technology AReduce/Eliminate Cobalt needed for EV
supply chain batteries
A 17 Federal Agencies: DOE (EERE Chair), DOC, DOD, DOS, and CIA are leadEstablish domestic supplies (Li, Co, Ni) and
A Drafting a National Battery Strategy refining/processing capacity
A Identify key actions that the Federal Agencies will take to accomplish ~ AEstablish a sustainable lithium battery
vision recycling and material recovery system

A Technology, Market, and Policy Focus

A Ready March/April Additional FCAB Focus Areas

Lithium Battery Supply Chain Domestic, Global, and

Defense Markets

Raw Materials

Cell R&D and Pack Vehicle End of Life
Manufacturing Manufacturing Manufacturing Recycling

Technology

Materials R&D and Advancement

Production Processing

Technology

Transition across

| Lithium indri
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Intellectual Property
and Knowledge
Protection

Federal Policies and
Authorities
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FCABOs Lithium Ba®@B@ry Bl uepi

Release Dated 06/08/2021

Establishes the collaboration GOALS TO ACHIEVE OUR VISION

framework for Lithium batteries
across the Federal
government.

Secure access to raw and refined materials and discover
alternates for critical materials for commercial and
defense applications

Support the growth of a U.S. materialsrocessing base

Vision for the Lithium-Battery able to meet domestic battery manufacturing demand

Supply Chain

By 2030, the United States and its
partners will establish a secure battery
materials and technology supply chain
that supports long-term U.S. economic
competitiveness and equitable job
creation, enables decarbonization,
advances social justice, and meets
national security requirements.

Stimulate the U.S. electrode, cell, and pack
manufacturing sectors

Enable U.S. enéfdife reuse and criticaimaterials recycling at
scale and a full competitive value chain in the U.S.

Maintain and advance U.S. battery technology leadership by
strongly supporting scientific R&D, STEM education, and
workforce development
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Executive Order 14017 9 HightCapaditycBatieses S

Release Dated 06/08/2021

Stimulate demand for end products using domestically

manufactured highcapacity batteries

¥, Create an estimatedd50GWhbattery demand by
electrifying federal, state and local purchases of vehicles
and busses

¥ Pointof Saley UHEDWHYV IRU FRQVXPHUY DQG RWKHU WD]
incentives for MDHD vehicles and utilities sector

Strengthen responsibhsourced supplies for key

advanced battery minerals
¥ Invest in targetedmineral specific strategieswith better

environmental and labor standards
¥, Establish a comprehensiveecycling policy

recommendationto drastically increase battery capture
Promote sustainable domestic battery materials,

cell, and pack production
¥ Incentivize private investment through new federal grant

processes, tax credits, and leverage existing programs

Invest in the people and innovations that are

central to maintain a competitive edge
¥ Increase R&D to meet cost goals and decrease critical

material dependence
¥, Develop workforce and labor standards consistent with

US values
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