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US Goals

Equity & Environmental Justice
Residential Commercial Lrcabiue Clean Energy Jobs
100% Carbon-Free Electricity
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GHG emissions (GtCO.e/year)
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Examples of associated technologies
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Utility-Scale Solar (252 PPAs totaling 15.7 GW)
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We need much more!!

_ 4 Multi-day grid-scale storage at Global Carbon Managemer‘it at GigaTonne Scale
~ S10/kWh

Atmosphl Atmospheric

P 8 Small modular nuclear plants at i, Converting CO, into Carbon Net
. - A I .
S LE ~ $3-4/W construction cost 1», chemicals ind fuels e I
_— Harnessing natural 9
EE== | . . . . -
& Refrigerants with ZERO GWP biological cycle f.:’ni’i,':.ri“ifa
ﬂ:j 7 ‘? Iand,-lrjse

change :
9 AlleSedlydsS

. Zero net energy buildings at e

Zero net cost — i W -

ll Decarbonizing industrial heat (Hydrogen |
I Reimagining steel, concrete and L 1 respiationand
1 . Oll carbon ecomposition

petrochemical processes

| Carbon capture and Net ocean
. uptake
T, geological 2 7
« . . eep ocean
Decarbonizing food : & sequestration (37,000)

“ (10,000) - Reactive sediments
i ; (6000)

& agriculture Arun Majumdil



Long-Duration Grid-ScaIei'S*tqrége

jioakl .

Maximum Storage Capital Cost

[$/kWh]

4
1000} ..... 1000

Maximum Storage
Duration (hAours)

100 | Lowest Limit o
Lithium lon Batter

ey 100

Compressed Air
Storage

10 10
ARPA-E DAYS Program Whitespace
(Electrochemical, Thermal, Hydrogen)
1 1
P. Albertus, 1.5. Manser, 5. Litzelman, “Long-duration electricity storage >
applications, economics, technology,” Joule 4, 21-32 (2020) 0 20 40 60 80 100
*ARPA-E, EERE, OE, SC Annual Electricity from Solar and Wind

Senate Bill in process : BEST on a Regional Grid (%)



a) Charging

b) Discharging
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Department of Energy

Secretary Granholm Launches Energy
Earthshots Initiative to Accelerate

Breakthroughs Toward a Net-Zero
Economy
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GHG-Free Hydrogen (Target = $1/kg-H,)
CO, Capture (CO, Pipelines)
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- Steam (95% of Today) c Blue Hydrogen
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GHG-Free Hydrogen

 Bulk H, Pipelines Unlikely to Happen; Ammonial! Today $3-5/kg-H,
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Carbon Capture
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Metal-organic frameworks (MOFs) for cooperative binding
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Atmospheric Carbon Dioxide Removal
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Key Recommendations °

Deploy current technologies BUT ensure we don’t lock-in to current technologies
that could become obsolete.

Innovations and breakthroughs in energy technologies are essential to reach net-
zero emissions for US and global economies

Use-inspired sustained R&D effort (science to systems w/ feedback loop) is critical

To achieve economy wide scale with urgency, acceleration of innovations require
policies to reduce barriers and risks along innovation value chain.

Risks, Barriers & Constraints

: Access to
Economic Supply Chain,
IECh.T)?II.Ogy Viability Manufacturing Regulatory Low-Cost Markets
=kl & Infrastructure Capital
Pre-Venture Venture Private Capital

Govt. R&D Capital Equity Markets




	Slide Number 1
	US Goals
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Long-Duration Grid-Scale Storage
	Slide Number 7
	Slide Number 8
	GHG-Free Hydrogen (Target = $1/kg-H2)
	Carbon Capture
	Atmospheric Carbon Dioxide Removal
	Key Recommendations

