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Energy & Climate Policy in Advanced Economies
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Much Larger Grid

JOINT INFRASTRUCTURE b\l
Meeting all Societal Goals: Clean Fuels, Including
. — Electrolysis . > e L
Affordable, Equitable, | ™ Delivery Networks
Reliuble, Fi“ﬂﬂ(iﬂ"y — Clean Gen Fuels : %111 i g r 7 ‘ 2
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1. Carbon-Free Electricity Supply
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The average cost of energy in North America
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Supply Side of a Carbon-Free Big Grid

Nuclear(?) Gas Power With CCS/RNG
(?)

L -

pp—Y Distributed h CHP and
: ‘ Geoth I \  FuelCells
SmallHydro _ L Storage District Energy

~New Technolbgies

Large-Scale Storage
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Big Grid Challenges Are Large

Public Funding+Mur}két Reforms
Accelerated RD&D for storage  to Finance Transition

and dispatchahle-generation  +CES or equivalent

Improved Transmission and
__Infrastructure Planning,

__incl. integrated DG Cybersecurity and Resilience
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2. Changing Electricity Use
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Decarbonizing

Commercial Buildings Energy Use

other
13 space heating
25%

office equipment
3%

computing
6%

water heating

7% lighting

total energy use
6,963 trillion Btu

ventilation 10% ¢la
10%
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Building Energy Use

e Electrify Heat in 130mm buildings via Heat Pumps
* Air Source
 Ground Source (geothermal)
* District Heating
e Clean non-electric heat from renewable gas, green
hydrogen

Challenges:

refrigeration ]

* Policies to promote new & retrofits
* Financing is critical: ~S10Tn

BOSTON
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Decarbonizing Industrial Energy Use

EMISSIONS FROM INDUSTRIAL
PROCESSES & PRODUCTION

* Can focus first on big five: steel, cement, chemicals, lime,
Iron & Steel ammonia
25% * Massive R&D -- new technologies, processes, and
materials (530 Bn)
* Policies that promote decarbonization for all industry —
carbon tax insufficient
* “Buy green” incentives seem useful
* Industries need public-private collaboratives

Other
18%

Ammonia
7%

Lime
8%

Cement

24% e Pre-commercial public funding important
Petrochemical
18%
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Decarbonizing Transportation

TRANSPORTATION EMISSIONS

Other

Rail 59

Ships
5 2%

2%

Passenger Cars
41%

Medium, Heavy-Duty
Trucks
23%

Light-Duty Trucks
17%
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Passenger car transition to EV and FCVs underway —
need public and private infrastructure
All other forms of transport need R&D, incentives, and
requirements:

* Airlines and trucking: electricity, H,, biofuels

* Railroads: electricity likely

* Ships: electricity, H,, ammonia
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3. Clean Fuel Supplies
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Carbon Capture, Sequestration, and Use
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Next-gen industrial Low end of gas and Direct air capture at
point-source capture coal point-source scale (assuming no
and storage capture and storage transport costs)

Source: Center for Climate and Energy Solutions report, (2019), McKinsey(2020); Energy Impact Partners
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Construction materials
* Curing concrete
» Aggregate for concrete

* Asphalt

Fuel

Algae fuels

\

1il

Agriculture & food

* Algae-based animal feed
* Proteins
* Microbial fertilizer

/

— CO, —
Synfuels — methanol, /

butanol, syngas, etc.

Plastics
Foams
Polycarbonate
Many other polymers

* Carbon nanotubes
* Graphene

New materials
+ Carbon fiber
...
| ]

Chemicals

*  Preservatives
*  Antifreeze
* Detergents

BOSTON
UNIVERSITY

13



CO, Pipeline Network

2050 totals: 21,000 km trunk lines + 85,000 km spur lines B
(equivalent to ~22% of US natural gas transmission pipeline total) S

E+ scenario 2046 - 2050
929 million tCO,/y e
106,000 km pipelines

Capital in service: $170B

CO2 point source type
@ 02 point sources
#©  RFOCS - power and fuels
@ Cementw cos
0 Natural gas power cos ooyvfue

C0O2 captured (MMTPA)

00006449
& 75144
& 15822
@ a0
Trunk lines (capacity in MMTPA)
—5
w— 156,667
- 2033 ) ) :
- Note: On a volume basis (at reservoir WM R |
pressure), CO, flow in 2050 is 1.3x current ~ad -
U.S. oil production and ¥4 of current oil + ST Hioh Meaduss Carbon
PRINCETON gas pmdﬂﬂﬁﬂﬂ. -:_ I F.nx'i_runmcmul Mitigation
:43w e The Net-Zero America Project S LAt tulartve
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https://environmenthalfcentury.princeton.edu/sites/g/files/toruqf331/files/2020-12/Princeton_NZA_Interim_Report_15_Dec_2020_FINAL.pdf

Hydrogen

Ty

is Versatile, But Must Get Cheaper and Needs Infrastructure

20 B :
[ \ By-product Biomass Imported | A AN Aviation
E y based Hydrogen . E‘ E‘ E‘
R hydrogen
Renewable BUILDINGS ] —
electricity Heavy-duty
Y >
= co, o | P
Electrolyser Fuel cell
l electric vehicles
Grid _
S
Methanation Re-electrification :
Blending (Power to Power) FC Trains
L
Storage l l i;ﬁ
(Salt caverns, | Shipping
starage tanks)
Gas grid | e2=
High-grade-heat Industry TRANSPORT
Source: International Renewable Energy Agency (2018) (>650 °C) feedstock
INDUSTRY
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Large industrial Texas Louisiana
facilities (2017) -

®m  Bulk Chemicals - petrochemicals
B Bulk Chemicals - Hydrogen "
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We Can Do This, But It’s Not Easy

* Projectionsshow a net zero energy system
achievable by 2050
e Electric prices and reliability ~ same(!)
e ~2x+thesize of currentgrid
500,000 to 1,000,000 net new jobs
e Large health and env. justice benefits

 Thechallenges are technical, policy, and
fiscal commitment
e ~2xto~3xincreasein federal R&D —
storage, clean fuels, industrial processes
* Planning and policies to 2x grid and build
H2/RNG/CCS infrastructure
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