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Ever-cheaper renewable energy technologies give electricity the edge in the race to zero.

International
Energy Agency

Qur pathway calls for scaling up solar and wind rapidly this decade, reaching annual additions
of 630 gigawatts (GW) of solar photovoltaics (PV) and 390 GW of wind by 2030, four-times
the record levels set in 2020. For solar PV, this is equivalent to installing the world's current
largest solar park roughly every day. Hydropower and nuclear, the two largest sources of

low-carbon electricity today, provide an essential foundation for transitions. As the

electricity sector becomes cleaner, electrification emerges as a crucial economy-wide tool

for reducing emissions. Electric vehicles (EVs) go from around 5% of global car sales to more
than 60% by 2030.
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IEA in 2020: "it would be wrong to cut investment in oil
and gas because it will still be needed for years to
come"

Fatih Birol in 2020 “Our message to the oil industry
here in Houston is invest, invest, invest”.

IEA in 2021: Ignore what | said in the past!
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RECENT POSTS: < > Electric Vehicles May Fall Victim to Their Own Success

Energy crisis looms as forecasts ignore US shale oil quality
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Oil market's missing link is The Endless Iranian
Dr. Anas F. Alhaijji OPEC’s oil consumption! Nuclear Crisis

Energy Geopolitics »




2021 Annual Energy Paper

» J.P.Morgan c
and one that supports the “decarboniza

» The paper examines the technological and economic barriers to the goal a
decarbonization. Author Michael Cembalist worked with Vaclav Smil, who wrote
over 40 books on energy, emeritus professor University of Manitoba.

» Robert Lyman, Canadian energy economist has written a short summary of
highlights of the JP Morgan report called “Speed Bumps on the Road to
Decarbonization”

JPEMorgan

https://privatebank.jpmo om/ ontent/

dam/jpm-wm- /
O V E R V | E W aem/global /cwm/en/insights/eye-on-the-

market/ future-sh;afk—ipmwm.pdf



https://privatebank.jpmorgan.com/content/dam/jpm-wm-aem/global/cwm/en/insights/eye-on-the-market/future-shock-jpmwm.pdf

JPMorgan

Asset Management

Michael Cembalest
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Michael Cembalest

34  vyears with 1.P. Morgan 35  yearsin the Industry

Michael Cembalest is the Chairman of Market and Investment Strategy for J.P. Morgan Asset Management, a global leader in investment
management and private banking with $2.2 trillion of client assets under management worldwide (as of September 30, 2019). He is respansible for
leading the strategic market and investment insights across the firm's Institutional, Funds and Private Banking businesses.

Mr. Cembalest is also a member of the J.P. Morgan Asset Management Investment Committee and a member of the Investment Committee for the
J.P. Morgan Retirement Plan for the firm's more than 256,000 employees.

Mr. Cembalest was most recently Chief Investment Officer for the firm's Global Private Bank, a role he held for eight years. He was previously head
of a fixed income division of Investment Management, with responsibility for high grade, high yield, emerging markets and municipal bonds.

Before joining Asset Management, Mr. Cembalest served as head strategist for Emerging Markets Fixed Income at J.P. Morgan Securities. Mr.
Cembalest joined J.P. Morgan in 1987 as a member of the firm's Corporate Finance division.

Mr. Cembalest earned an M.A. from the Columhbia School of International and Public Affairs in 1986 and a B.A. from Tufts University in 1984.

michael-cembalest


https://am.jpmorgan.com/us/en/asset-management/institutional/bios/michael-cembalest/

NET ZERO — COST BENEFITS AND
COMPLICATING FACTORS




Global greenhouse gas emissions by sector G
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substantially more.

ELECTRIC VEHICLES e
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» highest number of vehicles of 875 per 1,00
population

» lowest public transit usage (12%)

E LECTR | C VE H |C I_E » lowest gasoline prices ($3.(?5 per
P R | C E GAP » lowest EV market penetration.

» For these reasons, it is ufirealistic to expect a
rapid pace of EV growth in this market.



» A recent Princeton U study on full decarbonization would mean:

» expanding present wind and solar generation capacity by 14
times

» expanding electricity transmission capacity by three to five times.

» The base case cost of expanding the transmission capacity by that
amount is $76 billion per year, which is three times higher than
current levels of transmission investment

» Texas alone would have to spend $150 billion on transmission
from 2020 to 2050, and California over $120 billion. New Jersey,
New York and Massachusetts would be the next largest

» The only thing NIMBYs hate more than pipelines are powerlines.

ELECTRICITY TRANSMISSION

US transmission infrastructure
Thousands of gigawatt-miles

1,200

1,100 1 ePrnceton Net Zero

@ Historical

Base case: no CCS (2050) @

Base case (2050) @
Base case (2040) @

® Base case (2030)
Dept. of Energy UT Austin g 2020
——

1978 19868 1998 2008 2018 2028 2038 2048

Source: DOE, UT Austin, "Net Zero America®, Larson et al., Princeton. 2020.

Princeton plan transmission required by state
Top ten states sorted by required investment from 2020-2050

Texas
California

m Bulk transmission
m Solar connections
m Onshore wind connections
m Offshore wind connections

$60 580 5100 $120 5140 3160
2018 USS$, billions

Source: "Net Zero America", Larson et al., Princeton. 2020.



» The Princeton study proposed the building of 850 million tonnes
of carbon dioxide storage per year and moved via 65,000 miles of
pipeline infrastructure.

» The gas would be sequestered underground, not used for CAR BO N
enhanced oil recovery.

» This compares to current U.S. infrastructure of 5,280 miles and CAPTU R E AN D

80 million t ’ tl df h d oil
recgﬁvlelrc\)/f’] onnes per year, mostly used 1or ennanced ol STO RAGE
Academic papers on carbon capture (C CS)

Number of papers published per year Princeton CCS proposal for the US
1,200

Buildout = 850 million tonnes of CO, stored per
1,000 year via 65,000 miles of pipeline infrastructure
Supercritical CO, storage = 800 kg/m?
Supercritical CO, stored per year = 1.1 billion m’

800

600 US annual oil production
400 2019 = 746 million tonnes distributed and

refined across 190,000 miles of pipelines
200 Density of oil = 1.15 m? per tonne
0 US annual oil production = 858 million m*

1965 1975 1985 1995 2005 2015
Source: PubMed. 2020.
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» After 20 years of planning, subsidies, and politic
2020 carbon capture and storage facilities stored just 0.1% of globz
emissions.

CCS REALITY CHECK



requirements by regenerating
claim another 11%-17% of global primary energy.

together, NaOH electrolysis plus regeneration would require 15%-24%
of global primary energy to capture 25% of CO2 emissions

» A last nail in the coffin: 2,400 — 3,800 kWh per tonne of captured CO2
via DACC would be needed before whatever energy is required to
actually store the CO2 underground; DACC energy needs appear to be - —
6-10x higher than traditional CCS energy estimates, a process which Carbor esign fo capture 1milion tons of CO2 per year,
itself is stuck in neutral.”

In the fight to slow down climate change, few ideas generate more hype,
scorn, and desperate hope than capturing carbon dioxide from the air. Critics

https://spectrum.ieee.org/energywise/energy/e nt apt

DIRECT AIR CARBON DIOXIDE =~ =i
CAPTURE (DACC)



https://spectrum.ieee.org/energywise/energy/environment/capturing-carbon-dioxide-from-air-could-be-done-for-100-a-ton
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Industrial sectors with high electrification potential Industrial sectors with medium/low electrification potential

Fuel consumption shares Fuel consumption shares
Heat Process Heat Process
requirement HVAC Heat CHP Sector requirement HVAC Heat CHP
Pnmary metals ex steel 1200°C : Food/beverages 120*C-500°C
Fabricated metal 430°C-680°C Chemicals 100°C-850°C
Machinery 730°C ) Pulp and paper 650°C
Secondary steel 1425°C-1540°C Mon-metallic minerals  870°C-1600°C
Wood products 180°C Oil/coal products 220°C-540°C
Wehicle parts (drying) 150°C
Plastics and rubber 260°C
Source: LBNL, "Electrification of buildings and industry ", March 2018. Source: LBML, "Electrification of buildings and industry ", March 2018.

The challenge: low/medium electrification potential sectors use 2.5x the energy as high potential sectors.
Even if we assume that all sectors are eventually electrified using new technologies®, there’s still a large increase
in cost. In addition to upfront switching costs, industrial companies would face costs per unit of energy that are
3x-6x higher for electricity than for direct natural gas. Electric heating efficiency gains vs combustion could
offset part of this cost, but not all of it.

DECARBONIZING THE INDUSTRIAL
SECTOR




» So-called “sustainable” aviation fuels (i.e. not made from oil) are made from used
cooking oils, solid waste and food waste.

» Less than 200,000 tonnes of sustainable aviation fuels were produced globally, equal
to less than 0.1% of commercial airlines jet fuel consumption (2019).

» Even if all the currently announced sustainable aviation fuel projects were completed,
volumes would reach just 1% of expected global jet fuel demand in 2030.

SUSTAINABLE AVIATION FUELS<
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to four times faster.

Given the current state of battery
technology, the electric version of the
Maersk ship would have to dedicate 40% of
its cargo capacity to the batteries
themselves

ELECTRIFYING CONTAINER SHIPS
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» Thus, RNG could offset about 2.5% of annua
e, = U.S gasoline demand. This is without /

Image licensed from ConSidering the UndOUthdly much hlgh 4
Shutterstock. costs of the RNG

CONVERTING METHANE FROM WAGSTE
INTO GAS EQUIVALENTS




will expand on the reaso

» Read our report.

Speed Bumps on the Road to
Decarbonization
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https://blog.friendsofscience.org/2021/05/09/speed-bumps-on-the-road-to-decarbonization-part-1/
https://blog.friendsofscience.org/2021/05/09/speed-bumps-on-the-road-to-decarbonization-part-1/
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