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World’s primary energy consumption, 1990-2023

Fossil fuels provided 81.5% of global primary energy in 2023
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Renewables = wind + solar + geothermal + wave power.

Electrical energy (renewables, hydro, and nuclear) is converted into EJ on an ‘input-equivalent’ basis, assuming about 38%
conversion efficiency in a thermal power station.

Data: Energy Institute Statistical Review of World Energy 2024



Renewables and global energy supply

Fossi

Contribution of renewables to global electricity production (2023)
» Renewables excl. hydro: 15.9%
* Renewables incl. hydro: 30.0%
* Renewables met 74% of net electricity demand growth in 2023

Contribution of renewables to global primary energy supply
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Data: Energy Institute Statistical Review of World Energy 2024



“Energy Transition” or “Energy Addition”?

« Renewables are being added on top of growing fossil energy demand
» Electricity consumption is accelerating faster than renewable sources can provide for it
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Climate change: Energy-related CO2 emissions
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Global energy-related CO2 emissions and
their annual change

https://www.iea.org/reports/co2-emissions-in-2023/

CO2 emissions from fossil fuels increased by
1.1% in 2023

CO2 emissions decrease during periods of
decreased economic activity (Covid-19
lockdowns, 2008 GFC, recession in the 1980s)
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Annual increase of CO2 concentration
at NOAA Mauna Loa observatory

Black lines represent 10-year averages

https://gml.noaa.gov/ccgg/trends/gr.html

Ambient CO2 concentrations increased by a
record high 3.3 ppm in 2023

CO2 reached 425 ppm in March 2024




Decreasing aerosols accelerate global warming

Decreasing human-made
aerosols—such as due to the
reduction of sulfur content in
marine fuels—accelerated
global warming in the past
decade

Global warming in 2010-2023 is
0.30°C/decade, 67% faster than
0.18°C/decade in 1970-2010

The large warming over the
North Pacific and North Atlantic
coincides with regions where
ship emissions dominated
sulfate aerosol production prior
to IMO fuel sulfur regulations

According to some climate
models, the impacts of aerosols
may outweigh the effects of
greenhouse gases

1870-2010 0.18°C /1 10yrs  2010-2023

0.1 0.2 0.5 1 2 5 10 2 10 20 30 40 50 6D 70 80 90

Total sulfate (parts per trillion by volume) and percentage of
total sulfate provided by shipping prior to IMO regulations on
sulfur content of fuels

James Hansen 2024, Global Warming Acceleration: Hope vs Hopium



http://www.columbia.edu/~jeh1/mailings/2024/Hopium.MarchEmail.2024.03.29.pdf

Electric vehicles: Life cycle emissions from BEVs
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https://www.volvocars.com/images/v/-/media/Market-Assets/INTL/Applications/DotCom/PDF/C40/Volvo-C40-Recharge-LCA-report.pdf

WTW emissions from ICEVs, HEVs, PHEVs, and EVs

Comparison of WTW GHG emissions between gasoline vehicles (rows) and PEVs
(columns) at the provincial level in China—the impact of grid electricity mix and climate

PHEY vs. ICEV
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Argonne 2021


https://doi.org/10.1021/acs.est.0c08217

Electric vehicle markets: Global EV sales

Major EV policies in three key EV markets
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« Sales driven by EV policies

BloombergNEF 2023



https://assets.bbhub.io/professional/sites/24/2023-COP28-ZEV-Factbook.pdf

Global EV vehicle fleet
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* A cumulative total of 41 million EVs—including 29 million BEVs—were sold by the
end of 2023, up from just 10 million at the end of 2020.

» Most of these vehicles are still on the road, which means that EVs now make up
about 3% of the global fleet of passenger vehicles.

» China and Europe are home to 80% of that EV fleet.
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https://assets.bbhub.io/professional/sites/24/2023-COP28-ZEV-Factbook.pdf

EV sales share by brand, Q1 2024
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EV market trends: BEVs stabilize, PHEV & HEVs increase share
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China dominates global PEV sales
US annual light-duty vehicle sales by powertrain Rho Motion via Reuters
US EIA
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https://www.anl.gov/esia/light-duty-electric-drive-vehicles-monthly-sales-updates
https://www.jato.com/bev-market-share-falls-january-despite-rise-new-car-registrations/?from_newsroom=true
https://www.eia.gov/todayinenergy/detail.php?id=61344
https://www.reuters.com/business/autos-transportation/global-ev-sales-up-305-september-china-shines-europe-recuperates-2024-10-14/

EV sales by state (Section 177) vs 2026-27 ZEV sales mandates
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Decarbonization of heavy-duty engines & vehicles

* No clear decarbonization pathway for heavy-duty engines
 Electrification mostly limited to some medium-duty vehicles
« A mix of biofuels, H2 fuel cell engines and H2-ICE under discussion

 US EPA Phase 3 GHG emission standards will require that about 1 in 10 new

trucks be electric by 2027, and about 4 in 10 by 2032

» Customer acceptance is heavily weighted toward diesel, as diesel vehicles
have a superior payload, range, and cost

“Long haul trucking, off-highway, rail, marine (...) are all in a
similar state of fuel confusion, indecision and paralysis”

Chris Atkinson, Ohio State / US DOT, @ COMVEC 24

 Biofuel availability is limited by the limited biomass resources
» Most biofuel resources will be consumed by the aviation sector

» Other low-carbon, synthetic fuels—hydrogen, ammonia—face too many
challenges to succeed

14



Battery-electric mining trucks

» Several ongoing demonstration
projects in mining, including
large trucks in open pit mines

« EPCA (AU) “Green Machine”—
an electrified CAT 777 truck

« Atotal of 1,740 kWh battery
capacity

* Increased power from 1,000
hp to 1,120 hp and improved
torque from 4,700 Nm to
5,200 Nm

» Challenges include charging time, operating time for operation,
capacity to haul heavy loads uphill, battery heat management, cost

* Energy density—Cat 777 with a 300 gal (1136 L) diesel tank carries
11,436 kWh of energy

BEV 1,740 kWh €5 Diesel 11,436 kWh
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Hydrogen-powered mining equipment

* Liebherr L566 H
wheel loader

» Liebherr H,
combustion
engine

* Field tests began
at a STRABAG
quarry in Austria

« “Green” or “blue” hydrogen required to reduce GHG emissions

* Nearly all hydrogen produced today is fossil fuel hydrogen, primarily
from steam methane reforming (i.e., from natural gas)

« High pump price of hydrogen is already a barrier for wider adoption of H,

powertrains. E-fuels are likely to be even more costly.
16



Low carbon fuels: Prices

Price less VLSFO, $/t VLSFO-eq.
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Low carbon marine fuels: Price premium over VLSFO

Avg. VLSFO price = $624 per tonne (Oct 2024)
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Resources: Global oil output remains below 2018 levels

Global oil output (crude oil + lease condensate), Mb/d
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US EIA
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https://www.eia.gov/international/data/world/petroleum-and-other-liquids/monthly-petroleum-and-other-liquids-production?pd=5&p=0000000000000000000000000000000000vg&u=0&f=M&v=mapbubble&a=-&i=none&vo=value&t=C&g=00000000000000000000000000000000000000000000000001&l=249-ruvvvvvfvtvnvv1vrvvvvfvvvvvvfvvvou20evvvvvvvvvvnvvvs0008&s=94694400000&e=1706745600000&vb=170&ev=false

Oil & natural gas decline—New projects require more investment

ExxonMobil: If every new car sold in the world in 2035 were electric, oil demand in 2050 would still be 85

million b/d, the same as it was in 2010.

Million barrels per day
125

Global Outlook

100

Mew resources and

75 projects needed

50

Global ol supply with Investment in existing fields

no investment

25

10 20 '30 '40
year

Global oil supply, 2010-2050

ExxonMobil Global Outlook

Global oil demand will reach a
plateau beyond 2030, remaining
above 100 million b/d through
2050—making up >50% of the
world’s energy mix.

Oil production declines naturally
at a rate of ~15% per year—
nearly double the IEA's prior
estimates of about 8%.

This increase is the result of the
world’s shifting energy mix
toward “unconventional”
sources of oil and natural gas.

Unconventional oil resources

require higher CapEx, OpEx—
they provide less benefit to the
economy than conventional oil.
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https://corporate.exxonmobil.com/sustainability-and-reports/global-outlook

Clean energy & mineral resources
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IEA: The Role of Critical Minerals in Clean Energy Transitions
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https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions

Mining and refining of key clean energy minerals

Metal resource mining

0% 20% 40% 60% 80% 100%
Copper Chile Peru China
Nickel Indonesia Philippines | Russia Russia  Australia

Cobalt | Congo

Rare earths China USA Myanmar

Lithium Australia Chile China

Metal refining and processing
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Mining and refining of key clean energy minerals—top three producers in 2020

Data: IEA after the New York Times
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https://www.nytimes.com/2021/11/20/world/china-congo-cobalt.html

Concluding remarks

» World’s energy consumption and its ecological footprint continues to increase.
Renewable energy is added on top of growing fossil fuel energy. CO, emissions,
ambient CO, concentrations, and the rate of warming have all been increasing.

» The approach to decarbonization of transportation varies greatly between
geographical regions and sectors of the industry.

 Electrification of light-duty vehicles—after a few years of rapid expansion—seems to
stabilize at about 10-15% of new vehicle sales (US & EU), with increasing market
share of hybrid vehicles. Remaining issues include EV affordability, charging
infrastructure, grid capacity, mineral resources, and availability of renewable
electricity.

» There is no clear pathway to decarbonization of “hard-to-electrify” sectors, including
long-haul trucking, nonroad, mining, rail, marine and aviation sectors

» These heavy-duty sectors will compete for limited supply of biofuels and other low carbon
fuel sources.

+ Hydrogen and e-fuels face several challenges and are unlikely to see wide-scale
commercialization.

« EVs and renewable electricity are metal and mineral resource-intensive. Access to
resources (minerals & energy) will reflect on the future geopolitical and economic
status quo.



Thank you!

Contact info:

Addy Majewski
DieselNet.com
+1 905-399-4198

wam2@dieselnet.com

2024: Chevron Anchor—20,000 psi technology
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