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Thank you for

¢ The kind invitation
¢ Always a pleasure to visit beautiful Italy



Outline

¢ How did we end up to where we are?
¢ What is the way out?
¢ Why is it so hard?



1. How did we end up here?




The Industrial Revolution




The Iron Bridge
1781

.......................




Smoke = Progress




Global Carbon Emissions from Fossil Fuels, 1900-2014
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... and the result

Latest CO, reading 4 1 5 5 O
May 13,2019 . ppm

Carbon dioxide concentration at Mauna Loa Observatory
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Source: Scripps CO2 Program at the Mauna Loa Observatory in Hawaii



2. How do we get out?

¢ Energy transition

s Electrification

= Supplied by renewables
¢ Different than the past



Electrification + Renewables

Electrification and
the Future of

Decentralized
Electricity Supply

— r 1]
Fersidoon Sioshansi




Global GHG emissions, 2023

Energy related 68%
= Electric Power Generation 26%

= Transport 15%

= Industry 11%

= Fuel production 10%

= Buildings 6%

Industrial Processes 9%

Agriculture, forestry, land use, waste, other 23%
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Electrification is key

Power generation => Renewables

11% road transport => Electrify

Industrial processes=> Electrify

Fuel production=> Diminishing

Buildings => Heat pumps, efficiency
Agriculture, forestry, land use=> Hard to abate
Resort to CCS for net zero



US Energy Flow, 2023
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Fossil fuel combustion
Inherently inefficient

Primary energy 93.6 quads
Useful energy 32.1 quads
Conversion efficiency? 34%
Wasted? 61.5 quads
Why?

= Thermal power plants
e 32 quads in; 13.3 quads out
e Rest is wasted heat
= Internal combustion engines
e Most of energy is wasted as heat



82.5%

+ Fossil fuels in US energy mix
* We have a LONG way to go

= Many additional obstacles remain
+ Technical, financial, political

+ Especially now!
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Different transition needed

2050 Energy Mix at 170,000 TWH-u pa:
Solar =75,000 TWH
Wind =10,000 TWH

Gas = 35,000 TWH-u = 500 befd
Oil = 23,000 TWH-u= 85Mbpd
Coal = 14,000 TWH-u =5 GTpa
Nuclear=7,000TWH

Hydro = 6,000 TWH
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3. Why is it so hard?

Electrification is hard
= E.g., electricity prices high
= E.g., EV charging infrastructure inadequate

Renewables are intermittent
= Need storage, transmission grid

Costs more & rakes long time
= Transmission lines, permitting

Powerful fossil fuel lobby
Short-term pain vs. long term-gain



California is trying




California Duck Curve

The actual earlier & worse then predicted

California’s duck curve is getting deeper P
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And it is NOT easy

How California powered itself in April 2024
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Thank you

+ Happy to answer questions
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