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IEA’s World Electricity Generation Outlooks to 2050
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Outlook 2024
. IEA’s 2024 outlook for 2050 is
v 55,000 11,650 TWh higher, a 25% increase -------
g from their outlook three years ago.
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30,000 this increase in IEA’s
outlook is triple the total
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solar PV and wind in 2023. e
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Note: Projection lines represent IEA’s Stated Policies Scenario.
Source: Energy Policy Research based on IEA’s World Energy Outlook data
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Europe vs. U.S. States

S : / Energy Policy
Average Household Electricity Prices (cent/kWh) in Second Half of 2023 '
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1. Hawaii 415  30. Michigan —9.0 59. lowa ——3.7
2. Belgium [ — 3 8.5 31. Slovenia 1 8.3 60. N. Carolina N13.6
3. Germany 37,8 32. Pennsylvania Ms.0 61. Kansas —13.4
4, Ireland 37.2 33. New Jersey 1.0 62. Mississippi 3.3
5. Liechtenstein [ —— 35,7 34. Finland 7.8 63. Missouri —3.2
6. Italy [ 3 5.6 35. Slovakia 17 .7 64. Oregon —3s.o
7. Cyprus 3 2. 1 36. Maryland ——7 65. Montana —12.9
8. California —29.1 37.Wisconsin 6.9 66. S. Dakota —12.7
9. Rhode Island —291 38. Delaware —e.3 67. Oklahoma 2.6
10. Massachusetts IE—28.1 39. Romania I 1 6.2 68. Kentucky —2.e
11. Connecticut —27.8 40. Sweden I 16.2 69. Arkansas —12.3
12. Maine —27.4 41, Nevada —e.2 70. Tennessee 12.3
13. Latvia I 7 .2 u.s. —Te.o 71. Wyoming ——21
14, Czechia I 7 1 42. Ohio ns.8 72. Nebraska s
15. Denmark I 6.6 43. Florida 5.3 73. N. Dakota —7
EU-27 I 0 6. 6 44, Malta I 1 5.2 74. ldaho —7
16. Spain I —— 6.0 45, Moldova 1 5.1 75. Iceland I 1.5
17. Austria I 6.0 46. lllinois —s.0 76. Utah —.4
18. New Hampshire 25,9 47.Minnesota  I———15.0 77. Louisiana ——1.4
19. Greece I 5, 2 48, Croatia I 14.8 78. Washington 1.2
20. Alaska —24.5 49, Alabama —4.6 79. N. Macedonia NN 10.9
21, France I 3.3 50. New Mexico Immmmmn14.6 80. Bulgaria I 10.8
22. New York —22.6 51. Indiana 4.5 81. Norway I 10.7
23. Portugal 2.0 52. Colorado —14.5 82, Serbia I 10.2
24, Vermont 211 53. Texas —4.4 83. Hungary 0 .4
25, Lithuania I 0.7 54, Arizona —a.3 84. Montenegro NN .0
26. Poland I 0.2 55.W.Virginia 14,3 85. Bosnia & H. NNNS.2
27. Estonia 9.8 56. Virginia —14a1 86. Kosovo IS . 1
28. Luxembourg I 19. 3 57.S.Carolina 14,0 87. Georgia I .6
29. Netherlands 0.1 58. Georgia —13.7 88. Turkiye 5.5
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Note: The household electricity prices paid by ultimate customers exclude VAT and other recoverable taxes and levies. The EUR-USD exchange rate of 1.082 (average during the period) is applied.
Sources: EIA, Eurostat, ECB, Energy Policy Research 3



Rapid Deployment of Intermittent Power Can Increase
Power Prices and Lower Resilience
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Residential Electricity Prices (Monthly | Mar 2004 - Mar 2024) @ 32.5
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Residential electricity prices represent the average prices of electricity to ultimate residential customers
Data: EIA



A Tale of Two States: - - .
Electricity é V. /( M

() Residential electricity prices! ) Annual net electricity imports? () Electricity mix
YP y imp y
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California is the top
net importing state,
with >24% of its
supply coming from
neighboring states.

YR LB Among the U.S.
(WA states, only Hawaii
has a higher price

than Californias. Nuclear

Wind &
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US. average - 16.41
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Florida is a

net exporter of Natural
electricity. gas
\ 4
California Florida California Florida Cal. Fla. U.S.

g Energy Policy

' Represents “Average Price of Electricity to Ultimate Consumers.” 2 Net imports/exports are calculated by subtracting retail sales and direct use from net generation.
ResearchFoundation

Sources: Energy Policy Research based on EIA data
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Annual net generation of electricity by fuel type (2003-2023) Resedrch Foundation
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US Electricity Load Growth Forecast: JPMorgan
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U.S. ELECTRICITY LOAD FORECAST (TWh)
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3,000 : “I think next year, you'll see they just can’t find enough electricity to run all

: the chips... Al and EVs are expanding at such a rapacious rate that the
2,500 ; world will face supply crunches in electricity and transformers next

1 ”

+1,400TWh in 20 yrs - year” - Elon Musk
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“[Chips] Are just insatiable in terms of their thirst for electricity ... the more
1,500 information they gather, the smarter they are, but the more information they
gather to get smarter, the more power it takes” - Rene Haas, CEO of ARM
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Source: JPMorgan



Large Uncertainties Remain on Long-term Petroleum Demand 4 Energy Policy
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Oil Demand Outlooks by Select Modeling Groups
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Note: Oil demand in this analysis represents liquids demand, excluding biofuels. ExxonMobil's projections were converted from Btus.
Source: Energy Policy Research based on each group’s most recent outlook (2023-24) 8



Change in Commercial Sector Electricity Sale (2013-2023) 4 Energy Policy

Data: US EIA
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Top 5 Increases (2013-2023)

Texas
Virginia
Oregon
Massachusetts

Georgia

+29.3 TWh
+26.1 TWh
+7.0 TWh
+6.6 TWh
+6.1 TWh
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Top 5 Decreases (2013-2023). »-
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140 Monthly U.S. Natural Gas Production, LNG Exports, and Natural Gas P Researﬁleoundatlon
(January 2000 - March 2024)
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Source: EIA, Energy Policy Research 10



IEA EV Outlook: Historical and Projected EV (Cars) Sales 1 Energy Policy
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Source: Energy Policy Research’s analysis of IEA EV Outlook 2023 11



Data Centers, Internet, Crypto...

-

Top 10 electrcity consumers
in 2022 (TWh)

1. China 8,849
2. US 4,548
3. India 1,858
4. Russia 1,167
5. Japan 1,034
6. Brazil 677
7. Canada 660
8. S. Korea 620
9. Germany 577
10. France 468

The combined electricty
demand of data centers,
data transmission networks, and crypto

mining, when compared with countries. Data: [EA, BP
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Energy consumption in 2022
(TWHh): IEA estimate

Data centers 240-340
D_ata transmis- 260-360
sion networks

Crypto mining 100-150
Total 600-850
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From Duck Curve to Canyon Curve 4 Research Foundation
CAISO’s lowest annual net load day (2015-2023)

30,000

B Net Load [ |Solar [FWind

25,000

New challenges per
CAISO:

= Short, steep ramps
= Oversupply risks
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Source: California ISO, Energy Policy Research Foundation
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Share of Electricity in Total Final Consumption

60% .
Net zero scenarios expect around 50% of Net Zero Scenarios

TFC to come from electricity. ——IEA Net Zero
50% BP Net Zero

IRENA 1.5 C Scenario

Shell Sky 2050
40%
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IEEJ Advanced Technologies

30%

20% @ ] ]
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Shell Archipelagos
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IEEJ Reference (2023)

Share of electricity was 20% in 2022,

10%
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Source: Energy Policy Research based on most recent outlooks (except IEEJ) as of Nov 2023
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Global Electricity Generation by Source
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Source: Energy Policy Research based on most recent outlooks (except IEEJ) as of Nov 2023 15



Figure 3
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Retirements of Dispatchable Power Pose Serious Risks to Power Systems
PJM Region
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Source: Resilience Foundation, US EIA. See:
https://www.resilientsocieties.org/uploads/5/4/0/0/54008795/blackouts predicted presentation for nasuca on june 10 2024 as shown.pdf 16



https://www.resilientsocieties.org/uploads/5/4/0/0/54008795/blackouts_predicted_presentation_for_nasuca_on_june_10_2024_as_shown.pdf

Figure 4
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REQUIREMENTS FOR Al, DATA CENTERS, ADVANCED MANUFACTURING WILL

REQUIRE SUBSTANTIAL ADDITIONS OF RELIABLE, LOW-COST ELECTRIC POWER
PIM—12% Summer Peak Load Growth by 2030

Modeled Electricity Adequacy for PJM Interconnection — 12% Summer Peak Load Growth By 2030
-17197 .4 (0] 79133.2
| - .
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NnTMH4SH420

Daily Minimum Surplus/Maximum Deficit in Megawatts (MW)

For the modeled “High Entry” scenario in PJM Interconnection, expected
generation capacity and imports minus demand (also subtracting
necessary reserves) is estimated to be -17,197 megawatts, 10.2% below
demand, at the critical hour of 5 PM EST on September 5.

For all of the 365-day Demand Profile, the estimate is 41 Loss of Load
Hours (LOLH) over 10 days and 250,566 megawatt-hours of Expected
Unserved Energy (EUE).

Source: Resilience Foundation, US EIA. See:
https://www.resilientsocieties.org/uploads/5/4/0/0/54008795/blackouts predicted presentation for nasuca on june 10 2024 as shown.pdf 17
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