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Growing trend to electrify... everything!

From
Fre Huir‘les to Cars, It's Now

Flectrify Fverything Fverywhere All At Once lor

The Climate And E.conomy Forbes
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Electricity demand growth also from Al

Bloomberg

Markits Magazing | Green

Power-Hungry Data Centers Are Gobbling Up Texas
Amid Al Boom

Electricity impact of Data Centers (DCs)

Existing DCs (already connected)
Requesteq DCs
2E05% i
= | Out of 22 utility responses:
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Uitility 1D for this question
(sorted by requested capacity as % of peak)
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Research Questions

What is the potential for generation technologies to meet large load growth?
What are the impacts of these technologies on a system’s cost and

emissions?

What are some ways to reflect opposition, people, and the impacts of the

power sector on people’s well-being?

Beyond the border: How might these large load growth dynamics impact
Mexico’s power sector?
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Research Questions

What is the potential for generation technologies to meet large load growth?
What are the impacts of these technologies on a system’s cost and
emissions?
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The US is entering a period of unprecedented

load growth

U.S. Electricity Consumption Index 1949-2050
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End-use electrification

* Electric vehicles

* Residential and commercial
buildings

Alternative fuels and industrial

processes
e Hydrogen

Energy-intensive computing
e Artificial intelligence

* Data centers

* Cryptocurrency mining
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Long-term planning is crucial
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Electricity demand in ERCOT is poised to grow

substantially!
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SWITCH-ERCOT: capacity expansion model used to
optimize the power sector
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Modeling to generate alternatives (MGA) allows us to

explore the near-optimal solution space of a model

0.8 v
| 1 cees jsoline fix}=Afix")
B : - Isoline flx}=(1+£)-fix")
0.6 I 1 4 Optimum x° = argmin,fx)
™ F
g * | ] ¥ min{x:fx) < (1+€)-fx"))
\\. " i A max{xi:fix)=(1+£):fx")}
0.4 N | feasible
"o, T“b i space
0.3{ . 'y |
R
0.21 o “ .
I el
0.1 L X ¥
0.0 o \ : . . .
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Xi
min/max Z Z B,
. WEGmpgm PEF
min E“IP{ Z ¢ + Z wl ™ Z r,‘} '
peP  |deched 1T,  cveC™™ \ sty d Z ah ) W Z ¢ { < (1+£)0SC
pEF g ved EETy T
!u! "Id;m.-;-h - sellwerteiorg? Potts, J., Castellanos, S. (2025) Grid planning insights from near-
Ciwil, ";rrhﬁf Aural and optimal generation portfolios amidst large-load growth. (npj clean — _—
|I-.:I.'rm::“'"qll'llvl.l.l”hmmrm:" energy, In Press) I AL - A 11



Modeling to generate alternatives (MGA) allows us to

explore the near-optimal solution space of a model

i Cap = Minimum
+ slack

Decision
variable
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: alternatives
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Texas Senate passes bill to
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credits trading program
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Electricity demand in ERCOT is modeled under

seven growth scenarios

Maximizing and minimizing nine

different technologies: O | ok
1. Coal = Med Growth
. Oa Low Growth
2. Natural Gas T 15004 = High Decay
3. Bioenergy = _— :‘Ef’gecﬂ?
ot — Low Decay
4. Nuclear |- —— No LEL
5. Geothermal 2
H = |
6. Onshore Wind 2 1000 -
7. Offshore Wind S
2
8. Solar PV 2 250
q
9. Battery Storage &
-
S 5004
* Dispatchable: (nuclear, g
geothermal, bioenergy, coal, gas) 350 -
* Renewables: (solar, O/0S Wind)
D T T ] T T I
Slack values from 1-15%: a° o 57 = < o
, o P 4 A " o s
2,112 near-optimal solutions Year
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Cost-optimal capacities

TO0

* Solar, wind, and natural gas are =
=
consistently dominant in 2050 o
= 500 -
5} —
* Higher demand scenariostend £, _
to use more wind energy 3 — B
2 300 =
* Small amounts of nuclear and © 200 I ] = C
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Wind, solar, and gas dominate even in near-

optimal scenarios
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Only wind, solar, and gas are used to meet near-

term demand growth

Alternative technologies (nuclear, geothermal, etc.) are too expensive in the
short-term to build, even when their capacity is maximized

By 2050, some alternative technologies have comparable capacities to
dominant technologies in some scenarios
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Interregional transmission needs

= Cost-optimal: North Tx = Demand centers (S, C)

" Expansion depends on spatial distribution of new

generation.
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Flexible LFL operations reduced capacity

requirements and favors firms generation
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Significant emission reductions can be achieved

even with near-optimal solutions

300
Scenario
e LFL growth can increase = High Growth
| .. bv 147% b 250 - = Med Growth
annual emissions by o by o itk
2050 = High Decay
— Med Decay
200 - = Low Decay
* A 1% increase in system cost No LFL
can reduce emissions by 33-
150 -

44%

* Diminishing returns at high
slack values; particularly in
low-demand scenarios
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Key takeaways

= Cost-optimal solutions favor wind, solar, and gas.

® Phasing out wind or natural gas results in significant system cost
increases
= |mportant implications for bills like SB388

" Increased flexibility reduces capacity across near-optimal
scenarios; leads to increased firm generation capacity.

= Significant emission reductions can be achieved even with
minimal increases to system cost.
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Research Questions

What are some ways to reflect opposition, people, and the impacts of the
power sector on people’s well-being?
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Energy Policy
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Reflect Challenges and Opportunities in Capacity
Expansion Pathways

Equity Equitable

Constraint Grid Layout
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Measuring impact of PM2.5

" PM, . Population-Weighted Exposure Level

s PWEL = L(PixCy)
2 P;

2025-2050 Average Facility Contribution

s to PM; s (pgfm?)
L= p -
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Concentration (pg/m*)
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