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Our lab
We are a multi-disciplinary group using data science to 

support community-centered & inspired energy transitions

We care deeply about how technology impacts society, 
and work to mitigate potential disparities from it.
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Growing trend to electrify… everything!
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Electricity demand growth also from AI

https://www.epri.com/research/products/000000003002030643

Electricity impact of Data Centers (DCs)
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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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The US is entering a period of unprecedented 
load growth

Source: NEMA (2025)

End-use electrification
• Electric vehicles
• Residential and commercial 

buildings

Alternative fuels and industrial 
processes
• Hydrogen

Energy-intensive computing
• Artificial intelligence
• Data centers
• Cryptocurrency mining
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Long-term planning is crucial

https://gridarchitecture.pnnl.gov/media/Modern-Distribution-Grid_Volume_IV_v1_0_draft.pdf
https://eta-publications.lbl.gov/sites/default/files/frick-schwartz_idsp_overview_20240124.pdf

~$75B in 
Generation 

& 
Transmission

(2023)
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Electricity demand in ERCOT is poised to grow 
substantially!

Potts, J., Castellanos, S. (2025) Grid planning insights from near-optimal 
generation portfolios amidst large-load growth. (Under Review)



sergioc@utexas.edu 10

SWITCH-ERCOT: capacity expansion model used to 
optimize the power sector

Operational:

Investment:

Power balance:

Johnston, Josiah, et al. "Switch 2.0: A modern platform for planning high-renewable power systems." SoftwareX 10 (2019): 100251.
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Source: Neumann and Brown (2021)

Potts, J., Castellanos, S. (2025) Grid planning insights from near-
optimal generation portfolios amidst large-load growth. (npj clean 
energy, In Press)

Modeling to generate alternatives (MGA) allows us to 
explore the near-optimal solution space of a model
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Recent SB proposals

SB819 SB388
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Electricity demand in ERCOT is modeled under 
seven growth scenarios
Maximizing and minimizing nine 
different technologies:
1. Coal
2. Natural Gas
3. Bioenergy
4. Nuclear
5. Geothermal
6. Onshore Wind
7. Offshore Wind
8. Solar PV
9. Battery Storage

• Dispatchable: (nuclear, 
geothermal, bioenergy, coal, gas)

• Renewables: (solar, O/OS Wind)

Slack values from 1–15%: 
2,112 near-optimal solutions

Potts, J., Castellanos, S. (2025) Grid planning insights from near-
optimal generation portfolios amidst large-load growth. (npj clean 
energy, In Press)
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Cost-optimal capacities
• Solar, wind, and natural gas are 

consistently dominant in 2050

• Higher demand scenarios tend 
to use more wind energy

• Small amounts of nuclear and 
CCS technologies, and modest 
storage

• Demand decay scenarios have 
similar grid configurations to No 
LFL case by 2050

Potts, J., Castellanos, S. (2025) Grid planning insights from near-
optimal generation portfolios amidst large-load growth. (npj clean 
energy, In Press)
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Wind, solar, and gas dominate even in near-
optimal scenarios

Potts, J., Castellanos, S. (2025) Grid planning insights from near-
optimal generation portfolios amidst large-load growth. (npj clean 
energy, In Press)
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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

Potts, J., Castellanos, S. (2025) Grid planning insights from near-
optimal generation portfolios amidst large-load growth. (npj clean 
energy, In Press)
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Interregional transmission needs
 Cost-optimal: North Tx  Demand centers (S, C)
 Expansion depends on spatial distribution of new 

generation.

Potts, J., Castellanos, S. (2025) Grid planning insights from near-
optimal generation portfolios amidst large-load growth. (npj clean 
energy, In Press)
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Flexible LFL operations reduced capacity 
requirements and favors firms generation
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Potts, J., Castellanos, S. (2025) Grid planning insights from near-
optimal generation portfolios amidst large-load growth. (npj clean 
energy, In Press)
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Significant emission reductions can be achieved 
even with near-optimal solutions

• LFL growth can increase 
annual emissions by 147% by 
2050

• A 1% increase in system cost 
can reduce emissions by 33-
44% 

• Diminishing returns at high 
slack values; particularly in 
low-demand scenarios

Potts, J., Castellanos, S. (2025) Grid planning insights from near-
optimal generation portfolios amidst large-load growth. (npj clean 
energy, In Press)
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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
 Important 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.

Potts, J., Castellanos, S. (2025) Grid planning insights from near-
optimal generation portfolios amidst large-load growth. (npj clean 
energy, In Press)



sergioc@utexas.edu 22

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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Reflect Challenges and Opportunities in Capacity 
Expansion Pathways

J. French, et al., Environ. Sci. Technol. 59, 24, 12096–12107(2025)
https://pubs.acs.org/doi/full/10.1021/acs.est.4c12991 

https://pubs.acs.org/doi/full/10.1021/acs.est.4c12991
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Measuring impact of PM2.5

 PM2.5 Population-Weighted Exposure Level
 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = ∑(𝑃𝑃𝑖𝑖×𝐶𝐶𝑖𝑖)

∑ 𝑃𝑃𝑖𝑖


	Slide Number 1
	Our lab
	Growing trend to electrify… everything!
	Electricity demand growth also from AI
	Research Questions
	Research Questions
	The US is entering a period of unprecedented load growth
	Long-term planning is crucial
	Electricity demand in ERCOT is poised to grow substantially!
	SWITCH-ERCOT: capacity expansion model used to optimize the power sector
	Modeling to generate alternatives (MGA) allows us to explore the near-optimal solution space of a model
	Modeling to generate alternatives (MGA) allows us to explore the near-optimal solution space of a model
	Recent SB proposals
	Electricity demand in ERCOT is modeled under seven growth scenarios
	Cost-optimal capacities
	Wind, solar, and gas dominate even in near-optimal scenarios
	Only wind, solar, and gas are used to meet near-term demand growth
	Interregional transmission needs
	Flexible LFL operations reduced capacity requirements and favors firms generation
	Significant emission reductions can be achieved even with near-optimal solutions
	Key takeaways
	Research Questions
	Slide Number 23
	Reflect Challenges and Opportunities in Capacity Expansion Pathways

	Measuring impact of PM2.5

