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US GHG Emissions

Source: US EPA
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Wind Electricity Generation

Global wind capacity end of 2022: ~ 906 GW, Global electricity generation capacity ~ 7500 GW

Source: LBNL Land-Based Wind Market Report 2023

United States: ~ 147.5 GW
Record 8.5 GW installed in 2022

~10% annual energy share in 2023



Solar Electricity Generation United States: ~ 170 GW
~4% annual energy share in 

2023
~30 GW installed in 2023

Source: LBNL Utility Scale Solar Market Report, 2022

Global solar installations end of 2010: ~ 40 GW, Global solar capacity end of 2023: > 1,600 GW 



Battery Storage
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* Q2 2024: 97% of capacity additions in ERCOT, 
WECC & CAISO

United States: ~ 30 GW
~15 GW installed in 2024

Globally: ~86 GW installed 
(2023), projected to 760 GW 

(2030)



New Power Generation

0

5

10

15

20

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

U.S. planned utility-scale electric-generating capacity additions (2023)
gigawatts (GW)

54%

17%

14%

11%
4%

54.5 GW
2023 total

solar
29.1 GW

battery 
storage
9.4 GW

natural 
gas

7.5 GW

wind
6.0 GW

nuclear
2.2 GW

all other
0.2 GW



Planned 2023 U.S. utility-scale electric generator additions

solar
wind
nuclear
natural gas
batteries
other

size indicates capacity

Vogtle Units 3 and 4
2,228 megawatts (MW)

South Fork Wind
130 MW

Guernsey Power 
Station
1,836 MW

CPV Three Rivers 
Energy Center
1,214 MW



Markets vs. Vertically Integrated Utilities

Source: FERC



Sector Coupling

Source: Davis et al., Science, 2018 



Natural Gas and 
Buildings



Residential Heating by Source



State-level Policy



Natural Gas Networks



Hydrogen Blending

Source: Cakir Erdener et al., International Journal of Hydrogen Production, 2023 



Transportation



US Electric Vehicle Sales
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ASPIRE – Engineering Research Center



21

EV Demand Analysis

LDEV consumption rate = 0.32 kWh/mi

Source: Sauter, Lara, Turk, Milford, and Hodge, Applied Energy, 2024 



Research Takeaways
• Results from this study highlight advantages to in-road charging, including 

1.49% in additional system cost savings and reduced cost to consumers when 
charged via additional renewable resources. In ERCOT, this equates to ~$80M 
per year in electricity system cost savings

Source: Sauter, Lara, Turk, Milford, and Hodge, Applied Energy, 2024 



Computing



Nuclear Renaissance?
Computing sector additions to dwarf other sectors?



Long Duration 
Energy Storage



Duke Energy – Zero Carbon Study

Capacity 
expansion 
in ReEDS

Production 
Cost 

Modeling in 
PLEXOS



Hydrogen Hubs
• Total of $7B possible, funded through the Bipartisan Infrastructure Law, very 

deployment focused, mainly heavy transportation
• Almost 1 year since announcement, many sub-project cancelations, partners leaving

Hydrogen plans or tests at U.S. power plants (2024)



Long Duration Energy Storage

Source: Guerra, Nature Energy, 2021



LDES: Benefits and Costs

Source: Guerra, et al., Energy & Environmental Science, 2020



Chemical Industry



US Chemical Industry Overview

Source: Mallapragada et al., Joule, 2023



Energy Carriers for Other Sectors

Source: Open Energy Outlook, 2023

• Multi-sector models, such as the Open 
Energy Outlook, project the need for 
hydrogen, carbon capture and sequestration, 
and limited amounts of carbon-to-fuels

• Hydrogen usage largely for industrial 
decarbonization, very little for electricity 
(long-duration energy storage)

• Relatively small demand for carbon-to-fuels, 
cost projections higher than DAC with 
sequestration



Potential for CO2 Electrolysis

Source: Guerra, Almajed, Smith, Somoza-Tornos, and Hodge, Joule 2023



CO2 Electrolysis: Markets and Potential

Source: Guerra, Almajed, Smith, Somoza-Tornos, and Hodge, Joule 2023



Variable Renewables and Electrolysis

Source: Guerra, Almajed, Smith, Somoza-Tornos, and Hodge, Joule 2023



Source:  Almajed, Guerra, Smith, Hodge, and Somoza-Tornos, Energy & Environmental Science, 2023

Full Syngas Process Flowsheets



Cost Comparison vs. RWGS

• Average annual electricity price and electrolytic hydrogen 
production cost influence the production cost of air-sourced 2:1 
syngas the most

Source:  Almajed, Guerra, Smith, Hodge, and Somoza-Tornos, Energy & Environmental Science, 2023



CO2 taxes and CO2 credits increase operational and 
design flexibility

38

• CO2 taxes on conventional syngas methods

• CO2 tax credits for air-to-syngas pathways

At $0.6/kg-syngas (baseline): 

• Capacity factor of ≥ 48% (81%) and 

• Average electricity price of ≤ $30/MWh (≤ 
$10/MWh)

Almajed,  Guerra, Somoza-Tornos, Smith, and Hodge. Sys. & Cont. Trans., 2024 

Air-to-syngas production assessment



Conclusions
• The energy transition 

is extremely variable: 
very advanced in 
Hawaii and negligible 
progress in the 
Southeast

• Suffers from lack of 
consistent national 
policy and non-market 
environments

• Interesting parallels 
with Europe, re: 
coordination, lack of 
clear technological 
winners for certain 
sectors
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Questions?



Tipping Point?



New Nuclear?



CO2 Electrolysis vs. Traditional Route

Source:  Almajed, Guerra, Smith, Hodge, and Somoza-Tornos, Energy & Environmental Science, 2023
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