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Remediation -- Getting off Carbon
• Electricity Production

• Nuclear Power
• Renewables (Solar, 
Wind, Energy Storage, & 
Geothermal)

• The Transportation Sector
• Automobiles
• Trucks
• Aviation
• Rail System
• Ships

• The Built Environment
•  Industry
•  Commercial & Residential

• Agriculture 
• Land Use and Forestry
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Sector Energy-related CO2 Emissions 2021
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Reducing Carbon in our Electrical System

• Nuclear power plants have generated about 20% of U.S. 
electricity since 1990. New large plant are uneconomical.

• The new fad is small/micro rectors (3 MW to 300MW).
• Plan is for modular design/factory fabrication and easy set 

up, none are currently licensed or constructed, most 
demos have been cancelled due to rising costs.

• Best bets for the future are the GE BWRX-300 with target 
cost of $2,250/kW or the Westinghouse AP300 PWR with 
a target cost of $3,333/kW.

Nuclear Power
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Reducing Carbon in our Electrical System

• Large installations are the lowest cost Solar at about 
$890-$1,000/kW.

• Average Capacity Factor is about 24.3%.
• Many new solar farms are also built with battery 

capacity of 2 to 4 hours based on regulations of the 
system operator. 

• Residential solar is more expensive at about $2,500-
$5,000/kW and has a payback of around 15 years, 
sometimes less, depending on incentives.

Renewables - Solar
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Reducing Carbon in our Electrical System

• As of January 2023, the total installed wind power nameplate generating 
capacity in the United States was 141,300 megawatts (MW) from over 70,000 
turbines.

• 19 states had over 1,000 MW of installed capacity with five states 
(Texas, Iowa, Oklahoma, Kansas, and California), generating over half of all 
wind energy in the nation.  Illinois is fifth with over 7,383MW.

• In 2022, 434.8 terawatt-hours were generated by wind power, or 10.25% 
of electricity in the United States.

• In 2019, wind power surpassed hydroelectric power as the largest renewable 
energy source in the U.S.

• The state generating the highest percentage of energy from wind power is 
Iowa at over 57% of total energy production.  Illinois is 11% wind.

Renewables Wind
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Reducing Carbon in our Electrical System

• Modern onshore wind farms often have capacity factors 
greater than 40% for new turbines at about 3MW in size

• Onshore wind is the cheapest source of electricity.
• In 2021, the average cost to install land-based wind was 

$1,500/kw with a levelized cost of electricity of $0.032/kWh.
• Offshore wind costs more with a current levelized cost of 

$0.114/kWh and a capital costs of about $6,500/kW.
• GE Power makes 6-14MW turbines with capacity factor of 

63%.

Renewables Wind

12



Source: USDOE

Market Share of Solar and Wind By US Power Pool
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Reducing Carbon in our Electrical System

• Stand alone storage and hybrid solar and wind are now 
being built.

• A battery storage power station uses a group 
of batteries to store electrical energy. 

• They are used to stabilize grids, as battery storage can 
transition from standby to full power in under a second to 
deal with grid contingencies.

• Arbitrage is also a driver of stand alone projects.
• Current capacity is about 16,000MW (approx. 80GWh).

Renewables Energy Storage
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15Rendering of a project using the company’s 750kWh LFP DC Blocks. Image: KORE Power.

LFP Cells – 140Wh/kg, 750kWh DC blocks
NMC Cells – 255Wh/kg, 1.3MWh DC blocs



Reducing Carbon in our Electrical System

• Enhanced Geothermal System (EGS) is a man-made 
reservoir, created where there is hot rock but insufficient 
or little natural permeability or fluid saturation. 

• Expected electric costs for EGS is $0.02-$0.039/kWh.
• Estimated potential is about 90-100GWe.
• Hot, dry crystalline basement rocks are found almost 

everywhere sufficiently far beneath the surface.
• EGS plants are suitable for load-following operations as 

the electricity is consistent and dispatchable.

Renewables Enhanced Geothermal
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Power Capacity in US Grid Connection Queues

Source: Berkeley Lab, 2023 18



The Transportation Sector creates 29% 
total US greenhouse emissions 2021
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Road 
Transportation

Truck 
Transportation

Marine and  
Rail Transport

Aviation

45.1% 29.4% 12.4% 11.6%
Buses Freight Ships
Cars Boats

Rail



World Wide Freight Moved 2023
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Type of freight 
transport

Amount of freight 
moved (billions of 
tonne-kilometers)

CO2 emissions 
(millions of 
tonnes)

Air 303 155

Rail 10,842 170

Road (mainly trucking 
and urban deliveries) 26,807 2,230

Sea and inland 
waterways 101,486 657
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https:ourworldindata.org
https://www.bikeradar.com/fea
tures/long-reads/cycling-
environmental-impact

• Cycling has a carbon footprint of 
about 21g of CO2 per kilometer. 

• About three-quarters of cycling’s 
greenhouse gas emissions occur 
when producing the extra food 
required to “fuel” cycling, while the 
rest comes from manufacturing the 
bicycle.

• Electric bikes have an even lower 
carbon footprint than conventional 
bikes because fewer calories are 
burned per kilometer, despite the 
emissions from battery 
manufacturing and electricity use.



THE U.S. NATIONAL BLUEPRINT FOR 
TRANSPORTATION DECARBONIZATION (energy.gov) 
circa 2021
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Net 0 or 80-100% 
reduction in 
transportation 
emissions by 2050,

Bipartisan 
Infrastructure Law 
(BIL) and Inflation 
Reduction Act (IRA). 
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2021 Data
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Remediation – The Built Environment
Industrial Sector  - 35% of Emissions
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• Energy efficiency is a foundational, crosscutting decarbonization 
strategy and is the most cost-effective option for greenhouse gas 
emission reductions in the near term.

• Leveraging advancements in low-carbon electricity from both grid and 
onsite renewable generation sources will be critical to decarbonization 
efforts.

• Substituting low-and no-carbon fuel and feedstocks reduces 
combustion associated emissions for industrial processes.

• Carbon capture, utilization, and storage refers to the multicomponent 
strategy of capturing generated CO2 from a point source and utilizing 
the captured CO2 to make value added products or storing it long-term 
to avoid release.
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Remediation – The Built Environment
Industry
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Remediation – The Built Environment

• Building decarbonization encompasses a building’s life 
cycle, including building design, construction, operation, 
occupancy, and end of life.

• Building construction, energy use, methane, and 
refrigerants are the primary sources of GHG emissions.

• Building life-cycle assessment involves consideration 
of operational and embodied emissions.

• Some state and local government have adopted policies 
that address building specific operational fuel types and 
related emissions in the United States.

Commercial & Residential Buildings – 34% Emissions 
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Remediation – The Built Environment

• The primary means for reducing building GHG emissions are the 
following:

• Efficiency measures and building electrification
• Operations and maintenance.
• Refrigerants: Low-GWP, minimizing volume, and improving 

management.
• Renewable energy sources (on and off site) and energy storage.
• Building-grid integration and real-time carbon signals.
• Embodied carbon.
• Decarbonized electrical grid -- Ameren 67% fossil-fired.

Commercial & Residential Buildings
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Remediation – The Built Environment

• Building Codes have 
had a great impact on 
building energy 
performance over the 
past 45 years.

• States that accepted 
energy money during 
the Great Recession 
had to agree to keep 
their building codes 
current.

Commercial & Residential Buildings
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Remediation – Agriculture, Land Use, & Forestry

• Agriculture is a complicated:  climate goals versus biodiversity, 
nutritional needs, food security, and profits.

• By 2030, U.S. farms and ranches can cut agricultural emissions 
by 23

• Cut nitrous oxide emissions by optimizing fertilizer use.
• Reduce on-farm emissions by shifting from traditional fossil-fuel 

equipment and machinery—such as tractors, harvesters, and 
dryers—to their zero-emission counterparts.
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Reducing Agricultural Emissions – 11% of Emissions



Remediation – Agriculture, Land Use, & Forestry

• Genetic selection and breeding programs focused on ruminant 
animals’ enteric fermentation. About 20 percent of a ruminant’s 
methane emissions rate stems from genetics alone.

• Use anaerobic digesters for dairy cow and hog manure. Biogas 
can be used on the farm or sold back to the grid (electricity).

• Combine deep placement of nitrogen with low- and no-tillage 
practices — such as shallow plowing, fewer tillage passes, 
chisel coulter drilling, and zone tillage — to reduce fuel usage 
and denitrification.

• Use cover crops to absorb carbon and improve production.
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Reducing Agricultural Emissions – 11% of Emissions



Remediation – Agriculture, Land Use, & Forestry

• Plants, forests, and soil absorb carbon dioxide, making 
management of forests and land paramount to achieving 
climate goals. Deforestation is rapidly reducing the planet’s 
potential to absorb carbon dioxide and mitigate its warming 
effects. 

• U.S. forests can boost carbon storage by 43% by 2030.
• Keeping all existing forests, wetlands and grasslands intact 

rather than clearing them for new cropland or urban 
development.

• Increase carbon storage in forests by reforesting and 
afforesting land, improve management of existing forests, 
and adopt agroforestry practices that integrate trees and 
shrubs into crop- and pastureland. 43

Land Use & Forestry – 6% of Emissions
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