
Hydrogen:  Produced from the electrolysis 
of water, the pyrolysis of woody biomass, 
or fossil sources paired with 100% carbon 
capture and storage (CCS). Can replace many 
fossil end uses following modifications to the 
process. Expected to emit little to no criteria air 
pollutants when used.

BioMethane: Methane produced from the 
anerobic digestion of organic materials such 
as manure and landfill waste. Can directly 
substitute fossil natural gas in end uses. 
Expected to emit similar levels of criteria air 
pollutants as fossil natural gas. 

Natural Gas: Fossil sources of methane 
(natural gas) can be carbon neutral if paired 
with 100% CCS so that none of the CO2 
produced is emitted to the atmosphere.

Examples of
Carbon Netural Gases

The Future of Gases in a   
Decarbonized California

• Increasing California’s use of carbon neutral 
gases such as hydrogen and biomethane can help 
meet California’s climate goals to procure 100% 
of electricity from carbon-neutral sources and 
achieve net-zero CO2 emissions by 2024.

• Carbon neutral gases can help decarbonize energy 
end uses that traditionally rely on fossil fuels 
including electricity production, transportation, 
heating, and industrial processes and can also help 
reduce emissions of air pollutants.

Scaling up Carbon Neutral Gases 
in California

Select Experts
The following experts can advise on ways to 
produce and use carbon neutral gases: 

Jack Brouwer, PhD (Moderator)
Prof., Mechanical and Aerospace 
Engineering
UC Irvine
jbrouwer@uci.edu
Expertise: renewable energy systems 
including hydrogen, solar, and wind

David Blekhman, PhD
Professor, Department of Technology
Technical Director, Hydrogen Research 
and Fueling Facility
CSU Los Angeles
blekhman@calstatela.edu
Expertise: Hydrogen fuel cell vehicles and 
fueling stations

Hanna Breunig, PhD
Research Scientist, Energy Analysis and 
Environmental Impacts
Lawrence Berkeley National Lab
hannabreunig@lbl.gov
Expertise: pathways for waste or biomass to 
gas production

Chris San Marchi, PhD
Distinguished Member of the Tech. Staff
Hydrogen and Materials Science
Sandia National Laboratories 
cwsanma@sandia.gov
Expertise: implementation of energy 
storage to meet decarbonization goals

Katherine Rinaldi, PhD
Researcher, Chemistry and Chemical 
Engineering
Caltech
kzrinaldi3@gmail.com
Expertise: hydrogen production, 
infrastructure, and end uses

To address the threat of climate change, 
California has set goals that mandate 100% 
of electricity in California must be served 
from carbon-neutral resources by 2045 and to 
achieve net-zero CO2 emissions by 2045 and 
negative emissions thereafter. 

Natural gas and other nonrenewable fossil 
fuels used for electricity production, 
transportation fuels, heating, and industrial 
processes are a significant source of CO2 
emissions in California. 

Some gases can be produced and used in 
ways that release no additional CO2 to the 
atmosphere. These carbon-neutral gases 
can also result in fewer emissions of other 
greenhouse gases (such as methane) that also 
contribute to climate change, and fewer air 
pollutants (such as PM2.5) that are hazardous 
to public health. 

Scaling up the use of carbon-neutral gases 
can help California achieve its goal of a 
reliable, carbon-neutral electric grid and net 

zero CO2 emissions. Doing so would reduce 
anthropogenic carbon emissions —a leading 
cause of climate change—at a scale that is 
globally significant. Contact: CCST Deputy Director:

Sarah.Brady@ccst.us
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Summary

CCST Expert Briefing Series: 
Toward a Disaster Resilient California

About the  
CCST Disaster Resilience Initiative:

Ongoing, complex, and intersecting disasters—
including climate change, extreme heat, power 
outages, and the COVID-19 pandemic—
are radically disrupting the ways in which 
Californians live and work. CCST is committed 
to delivering science and technology advice 
to improve our resilience to disasters, reduce 
harm, and improve the lives of all Californians.

http://www.ccst.us/expert-briefings
https://ccst.us/reports/orphan-wells-in-california/
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Figure: Production and use pathways for carbon neutral hydrogen. 
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Repurposing 
Infrastructure

Utilizing 
Waste Biomass

Reducing the 
Carbon Footprint

California has extensive 
infrastructure across the state to 
transport, store, and use natural 
gas.  However, contaminants in 
biomethane can foul end use 
equipment and hydrogen can 
cause increased degradation of 
steel pipelines. The extent to 
which existing gas infrastructure 
could be repurposed for use 
with carbon neutral gases such 
as biomethane or hydrogen is an 
active area of research. 

Organic waste streams that 
would otherwise decompose 
and emit greenhouse gases 
can be diverted to produce 
carbon neutral gases such as 
biomethane and hydrogen. 
When the process is paired 
with carbon capture and 
sequestration (CCS) the gases 
become carbon negative—
removing more CO2 from the 
atmosphere than was added, 
resulting in a net decrease in 
atmospheric CO2 levels.

Increased use of carbon neutral 
gases can help decarbonize 
many energy end uses, including:

Transportation: Replacing gas 
or diesel internal combustion 
engines with hydrogen fuel cells.

Electricity: Using hydrogen to 
produce grid electricity in place 
of natural gas plants.

Industry: Replacing carbon 
coke with hydrogen in steel 
production to reduce CO2 
emitted in the process.

Gases are considered to be  
carbon neutral if: 

1) No CO2 is emitted (e.g. 
hydrogen-powered fuel cells 
emit only water as a byproduct). 

2) The carbon in the emitted 
CO2 derives from plants or 
microbes that recently pulled 
CO2 from the atmosphere (e.g. 
CO2 emitted from biomethane). 

3) The carbon in the CO2 derives 
from a geologic reservoir but is 
100% captured before reaching 
the atmosphere (e.g. fossil natural 
gas with CCS). 

What makes a Gas 
Carbon Neutral

Carbon Neutral Gases in California
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