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1. Introduction 
I have said many times that predicting the future is risky, and so I try to avoid it. 
However, when it comes to mitigating climate change, there are some emerging plans 
that might rewrite the future road map for this quest and plug future holes. 

Recently I posted California’s roadmap for decarbonizing our electric grid. This paper is 
described and referenced below. 

Electric Decarbonization: My home-state (California) has a goal to use “…renewable 
energy resources and zero-carbon resources…” to supply 100 percent of retail electricity 
sales and electricity procured to serve all state agencies by 2045. 

The statute (AB 100) calls upon the California Public Utilities Commission (CPUC), 
California Energy Commission (CEC), and the California Air Resources Board (CARB) to 
use programs under existing statutes to achieve this policy and issue a joint report on 
the policy to the Legislature by January 1, 2021, and every four years thereafter. This 
post will briefly cover the first of the above reports. 

https://energycentral.com/c/cp/electric-decarbonization  

This paper will examine the other primary sources of greenhouse gas (GHG) in 
California, how my state intends to greatly reduce those, offset any residual GHG and an 
emerging innovation that may help with both efforts. 

2. Major GHG Emission Sectors 
The figure below shows the current greenhouse gas emissions by sector:1 

 

                                                 
1 California Energy Commission, California Air Resources Board, California Public Utilities Commission,  

Commissioner Andrew McAllister, California Energy Commission, “2021 SB 100 Joint Agency Report”,  

March 2021, https://efiling.energy.ca.gov/EFiling/GetFile.aspx?tn=237167&DocumentContentId=70349  

https://energycentral.com/c/cp/electric-decarbonization
https://efiling.energy.ca.gov/EFiling/GetFile.aspx?tn=237167&DocumentContentId=70349
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The bullets below describe the state’s plans for the non-electric sectors. 

• Transportation Electrification: While the transportation sector remains among 
the state’s biggest decarbonization challenges, California has already positioned 
itself as a leader in clean transportation with more than 566,000 zero-emission 
vehicles (ZEVs) on the road and nearly half of the total U.S. ZEV sales. Building 
on this success, Governor Gavin Newsom issued an executive order in 
September 2020 2 requiring all new passenger car and light truck sales to be 
zero-emission by 2035, medium and heavy vehicles to be zero emission by 2045 
for all operations where feasible and by 2035 for drayage trucks. This 
transformation will require close coordination and planning across the electric 
and transportation sectors. 

• Industrial Sector: California leads the country in manufacturing and industrial 
efficiency. For every dollar spent on electricity, our manufacturers produce 55 
percent more value than the national average. And the efficiency of California 
industry continues to grow at rates faster than the national average. High 
efficiency rates, coupled with the Cap-and-Trade Program’s firm emission cap, 
allow economic activity to increase without corresponding increases in GHG 
emissions.3 

Other initiatives that will reduce this sector’s greenhouse gas (GHG) emissions 
include: 

 More clean, renewable fuels (like biomethane and biomass-derived 
ethanol) can be used for process feedstock. 

 Migrating most process-energy to zero emission electricity will greatly 
reduce GHG from industries. 

 Doubling building-efficiency will reduce factory energy use. 

• Commercial Sector (Building Decarbonization): The construction of and 
conversion to zero-emission buildings has rapidly emerged as a key 
decarbonization strategy in recent years. State agencies are assessing pathways 
to reduce emissions from this important sector and considering implications of 
migrating more building energy uses, such as space and water heating, to the 
electric grid. 

• Agriculture Sector: California’s natural and working landscapes, like forests and 
farms, are the frontiers of climate change. They are often the first to experience 
the impacts of climate change, and they hold the ultimate solution to addressing 
climate change and its impacts.  

Work to better quantify the carbon stored in natural and working lands is 
continuing, but given the long timelines to change landscapes, action must begin 
now to restore and conserve these lands. We should aim to manage our natural 
and working lands in California to reduce GHG emissions from business-as-usual 

                                                 
2 Governor Gavin Newsom. Executive Order N-79-20, September 23, 2020, 
https://www.library.ca.gov/Content/pdf/GovernmentPublications/executive-order-proclamation/40-N-79-20.pdf  
3 California’s 2017 Climate Change Scoping Plan, California Air Resources Board, 

https://ww2.arb.ca.gov/sites/default/files/classic//cc/scopingplan/scoping_plan_2017.pdf  

https://www.library.ca.gov/Content/pdf/GovernmentPublications/executive-order-proclamation/40-N-79-20.pdf
https://ww2.arb.ca.gov/sites/default/files/classic/cc/scopingplan/scoping_plan_2017.pdf
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by at least 15-20 million metric tons in 2030, to complement the measures 
described below. 

CARB's Natural and Working Lands (NWL) Inventory is a quantitative estimate of 
the existing state of ecosystem carbon stored in the State's land base. It provides 
estimates of carbon stocks, stock change, and resulting greenhouse gas (GHG) 
flux associated with stock change in California's landscape, and attributes stock 
changes to disturbances. The NWL inventory is an important tool for informing 
how California's land base contributes to the State's climate goals and tracking 
statewide progress toward the State's long-term objectives for NWL. This 
inventory was initially released in 2018 and updated in 2020.4 

We will unleash opportunity in the agricultural sector by improving manure 
management, boosting soil health, generating renewable power, electrifying 
operations, utilizing waste biomass, and increasing water, fertilizer, and energy 
use efficiency. 

• Residential Sector (Energy Efficiency): Prioritizing cost-effective energy 
efficiency measures remains critical as the state moves toward 100 percent clean 
electricity. Taking steps to reduce energy demand can offset the need for 
additional generation capacity, saving customers money while reducing land-use 
and other environmental impacts associated with the construction of new 
generation facilities.  

Local government efforts to reduce emissions within their jurisdiction are critical 
to achieving the State’s long-term GHG goals, and can also provide important co-
benefits, such as improved air quality, local economic benefits, more sustainable 
communities, and an improved quality of life. To support local governments in 
their efforts to reduce GHG emissions, the Office of Planning and Research’s 
(OPR’s) General Plan Guidelines offers guidance. All jurisdictions are required to 
provide OPR and the Department of Housing and Community Development 
(HCD) with separate General Plan and Housing Element Annual Progress 
Reports (APRs) by April 1 each year.5 

The evolution of local government building codes and zoning are critical to ever-
increasing energy efficiency, and distributed renewable growth. 

3. Residual GHG Emissions 
Executive Order B-55-18 to Achieve Carbon Neutrality was executed on Sep 10, 2018. 
The crux of this instrument is: 

A new statewide goal is established to achieve carbon neutrality as soon as possible, 
and no later than 2045, and achieve and maintain net negative emissions thereafter. 
This goal is in addition to the existing statewide targets of reducing greenhouse gas 
emissions.6 

                                                 
4 https://ww2.arb.ca.gov/nwl-inventory  
5 http://opr.ca.gov/planning/general-plan/  
6 Edmund G. Brown, Jr., Governor of California, “Executive Order B-55-18 to Achieve Carbon 

Neutrality”, Sep 10, 2018, https://www.ca.gov/archive/gov39/wp-content/uploads/2018/09/9.10.18-

Executive-Order.pdf  

https://ww2.arb.ca.gov/nwl-inventory
http://opr.ca.gov/planning/general-plan/
https://www.ca.gov/archive/gov39/wp-content/uploads/2018/09/9.10.18-Executive-Order.pdf
https://www.ca.gov/archive/gov39/wp-content/uploads/2018/09/9.10.18-Executive-Order.pdf
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There is no doubt that the efforts described in the earlier paper linked in the Introduction 
and section 2 will greatly reduce GHG emissions, but there will be some residuals. This 
section will identify those and point readers at some earlier papers that suggest methods 
to offset them. 

3.1. Electricity 
Although the future is generally fraught with failure and mischief, I believe that the plan 
described in “Electric Decarbonization” (described and linked in the Introduction) is a 
good one that is backed up by conservative assumptions and modeling. Although there 
could still be some GHG leakage at the margins, I don’t believe these will be significant 
compared to the core-problems in other sectors. 

3.2. Mobility 
Replacing all of the gas-guzzlers with electric and hydrogen-fueled vehicles by 2045 will 
be nearly impossible. However, cap and trade will drive the price of gasoline and diesel 
fuel up to the point where only prized classics that are driven infrequently can afford to 
burn these fuels. Other on-road and off-road vehicles that are driven an average number 
of miles per year will be either displaced by electric vehicles or modified to emit a very 
low amount of GHG. The latter will be done via H2ICE or fuels that are efficiently derived 
from plants. H2ICE (using hydrogen to fuel internal combustion engines) will use greatly 
improved production of green or blue hydrogen (see section 4). 

3.3. Industry 
The good thing about cap and trade programs like California’s are that they will drive the 
cost of emitting GHG high enough to where any sector that is primarily driven by 
economics will be eventually forced to find alternatives. The alternatives might be 
processes or materials that do not emit GHG (or emit a tiny amount) and/or offsetting 
any GHG so emitted.7  

3.4. Commerce 
New buildings will increase efficiency. Older buildings that use (for instance) 
geologically-derived natural gas for heat will be forced to convert to alternatives by the 
steadily rising price of this fuel. Since commerce (like industry) is mostly driven by 
financial considerations, it will be driven away from emitting GHG. The good news is that 
commerce is already heavily electrified. 

3.5. Agriculture 
Farmers respect the environment, and they are also good business-people. Thus I 
expect that, if the state provides the right financial incentives, they will go along with the 
program to reduce and finally eliminate GHG emissions. Furthermore, they can play a 
major role in negative emissions technology and provide offsets to counter other residual 
emissions (see the last subsection below).8 

                                                 
7 See “Carbon Offsets – Rev b”, Offsets are financial instruments that are used by the California Cap and 

Trade Program and other similar programs. This paper reviews the types of offsets, offset protocols and 

offset verification, https://energycentral.com/c/cp/carbon-offsets  
8 A recent paper, “XPRIZE Carbon Removal”, contains a list of papers on negative emissions technology 

and offsets in section 3, https://energycentral.com/c/ec/xprize-carbon-removal  

https://energycentral.com/c/cp/carbon-offsets
https://energycentral.com/c/ec/xprize-carbon-removal
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3.6. Residences 
Most residences are already on-board via earlier programs in California. These included 
rebates for more efficient appliances (including HVAC systems and home insulation), 
various programs to facilitate our “Million Solar Roofs” program (we’re well over a 
million), etc. Currently we are using local regulations to “right-size” our housing. 
California has always had smaller houses than other states, and now extremely high 
housing costs are forcing the development of high density housing in urban and 
suburban neighborhoods, and making these housing units extremely energy efficient. 

However, residential housing still has an issue: because of our agreeable weather (very 
dry with moderate temperatures), houses tend to last a long time (my home was built in 
1967, but there are many homes in my community that are well over 100 years old). Also 
these mostly use gas-fueled heaters. Thus there may be a big residual when the push is 
on to limit natural gas burning. It is hoped that the high price on natural gas in a couple 
of decades (via Cap and Trade) along with biomethane and other alternatives (see 
section 4) will allow an easy transition vs. high heating bills. 

3.7. Offsetting Lingering Residuals 
California already has “Offsets”, and these were covered in the earlier paper (see 
reference 7).  

Offsets use GHG removal (from the atmosphere or emission source) via forestation, 
sequestration, destruction (of the GHG) or conversion of a strong GHG (typically 
methane) to a weaker one (typically CO2). 

Included in the “destruction” of GHG are long-term storage or sequestration of GHG, 
primarily via negative emissions technology (NET). NET was covered in the three posts 
linked below. 

https://energycentral.com/c/ec/new-networks-part-1-beccs 

https://energycentral.com/c/ec/new-networks-part-2-mineralization-ghg-capture  

https://energycentral.com/c/cp/new-networks-part-3-two-solutions  

Offsets are only intended to cover residual GHG emissions. Entities regulated under 
California’s Cap and Trade System can use offsets to cover up to 8% of their compliance 
obligations. Thus these instruments are very useful moving a given firm or other 
regulated entity from minimal GHG emissions to net-zero. 

4. Emerging Innovations 
The reason that capitalist economies like the U.S. and other nations will always win, is 
that this system financially measures efficiency of the production of products and 
services by how much they cost the consumers.  

Many renewables and electrified products were allowed to penetrate and ultimately will 
dominate markets simply because they are more efficient. Although federal and state 
governments may initially subsidize these products to get their production volumes to 
comparable levels vs. older technologies, eventually these subsidies should go away. 

For instance, when a technology is based on converting light to electricity using silicon-
based electronics, and this technology (silicon-based electronics) already has a record 
of rapidly diminishing prices (read: Moore’s Law), using subsidies to drive the volume up 

https://energycentral.com/c/ec/new-networks-part-1-beccs
https://energycentral.com/c/ec/new-networks-part-2-mineralization-ghg-capture
https://energycentral.com/c/cp/new-networks-part-3-two-solutions
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to gigawatts per year is a safe bet. This is the primary reason that older, inefficient 
technologies are dying as renewables become dominant. 

Also, neither photovoltaics nor wind need to pay for fuel – a sure-fire path to efficiency. 

For many years pundits have predicted a similar path for hydrogen technology. Like 
natural gas, hydrogen can be distributed using pipelines, and can (with modifications) be 
burned in most machines that currently use natural gas, gasoline or diesel fuel. When 
you burn hydrogen the byproduct is mostly water (with a low level of nitrogen oxides, 
easily converted to nitrogen and oxygen using catalytic converters).  

Currently, the big problem with hydrogen is price: 

The average price of hydrogen for a light-duty fuel cell electric vehicle (passenger car) in 
California is $16.51 per kilogram, according to the 2019 Joint Agency Report. As more 
retail stations open and have higher utilization, the price per kilogram of hydrogen is 
projected to drop to ranges more competitive with the prices of gasoline. For example, in 
late 2019, the True Zero Oakland hydrogen station opened with three times the capacity 
of previous stations. It offers hydrogen at $13.11 per kilogram (tax included) due, in part, 
to the larger volume and other factors.9 

So we are making progress on the price of hydrogen. In the above-referenced site there 
are many proposals for further reducing the price. Also, the price of the most efficient 
way to generate electricity from hydrogen (fuel cells) has been coming down. 

But the price of hydrogen (and fuel cells) has been slow in coming down, and this trend 
will likely continue. A kilogram of hydrogen has roughly the same energy content as a 
gallon on gasoline, so the price of hydrogen has a long way to go to reach parity. Of 
course Cap and Trade is pushing the price of GHG-emitting fuels upward, so they may 
meet in the middle. 

…Hydrogen has evolved into one of the clean energy priorities for the future… A study 
commissioned by the International Council on Clean Transportation has found that the 
average price for a kilo of hydrogen produced through electrolysis using solar or wind 
power will fall by about 50 percent between 2020 and 2050 in the United States...10 

A new process from Proton Technologies Canada, Inc. may drive down the cost of 
producing blue hydrogen (hydrogen with carbon capture and sequestration) 
substantially. This is a process that is described in the text and figure below. The 
process occurs at depleted oil well sites and in their underlying reservoirs.  

In simple terms, advanced technology allows for a two-step process: i) heating the 
reservoir to create free hydrogen, and ii) extracting pure hydrogen gas, heat and other 
valuables.11 

In practice, a functioning facility will include a series of connected processes, beginning 
with the production of oxygen-enriched air and ending with storage and distribution of 
hydrogen. 

                                                 
9  California Fuel Cell Partnership, “Cost to refill”, https://cafcp.org/content/cost-refill/  
10 Nasdaq, “Green Hydrogen Prices Are Set To Drop By 50% During The Next Decades”, Aug 11, 2020, 
https://www.nasdaq.com/articles/green-hydrogen-prices-are-set-to-drop-by-50-during-the-next-decades-2020-08-11  
11 Proton Technologies Canada, “The Proton Process, https://proton.energy/proton-process/  

https://cafcp.org/content/cost-refill/
https://www.nasdaq.com/articles/green-hydrogen-prices-are-set-to-drop-by-50-during-the-next-decades-2020-08-11
https://proton.energy/proton-process/
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The most innovative part is the patented combination of heating reservoirs with 
Oxinjection wells and harvesting the hydrogen with Hygeneration wells. Both types of 
wells adapt existing equipment to new purpose. 

See the figure below.12 

 

Oxygen-enhanced air is produced at the wellhead, and then injected deep into the 
reservoir through an ‘Oxinjection Well‘. Gases, coke and heavier hydrocarbons are 
oxidized in place (a process known as In-Situ Combustion). Targeted portions of the 
reservoir become very warm. Where necessary, the temperatures are heightened further 
through radio frequency emissions. 

Eventually, oxidation temperatures rise. The extreme heat causes the nearby 
hydrocarbons, and any surrounding water molecules, to break apart. Both the 
hydrocarbons and the H2O become a temporary source of free hydrogen gas. These 
molecular splitting processes are referred to as thermolysis, gas reforming and water-
gas shift. They have been used in commercial industrial processes to generate hydrogen 
for more than 100 years. Proton’s Process is controlled through the timing and pattern of 
oxygen injection and external heating. 

After creating free hydrogen, one or more Hygeneration wells extracts the elemental 
hydrogen, using Proton’s patented membrane. The membrane is a dynamic down-hole 
device that uses feedback from inside the wells to intelligently locate hydrogen. A 

                                                 
12 Figure from Motor Trend, June 2021 Issue (hardcopy) 
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selective membrane inside the Proton Membrane filters the gases, and a pump moves 
pure hydrogen gas up to the wellhead. 

The Proton Membrane is an adaptation of hydrogen-selective filters used in steam-
methane reformers (SMRs). Over 95% of the world’s hydrogen comes from splitting 
natural gas, above ground, in SMRs. For a Trove to work, the Hygenerator membrane 
must be encased in a robust cartridge system that can be placed into a bendy well, and 
function for long periods despite high pressures and temperature. 

Hygeneration wells are sometimes referred to as ‘mother wells’ since they have potential 
to produce a stream of other valuable resources: steam for electricity generation, helium 
gas, syngas, and low-grade thermal energy. Everything else, including carbon, can be 
left in the ground. 

A small part of the energy extracted from the reservoir – as hydrogen, heat or syngas – 
may be used directly at the wellhead to produce the oxygen-enhanced air, and to 
operate the pumps. 

If syngas is harvested, our process may release small quantities of carbon into the 
atmosphere, or recirculate CO2 into the reservoir, as a way to relieve pressure. 

In most cases the Proton Process will be completely clean and green, producing pure 
hydrogen continuously and in massive quantities. 

Economic modelling suggests that our process can produce hydrogen in high volumes at 
less than $0.65 USA per kg initially, with costs dropping below $.50 USD once systems 
are optimized. 

This is very competitive, since almost all hydrogen is currently produced by Steam 
Methane Reformers at a cost of $2 to $3 USD.  – much less than conventional 
processes, and far below market prices ($8 to $10 per kg). 


