
Hello, my name is Paul Stevers and I am going to introduce to you an 
opportunity that has emerged for mitigating carbon emissions on a very 
large scale in a relatively short amount of time. This is a solution can be 
scaled globally.
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The world is getting warmer at an increasing rate.  Shown next is a short video 
segment that illustrates how this warming trend is correlating with rising atmospheric 
CO2 level and that these levels are continuing to rise at an increasing rate. 

2



3



Why are these CO2 continuing to rise at an increasing rate?  There are 
several factors contributing to this rising CO2 level but the main reason 
for this rise is that the total overall global energy demand appears to be 
increasing faster than the renewable energy generation growth rate.
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Therefore, carbon emissions need to be mitigated on a much larger scale that what 
has been occurring.  In addition to expanding carbon-free energy generating solutions 
as fast as possible, the world needs implement carbon capture from existing fossil 
fuel energy sources on a very large scale.
Fortunately, now there is now a proven breakthrough technology that captures 100% 
of the CO2 created when generating power from fuels such as natural gas, bio-gas 
from landfills, syngas from coal and diesel fuel.  It is called the Allam-Fetvedt Cycle or 
less words, the Allam Cycle. In addition, there are carbon capture technologies such 
as Shell’s CANSOLV® CO2 Capture System that can be added to existing power plants.
The captured CO2 can be utilized for wide range of uses including vertical farming as 
well as be sequestered in the ground.
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The Allam Cycle includes the following steps in its process: First it burns 
natural gas with pure oxygen.  Then the resulting CO2 is recycled through 
the combustor, turbine, heat exchanger, and compressor, creating 
relatively low-cost power with zero carbon emissions.  The captured 
CO2 is pipeline ready and can either be sequestered or sold to medical, 
agricultural, and/or industrial sectors.

The next slide shows an animated video segment about a natural gas 
fueled power plant that uses this cycle
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The Allam Cycle can be implemented on a global scale relatively quickly 
for several reasons,  First, companies around the world can licence this 
technology from NET Power, which is a privately held technology 
licensing company.

The owners of this licensing company have considerable experience, 
capacity and credibility in the power generation industry, which include 
Exelon Corporation, McDermott International Ltd and Occidental 
Petroleum Corporation (Oxy). Lastly, equipment manufacturers and 
contractors around the world that are currently supplying, constructing 
and/or operating conventional power plants, can also build and operate 
Allam cycle power plants.  Therefore, capacity exists for rapid large scale 
implementation of this cycle starting now.
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Initially, the CO2 captured from these power plants would be mostly sequestered in 
the ground, however, once there is a reliable source of low cost CO2 available, this 
CO2 can be used for many other uses including accelerating plant growth in indoor 
farms, strengthening concrete building materials, and production of carbonated 
beverages.
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There are several sequestration options for the CO2 captured from 
power plants.  This includes injecting CO2 into oil and gas fields, basaltic 
formations and salt caverns.
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Carbon dioxide that is captured from power plants using the Allam Cycle 
can complemented from other sources that use other carbon capture 
technologies. For example, carbon dioxide can be captured from existing 
cement plants and combined with carbon dioxide from power plants in 
the same pipeline for transfer to long term storage or for utilization.
Companies with carbon sequestration expertise can engage with major 
carbon emitters such as power generation utilities and cement 
manufacturing companies to create and operate commercially viable 
large-scale sequestration projects.
Once a project is viable, smaller sources of captured CO2 can be added to 
this sequestration project.
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Power plants combined with carbon capture can help make an electricity 
grid, which that is also powered by renewable energy farms, more 
reliable. For example, if wind power is not available for a few days, these 
power plants can provide the needed electricity.
Since a power plant using the Allam Cycle is very efficient and captures 
100% of the carbon dioxide created, it can be also used during low 
demand periods to power direct air capture of carbon dioxide from the 
atmosphere. If this was done, this power plant would have a significant 
negative carbon footprint.
There are some impressive new technologies coming available to enable 
low-cost carbon capture from outside air. For example, Carbon 
Engineering has developed an effective way of doing this and have made 
considerable progress in reducing the operating cost of this process.
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Shown here is an example of a combined power system for maximum 
reliability with negative carbon emissions.  The natural gas power plant 
running the Allam Cycle enables 100% carbon capture and delivers 
power to the power management system.  This power management 
system is also supplied with electricity from wind and solar farms.  To 
help manage the power more effectively, this power management 
system includes energy storage to manage short-term power peaks or 
short-falls.  If a substantial amount of power is reduced for a longer 
period of time, such if there is no wind-power for a few days, the power 
management system reduces power to the direct air capture system of 
carbon dioxide.  In this way, the power management system can 
maximize the reliability of the power to the electric grid.  The carbon 
dioxide that is captured from the power plant or direct air capture 
system can be utilized in beneficial ways such as accelerating the growth 
of food in a vertical farm or be sequestered in the ground.
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Another very promising technology is TerraFixing’s Direct Air Capture or 
DAC process, which works most efficiently in cold, dry climates.  In this 
type of climate, it can capture one metric tonne of carbon dioxide with 1 
megawatt hour of electrical power.  If power is produced for 3 cents per 
kilowatt hour, this enables carbon dioxide to be captured directly from 
the outside air for about $30 of electricity, which is very economical.  
This technology can do this since it utilizes a simple process with only 5 
unit operations.   To also help keep costs low, it uses proven materials 
and operates at moderate temperatures and pressures.  There are 
several areas in the world where it can operate this efficiently including 
Canada, Norway, Alaska, Russia, Finland, Greenland, Tibetan plateau, and 
Antarctica.
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TerraFixing’s DAC technology can capture CO2 with a power plant running 
the Allam Cycle in these two ways: 

First, Capture CO2 from air that is used to create the needed high 
purity oxygen to operate the Allam Cycle.  This can be done very 
efficiently since it would be integrated with the process to create 
this high purity oxygen.  Second, capture CO2 through its normal 
DAC process. As indicated earlier, this process will require only 
about 1 MW hour per metric tonne of CO2 captured when done so 
in cold climates, which is very economical.  
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Shown here is an overview of TerraFixing’s process, which is a 5 step 
temperature vacuum swing adsorption (TVSA) cycle.  The CO2 is captured 
during the adsorption step and then removed from the adsorbent bed 
during the evacuation step.  Shown below is a flowchart showing a 
generalized TVSA cycle for capturing and concentrating CO2 from 
ambient air with a waterbed regeneration step.
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Shown here is diagram showing the adsorption step.
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Shown here is a diagram Illustrating the evacuation step.
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Shown here is a special purpose Allam Cycle power plant configured for 
large scale carbon capture.  Along with carbon capture, this plant also 
enables enhanced natural gas recovery from a gas field, which would 
then be completely consumed by this plant.  Therefore, no carbon 
emissions will occur from this closed loop process.  A 300 MW power 
plant is estimated to be able power the capturing of a approximately 
7,200 metric tonnes of CO2 per day, which translate into 2.6 million 
metric tonnes of CO2 per year. As an added bonus, a vertical farm can 
be included to supply fresh organic food to feed local families.  The net 
result of this type of special purpose power plant would effectively be 
millions of tons of negative carbon emissions.
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Therefore, the potential impact of combining an Allam Cycle Power Plant 
with TerraFixing’s direct air capture technology is very large and can be 
implemented in many areas of the world.  More specifically, these power 
plants could be located anywhere in a cold climates where there are 
appropriate geological formations for carbon sequestration and 
enhanced natural gas recovery. After local electrical demand is satisfied, 
all the remaining power could be used to power the direct air 
capture. Therefore, there is no need to install long distance power-lines 
to customers – there only need to be a price on carbon that is high 
enough to cover the cost of capturing and sequestering carbon.  This 
price level on carbon already exists in some countries and can be 
expected to be implemented in more countries due to the increasing 
alarm about climate change.
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The areas highlighted in red can be considered favourable locations for facilities that 
combine power plants running the Allam Cycle with TerraFixing’s DAC technology in 
terms of temperature, fossil fuel availability, and prospective sequestration sites. This 
map was created for prospective hydrocarbon locations but since every area that 
contains hydrocarbons may be a good location to store CO2, the below map can be 
useful in identifying some suitable locations for these type of facilities:
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The scale of the global CO2 problem is very, very large.  For example, international 
energy agency estimates that amount of CO2 captured must increase to 800 million 
metric tonnes per year in 2030 from around 40 million metric tonnes per year in 
2020.  As indicated earlier, a 300 MW plant can power the capturing and sequestering 
of 2.6 million metric tonnes of CO2 per year.  Therefore, a 1 GW plant could capture 
and sequester about 8.5 million metric tonnes of CO2 per year.  To capture and 
sequester the remaining 760 million metric tonnes of CO2 per year, approximately 90 
of these 1 GW special purpose power plants would be needed.
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If this combined power system was implemented in many locations around the world, 
the scale of the impact on reducing carbon emissions would be extremely large -
likely in the range of billions of tonnes of CO2 per year.  Green Bonds, which are 
growing quickly and totaled more than 295 billion US dollars last year, can be an 
effective way to finance these combined power systems.

Shown next is a simplified flow chart illustrating how projects using this type of 
combined system can be financed.
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Typically, Green Bonds are issued once a project is operational and 
generating income, so bridge financing is normally needed to construct 
and commission these combined power systems.  This bridge financing 
normally includes at least two components.  The first is the equity 
component that is provided by the owners of the project and their 
respective investors.  The second component is a bank loan provided by 
one or more financing institutions such as the Canada Infrastructure 
Bank.

When the Green Bonds are issued to repay this bridge financing, they 
can be promoted to financial firms that are likely buyers of these bonds, 
such as the firms that have joined the Glasgow Financial Alliance for Net 
Zero, which have a combined total of over 70 trillion US dollars under 
management.   Therefore, there are existing financial mechanisms and 
capital available to finance a large-scale implementation of these 
combined power systems around the world.
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In addition to The Glasgow Financial Alliance for Net Zero, there are 
other climate finance initiatives that include firms that would likely 
purchase Green Bonds to finance these types of combined power 
systems.  For example, there is the Institutional Investors Group on 
Climate Change, which includes firms that have 54 trillion US dollars in 
assets under management.  Secondly, there is the Climate Action 
100+ initiative, which includes firms with over 35 trillion US dollars in 
assets under management and finally, the Coalition for the International 
Platform for Climate Finance (IPCF), which includes firms with over $7 
trillion US dollars in assets under management.

Please note that some of the financial firms that are members of one 
climate finance initiative listed here may be members of other initiatives 
also listed here.
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It should be noted that Green bonds are financing mechanisms for 
established and rated borrowers that have projects that meet specific 
environmental attributes. Therefore, a relatively new project developer 
that seeking to utilize Green Bonds may need to partner with a larger 
company or government entity that is considered to be established and 
has an adequate credit rating.   Many companies are now facilitating the 
issuing of Green Bonds. To view a list of some of these companies that 
doing this work, visit: ClimateBonds.net/partners.  On the next slide I will 
outline steps to issue a Green Bond that has been suggested by 
Sustainalytics, which a Morningstar company.
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Given below are a set of steps to issue a Green Bond as suggested by 
Sustainalytics.

First you need to create a document that details the type of projects to 
be financed, use of proceeds, management of proceeds and commitment 
to reporting. This is called a Green Bond Framework.

Then this document needs to be verified by experts. This process is called 
external verification or a second-party opinion.   Afterwards, you can 
proceed like you would with any other bond.  The usual steps apply here, 
which are similar to any other conventional bond. This includes 
structuring the bond by working with an investment bank or an advisor 
and applying for a credit rating for this bond.
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This solution enables several different sectors of the economy to work 
together to benefit whole of society.  For example, capturing carbon 
though the Allam Cycle or with technologies like Shell’s CANSOLV® 
System enables oil, gas and power plant workers to continue working.  As 
well, it helps governments and companies that depend on income from 
fossil fuels to transition to a low-carbon economy, which is critical for 
obtaining their support for this transition.  It should be noted that, while 
carbon capture is being implemented in power plants, other energy 
solutions such as renewable energy farms can and should grow as quickly 
as possible.
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To implement this solution on a global scale, it is important to build 
broad-based public support for it.  This includes responding to related 
concerns such as ones about carbon capture and storage that have been 
expressed by several environmental organizations.   For example, in July 
of 2021, about 500 organizations submitted a letter of concern about 
carbon capture and storage to the Canadian and US gov’ts.  Therefore, I 
recommend that a team of experts in the carbon capture, utilization and 
storage industry work together to respond to the recently published 
concerns by these organizations.
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In conclusion, due to steadily rising atmospheric CO2 levels, there is a 
need for exponential increase in global carbon emissions mitigation 
measures.  There is now a proven breakthrough technology that captures 
100% of the CO2 created when generating power from fuels such as 
natural gas, bio-gas, syngas and diesel fuel.  It is called the Allam Cycle.  
In addition, there are carbon capture technologies such as Shell’s 
CANSOLV® CO₂ Capture System that can be added to existing power 
plants.  The CO2 captured can be utilized for range of uses including 
vertical farming as well as be sequestered in the ground.  Power plants 
with carbon capture can be combined with renewable energy farms to 
produce reliable power to the electrical grid and generate negative 
carbon carbon emissions.  This solution can be financed on a globe scale 
with green bonds that purchased by firms that have joined the Glasgow 
Financial Alliance for Net Zero, which have a combined total of over 70 
trillion US dollars under management. This solution helps governments, 
companies and workers that depend on income from fossil fuels to 
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transition to a low-carbon economy, which is critical for their support.
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To help catalyze the implementation of this opportunity on a global scale, 
we recommend the following:
First, invite independent groups such as DrawDown and the Center for 
Climate and Energy Solutions to work together to estimate the full 
potential impact of implementing this opportunity on a global scale.

Since organizations like IEA have already estimated the potential impact 
of some carbon capture technologies already, this estimate can build on 
work already completed and take into account the latest technologies 
and strategies to accelerate carbon capture and storage globally. 

Second, inform companies in the oil, gas, powerplant, solar energy, wind 
energy, and energy storage sectors about this opportunity, which can 
bring them many billions of dollars of funding.

Third, inform financial institutions that facilitate the issuance of Green 
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Bonds of this opportunity, which will likely enable them generate 
hundreds of millions of dollars in fees doing this work.

Lastly, respond to the recently published concerns about carbon capture, 
utilization and storage by about 500 organizations to help build broad-
based support to implement this opportunity on a global scale.
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Thank you for taking the time to view to this video.  If you are interested 
in more information, please visit ClimateSAN.org/cem.
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