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1. Introduction 
NETWORKS is my term for “Negative Emissions Technologies.” These are the most 
valuable of all renewables. They do not add greenhouse gas (GHG) to the atmosphere, 
and they have the potential of removing GHG from the atmosphere while, in some 
cases, providing other benefits. As you can see from the above title, this is the fifth paper 
on these technologies, and there are total of five technologies explored in the earlier four 
papers, as described (and linked) below. 

New NETWORKS, Part 1: BECCS: The acronym to the left stands for bioenergy with 
carbon capture and storage. In other words plants (usually of the woody kind) store CO2 
as they grow, then the woody biomass is burned, producing energy and the CO2 is 
captured and sequestered for very long periods (thousands to millions of years). 

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

New NETWORKS, Part 2: Mineralization for GHG Capture: Mineralization is using a 
wide range of alkaline mineral waste to absorb CO2, which converts the alkaline mineral 
into another mineral that is suitable for long-term burial. 

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

New NETWORKS, Part 3: Two Solutions: In this case one of the two solutions 
includes BECCS covered above, but the woody biomass is mechanically harvested in 
such a way to enhance wildfire resilience. 

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

New NETWORKS, Part 4 – Peridotite & Soil: This paper really does contain 
descriptions of two technologies. The first is using a clever process to efficiently 
sequester CO2 in a class of near-surface mantle-rocks. The second process uses 
agricultural soil to sequester CO2 while enriching the soil and enhancing crop yield. 

https://energycentral.com/c/ec/new-networks-part-4-%E2%80%93-peridotite-soil  

The NETWORK described by this post is (sort of) BECCS, but the “CC” really 
superfluous since no carbon capture is required. The output of the process is pure CO2, 
water vapor and heat that can be used to produce electricity or provide process heat. 

2. The Contest 
The process, economics, and side benefit (where there is one) of all of each of the 
above-described NETWORKs are very different. Some of these will be an effective way 
of removing CO2 and are the most effective way in a particular market, and are able to 
generate sufficient income to justify their deployment. This income will potentially come 
from two sources: 

 Selling their secondary product (like process-heat or electricity from the 
NETWORK described in this post) if there is any. 

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
https://energycentral.com/c/ec/new-networks-part-4-%E2%80%93-peridotite-soil
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 Offsets, which are financial instruments that are used by the California Cap and 
Trade Program and other similar programs. These are direct payments received 
for removing GHG from our environment. See the earlier post linked below. 

Carbon Offsets: 

https://energycentral.com/c/cp/carbon-offsets  

3. Technology 
The primary technology, oxy-fuel combustion is produced by the company referenced 
here.1 This process uses aerospace technology to burn natural gas or bio-methane in an 
atmosphere of pure oxygen to produce an exhaust stream that only contains CO2 and 
water vapor / steam. This exhaust can then be passed through a heat exchanger 
generate process heat (for desalinization, for instance) or fed into a conventional gas 
turbine. Either of these processes lowers the temperature of the exhaust to where the 
steam condensate falls out as water, leaving pure CO2. The Oxy-fuel combustion 
process is described in the first subsection below. 

The above process begs the question, how does one generate pure oxygen. The second 
subsection below describes methods. 

3.1. Oxy-Fuel Combustion 
At the core of CES' technology is an oxy-fuel combustion system adapted from the same 
principles of rocket propulsion technology that power the American Space Shuttle. The 
CES combustor burns clean gaseous and/or liquid fossil fuel with gaseous oxygen at 
near-stoichiometric conditions in the presence of recycled or even untreated produced 
water. It can burn a wide variety of fuels, including natural gas, associated or produced 
gas, syngas, refinery residues, landfill gas, bio-digester gas, and renewable fuels such 
as glycerin from bio-diesel production facilities…2 

CO2 and steam are the primary products of the oxy-fuel combustion process. CES 
technology is able to recover 100 percent of CO2 produced, ensuring that no pollutants 
are released into the air… 

A key difficulty in oxy-combustion is controlling the reaction, ensuring that the oxidizer 
and oxidant (fuel) mix to form a homogenous flame front, while avoiding hot spots or 
producing un-combusted product. To overcome this complication, American rocket and 
missile propulsion manufacturer Aerojet introduced and developed platelet technology 
for the fabrication of combustor injectors. Through the use of platelets, they were able to 
engineer a highly precise, efficiently mixed, and controllable oxy-fuel combustion 
mechanism. 

Platelet technology provides solutions to difficult thermal and fluid flow problems in a 
variety of applications. In this unique technology, thru and partial depth patterns are 
chemically machined with photographic accuracy in thin sheets of metal producing 
"platelets." These individual platelets are in turn accurately assembled, or "stacked", and 
then joined by solid state diffusion bonding to form a monolithic structure containing 
internal passages. These passages contain precise flow control manifolding and 

                                                 
1 Clean Energy Systems, https://www.cleanenergysystems.com/  
2 Clean Energy Systems, “Oxy-Fuel Combustion,” https://www.cleanenergysystems.com/technology  

https://energycentral.com/c/cp/carbon-offsets
https://www.cleanenergysystems.com/
https://www.cleanenergysystems.com/technology
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metering features along with in-situ filters to preclude contaminant caused plugging or 
occlusion… 

The primary products of Clean Energy Systems is a gas generator (GG) and heat 
exchanger. 

Also known as direct contact steam generators, CES GGs consists of three main parts: 
a burner, attemperator, and associated feed and controls systems. The GG burner 
utilizes platelet technology to intimately mix gaseous fuel with oxygen in the presence of 
water for stable, efficient combustion. Multiple attemperation chambers inject water to 
cool the resulting superheated, high-pressure steam and CO2, producing additional 
steam and controlling combustion chemistry. The attemperation section is extremely 
compact, spanning only about 6.5 feet, but is adaptable for different applications. 
Associated water, oxidizer, and fuel feeder systems are designed for the specific fuel 
qualities targeted in your project. 

Clean Energy Systems, Inc. has opened a new division named HEXCES to focus on the 
design, development, manufacture, and service of compact platelet heat exchangers 
(CPHXs).  Also known as printed circuit heat exchangers (PCHEs), these devices are 
known for their high pressure capability, increased effectiveness, and compact size and 
footprint. The unique capabilities of CPHXs provide efficient thermal management 
solutions across a variety of market applications including power generation, off-shore oil 
and gas, aerospace, and cryogenic and chemical processing. 

CES uses a couple of existing Gas Turbines as a basis for their electric generation 
products, as described below. I believe the “(Siemens SGT-900)” below should be the 
(Siemens SGT-800). I searched the Siemens Gas Turbine site for a SGT-900 and did 
not get any hits. Go through the sites linked at the end of this subsection for additional 
information on these turbines. 

Clean Energy Systems' gas generators are capable of producing drive gases over a 
wide range of pressures and temperatures. Therefore, they can provided gases to meet 
the inlet conditions of steam or combustion turbines. By modifying traditional gas 
turbines to operate with a steam/CO2 drive gas - rather than an air-based drive gas - 
CES is creating a paradigm shift in the energy industry. 

Because drive gas from the gas generator exits at optimal pressure and temperature, 
CES oxy-fuel turbines (OFTs) have no need for the air compressors or combustors that 
are essential components of conventional turbines. By removing these components, 
CES' technology reduces parasitic load and enables approximately three times more 
power to be extracted from the turbine section; essentially turning a conventional turbine 
into an oxy-fuel expander turbine.  

When designing the OFT-J79 and the OFT-900, CES concentrated on re-purposing 
existing turbines that are based upon proven, decade-old technology, i.e. the aero-
derivative GE J79 and the industrial Westinghouse W-251 (Siemens SGT-900). Always 
striving to push boundaries, CES plans to exploit the advantages of OFTs further by 
basing future designs on more progressive, current technology status quo. Additionally, 
instead of basing future designs on existing turbines, it is intended to working with our 
turbine OEM partners to develop expanders based on the capabilities of the CES gas 
generators. With steam generated at pressures easily exceeding 2,000 psi and 
temperatures reaching up to 3,200 F, leaps in turbine expander efficiencies can be 
expected. 
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https://en.wikipedia.org/wiki/General_Electric_J79 

https://www.siemens-energy.com/global/en/offerings/power-generation/gas-turbines/sgt-
800.html 

https://www.linquip.com/device/15855/industrial-gas-turbine-w251b11a  

3.2. Oxygen Production 
The two sub-processes described below appear to be the most efficient method for 
manufacturing Oxygen.3 

Pressure swing adsorption (PSA) functions through two vessels that are filled Zeolite 
Molecular sieve as absorbers. The compressed air is made to pass through one of the 
adsorbers with molecular sieve absorbing nitrogen.  Afterwards, oxygen is directed 
through the adsorber and is collected as a product gas. When the adsorber overflows 
with nitrogen the inlet flow is changed to the second adsorber. The first adsorber is 
made operational by eliminating nitrogen by dropping pressure. This process is repeated 
between high pressure and low pressure. The best quality materials are used for 
manufacturing and fabricating PSA plant and PSA generators. 

On the other hand, oxygen is formed by liquefaction of atmospheric air by separating it 
into oxygen and nitrogen. Upon taking in the atmospheric air into the air separation unit, 
it is compressed in the air compressor. Then, it is passed through a cleanup system 
where impurities like hydrocarbon, carbon dioxide and moisture are removed. The air is 
then directed into heat exchangers where it is cooled to cryogenic temperatures. From 
here on, the air is put through high pressure distillation column where oxygen is 
separated from nitrogen and other gases and is formed at the top of the column. It is 
collected and pushed through a low pressure distillation column where it is distilled till it 
meets commercial requirements. 

4. Projects 
CES is working on one NET project in the California Central Valley. And has recently 
formed a partnership to deploy additional Zero net carbon projects. These are each 
described in the following subsections. 

4.1. MENDOTA BECCS 
Chevron Corporation, Schlumberger New Energy, Microsoft and Clean Energy Systems 
today announced plans to develop a ground-breaking bioenergy with carbon capture and 
sequestration (BECCS) project designed to produce carbon negative power in Mendota, 
California.4 

The BECCS plant will convert agricultural waste biomass, such as almond trees, into a 
renewable synthesis gas that will be mixed with oxygen in a combustor to generate 
electricity. More than 99% of the carbon from the BECCS process is expected to be 

                                                 
3 Air Separation Plant, “How Is Oxygen Manufactured,” Sep 11, 2019, 

https://www.airseparationplant.com/blog/how-is-oxygen-manufactured/  
4 Chevron Press Release, “Chevron, Microsoft, Schlumberger Collaborate on Carbon Negative Bioenergy,” 

March 4, 2021, https://www.chevron.com/stories/chevron-microsoft-and-schlumberger-partner-on-carbon-

negative-bioenergy  

https://en.wikipedia.org/wiki/General_Electric_J79
https://www.siemens-energy.com/global/en/offerings/power-generation/gas-turbines/sgt-800.html
https://www.siemens-energy.com/global/en/offerings/power-generation/gas-turbines/sgt-800.html
https://www.linquip.com/device/15855/industrial-gas-turbine-w251b11a
https://www.airseparationplant.com/blog/how-is-oxygen-manufactured/
https://www.chevron.com/stories/chevron-microsoft-and-schlumberger-partner-on-carbon-negative-bioenergy
https://www.chevron.com/stories/chevron-microsoft-and-schlumberger-partner-on-carbon-negative-bioenergy
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captured for permanent storage by injecting carbon dioxide (CO2) underground into 
nearby deep geologic formations. 

By using biomass fuel that consumes CO2 over its lifetime to produce power and then 
safely and permanently storing the produced CO2, the process is designed to result in 
net-negative carbon emissions, effectively removing greenhouse gas from the 
atmosphere. The plant, when completed, is expected to remove about 300,000 tons of 
CO2 annually, which is equivalent to the emissions from electricity use of more than 
65,000 U.S. homes… 

The completed facility will help improve air quality in the Central Valley by using 
approximately 200,000 tons of agricultural waste annually, in line with the recent 
California Air Resources Control Board plan to begin phasing out almost all agricultural 
burning in the Valley by 2025. The bioenergy technology is designed to operate without 
routine emissions of nitrous oxide, carbon monoxide and particulates from combustion 
produced by conventional biomass plants. 

4.2. Valverde Power Solutions 
Plano, Texas and Rancho Cordova, Calif. -- (PR Newswire) -- October 6, 2021 -- 
Valverde Power Solutions Inc. ("VPS") and Clean Energy Systems, Inc. ("CES") today 
jointly announced that VPS has entered into a definitive Master License Agreement with 
CES granting VPS the right to utilize the CES Oxy-Fuel Combustion technology for an 
initial 15 already-identified clean power and carbon capture and sequestration projects in 
the United States, Mexico and Canada. The CES Oxy-Fuel Burner allows the generation 
of electricity with 100% carbon capture creating clean power while efficiently utilizing 
domestically produced natural gas.5 

Through the Master License Agreement and CES' minority ownership position in VPS, 
our innovative companies are now entering into a collaborative partnership to advance 
the Oxy-Fuel Combustion technology in oil and gas fields and in other industrial 
applications, where natural gas can be converted into carbon-neutral electricity and the 
carbon dioxide (CO2) sequestered or provided to enhanced oil recovery (EOR) 
operators.  

Importantly, oilfield operations can now easily be powered by clean energy reducing 
their carbon footprint at the field level. CO2 and electricity comprise two of the largest 
operating expense components of EOR operations and significant OPEX efficiencies 
can be achieved through the VPS plant design and the Oxy-Fuel Combustion 
technology. The Agreement will also enable VPS to produce a reliable and stable supply 
of clean electricity, complementing other clean sources of electricity from renewables 
and thereby contributing to an integrated, robust and environmentally friendly power grid 
for our economies. 

As part of the consideration for granting VPS the Master License Agreement, CES will 
receive VPS common stock and CES CEO Keith Pronske will join the VPS Board of 
Directors. 

                                                 
5 CES Press Release, “Valverde Power Solutions Positions to be a Carbon Capture Leader Using Clean 

Energy Systems Innovative Technology,” https://www.cleanenergysystems.com/valverde-power-solutions-

positions-to-be-a-carbon-capture-leader-using-clean-energy-systems-innovative-technology  

https://www.cleanenergysystems.com/valverde-power-solutions-positions-to-be-a-carbon-capture-leader-using-clean-energy-systems-innovative-technology
https://www.cleanenergysystems.com/valverde-power-solutions-positions-to-be-a-carbon-capture-leader-using-clean-energy-systems-innovative-technology

