
Kolodji Corporation (Brian Kolodji)
Landfill Methane Regulations only reference methane emission recovery/sepration technologies
that concentrate the methane at a very high and uneconomical cost. Landfill Methane Regulations
do not reference recently patented innovations (Inventor Kolodji, Black Swan, USPatent No.
12,465,884 B2, Issued Novermber 11, 2025) that most economically convert methane emissions
from landfills into a high heating value fuel by way of membrane oxygen enrichment. The mature
(60 year+) science and commercial practice of Oxygen Enrichment has used concentrated oxygen to
locally increase the heating value of fuel streams such as refinery sulfur recovery and steel
production for decades and can also be used for dilute methane as produced from landfills. This
proven science and technology has been around for over 50 years as summarized and promoted by
USDOE, see USDOE Process Heating Energy Tip Sheet #3, Oxygen Enriched Combustion;
DOE/GO-102005-2178, September 2005. The practice of separating and producing concentrated
nitrogen (from 79% to 90+%) and also producing concentrated oxygen (from 21% to 60 %O2)
directly produced from air has been most economically produced and commercially practiced gas
separation with membranes for 50+years. Generon (largest manufacturer in California), Membrane
Technology and Research Incorporated (also in California), and other manufacturers (Air Products
in Missouri is world's largest air separation manufacturer in the world, and Honeywell/UOP ,the
world's largest membrane manufacturer for gas separation, and Schlumberger's Cynara, the next
largest competitor, both with membrane manufacturing operations in California) have been
commercially manufacturing these systems in a circa $100 million dollar industry. California's
membrane manufacturer, Generon, has most economically performed membrane air separation with
Black Swan's recently patented device that reduces membrane costs and energy consumption by up
to 50%, with an up to 10% higher performance than conventional membranes for the past almost
five years. I strongly encourage CARB to consider regulations that allow this most economic
methane emission conversion to fuel innovation that enables a profit to be made out of methane
emission reductions from landfills by making a profit from converting methane emissions to into a
valuable fuel.
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Deck: Kolodji, holder of 7 DAC patents and owner of three DAC pilot plants, brings attention to the 

urgent quintessential challenge of rapidly advancing DAC, arguably the only technology capable of 

achieving carbon neutrality. No better example of the challenge is with the very definition of DAC still 

being in flux and becoming grossly more complicated. This is epitomized by USDOE's new definition 

advanced as of January 2025 compared to the last USDOE pass in August 2024, making for even less 

agreement between other leading major organizations (IPCC, IAE, and CARB) and does a disservice in 

making a gauntlet for DAC innovation. In many of the major organization's definition there is a distinct 

and undue bias towards absorbent-based DAC with Storage (aDACS). DAC innovation and advancement 

is better encouraged with a broader simpler definition of DAC. This is demonstrated with a discussion on 

permanence as related to enhanced nature-based DAC (eDAC) and DAC with uses (DACU) such as with 

membrane-based DAC (mDAC) for production of low carbon sustainable renewable fuels. 

Manuscript: 

CARBON CYCLE MISMANAGED 

In the beginning(1) the carbon cycle(2) created kept atmospheric carbon dioxide (CO2) levels in 

check with reversible biological/ geological chemical reactions, such as the one shown below: 

Fauna Mammal/Respiration Products        Flora Biomass/Bio-Sequestration Products 

   6 CO2 + 6 H2O   metabolism--------photosynthesis with sunlight➔   6 O2 + C6H12O6 

From left to right, fauna (mammal) respiration products of breath, CO2 and water (H2O), react with 

energy from sunlight through flora (living plant) photosynthesis to evolve oxygen (O2) to the atmosphere 

and produce carbohydrates (C6H12O6 or biomass), building blocks of a plant and a form of bio-

sequestration through natural direct air capture (nDAC). This cycle reverses (right to left) with 

metabolized carbohydrates (plant matter eaten and stored in a mammalian body) that react with inhaled 

O2 in air to be respired with reaction products of CO2 and H2O in exhaled breath. The natural carbon 
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cycle was “permanently” maintained with ambient CO2 under 300 ppm, as evidenced with almost 

1,000,000 years of ice core data(3) (see Figure 1, below.) As can also be seen, this robust carbon cycle was 

disrupted in the industrial age with accelerating global rise in CO2 emission rates, unabated at 40 billion 

tons or gigatons/year (GT/Y) in 2024(4), that is still accelerating year after year at 3 ppm/year/year(3) or 

0.7 GT CO2 equivalent/Y/Y(4), because of a similar rection to metabolism shown below: 

                                      Reactants                                   Products 

                                  2 O2 + CH4 (Fossil Fuel Combustion)➔   CO2 + 2 H2O 

 

 

Figure 1- Atmospheric Carbon Dioxide Level in parts per million over the last 800,000 years. 

Industrial emission or “industrial breath”, with the same components as that of biological breath (see dry 

composition in Table 1 inset on Figure 1, above), is more heavily laden with CO2.  As a result, the CO2 

concentration in the miles of upper atmosphere surrounding the globe continues an unprecedented 

rapid exponential rise, relative to the prehistoric time scale in Figure 1 above, leaping in less than 100 

years from 300 parts per million (ppm) to over 400 ppm CO2 today, fueled by this culprit “industrial 

breath” and aided by accomplices of rapid deforestation and urbanization. This rise is also the 

predominant cause of climate change which unabated leads to a high confidence of negative global 

consequences per the Intergovernmental Panel on Climate Change (IPCC)(4), thus the intense interest to 

rapidly advance the leading and maybe only solution capable of abating this seemingly inexorable rise, 

Direct Air carbon dioxide Capture (DAC). 

The International Energy Agency (IEA)(5), United States Department of Energy (USDOE)(6), and the 

State of California, as led by the California Air Resources Board (CARB)(7) are in rare agreement regarding 

DAC in that it is not possible to abate this rise, that is achieve “Net Zero” or “Carbon Neutrality”, without 

DAC. There is also agreement regarding the maturity level of DAC. IEA states ”Future capture cost 

estimates for DAC are wide-ranging and uncertain, reflecting the early stage of technology 

development.”(5) USDOE states “The field of Direct Air Capture is at a relatively early developmental 

stage…result(ing) in uncertainties surrounding its ultimate scale, definition, and market landscape.”(6) 

And CARB states “DAC…is under development today.”(7) 
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 Multi GT/Y DAC scale is needed to accomplish global carbon neutrality goals by 2050(4,5,6,7). This 

goal appears bleak for DAC with still rapidly emerging and evolving DAC technologies not reported as 

successfully deployed at any significant scale, with gross capacity of around 20,000 tons or 0.00002 GT/Y 

reported(4,5,6,7) to date. Not helping is the amount of contrast existing between USDOE’s very specific and 

IEA’s very broad definition. Not surprisingly, there is even more daylight between IEA versus CARB’s 

definition. These distinctions may be a disservice to the development of such a nascent technology as 

DAC, through premature elimination of effective, deployable, scalable, permanent, profitable, and 

sustainable DAC innovation or prejudiced acceptance of DAC boondoggles that don’t work. 

DAC ILL-DEFINED 

IEA has by far the simplest DAC definition of “removing CO2 directly from air” (5).  This broad 

definition is the most inclusive to innovation so as to speed discovery, deployment, and scalability, and 

not cause the elimination of a “silver bullet” technology due to arbitrary or prejudicial whims. USDOE’s 

DAC definition as of August 2024 was “a technology that directly separates planet-warming CO2 from the 

atmosphere for permanent, safe geologic storage or the manufacture of clean, low-carbon fuels and 

chemicals”(8) USDOE’s much more complex definition as of January 2025 is “a technology that 

regenerates a capture medium in a closed loop and/or uses a mechanical air contactor to chemically or 

physically separate carbon dioxide directly from the outdoor or indoor ambient atmosphere without 

reliance on above-average carbon dioxide concentrations caused by nearby point sources of 

emissions.”(6) CARB likewise has a complex DAC definition with a variety of caveats, restrictions, and 

exclusions. CARB specifically restricts DAC to technologies “not designed to be attached to a specific 

source or smokestack.”(7) Unlike IEA for DAC, CARB specifically excludes any use of “biological 

sequestration or nature-based processes(9)…typically accomplished through Natural and Working Lands 

(NWL) management and conservation practices that enhance the storage of carbon or reduce CO2 

emissions with nature-based approaches.”(7) This is a contradiction to California’s emphasized “climate 

smart” goal of finding nature-based solutions.(10,11) CARB is further prescriptive of DAC by relegation to a 

form of “Mechanical Carbon Dioxide Removal (CDR)… where CO2 is removed directly from the 

atmosphere using mechanical and/or chemical processes (7) … that capture and concentrate ambient 

CO2” (7). Thus, as even USDOE doesn’t do, classifying DAC only as a CDR per CARB’s definition, CARB 

inextricably ties DAC to storage, making DAC equivalent to DAC and Storage (DACS), with the further 

restriction of only one form of sequestration or storage choice, that being geologic sequestration(7). With 

this, CARB in fact specifically excludes any potential for DAC with use of CO2 (DACU). USDOE and CARB 

have moved closer to each other on what the yet to be developed DAC can’t be, making a tortuous 

gauntlet for DAC fruition efforts. 

Absorption based DAC (aDAC) such as solid absorbent DAC (sDAC) and liquid absorbent DAC 

(lDAC) are the most highly adopted form of DAC drawing on decades of proven commercial industrial 

scale gas processing for CO2 removal. With air having a CO2 concentration magnitudes lower than 

industrial gases, combined with the necessity for storage of CO2, this aDAC  has become a very high 

capital and energy intensive challenge ($1000+/ton) almost impossible to overcome. Nevertheless aDAC 

is being built today at an unprecedentedly rapid scaleup with potential of up to 1 million tons/year in 

2026(12,13). The dilemma in development is the skipping of technology readiness levels that prejudice 

discovery of major show-stoppers before big bucks are spent producing more CO2 than removed while 

one goes broke. A most recent disclosure(14) is telling in that the very concept of aDAC has a fatal self-

defeating flaw and simply will not work because the performance of the absorbent in the aDAC facility 

drops dramatically as the feed concentration of the air surrounding the facility drops. Most frightening is 

if it did work, it does not remove CO2 from the miles of upper atmosphere, but immediately strips the 
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CO2 only from the small sliver (100 feet) of biosphere above the earth required for life, starving plant life 

of the CO2 required to sustain agricultural with the very real possibility of creating severe food security 

issues, see Figure 2(15) below. Questions continue to arise as to the viability of the aDAC concept being 

able to work at large scale carbon removal and do no harm(12,14).  The world’s largest sDAC facility built 

to-date at just 4000 T/Y, costing over $1000/ton (over $1 Billion, or $trillions at the GT/Y scale), has 

recently been shuttered(13) with very little fanfare.  

 

Figure 2- USEPA Model Results Showing MMT/Y aDAC Impact at 5mph wind and worst case at 0 mph. 

CARBON MANAGEMENT/ DAC DEFINITION CORRECTED 

Figure 1 attests to outstanding permanence for natural storage of CO2 with a time-scale in the 

100s of thousands of years. In Figure 3, the record of large magnitudes of nature’s CO2 storage scale in 

the air at 800 GT and in biomass at 550 GT held over the time-scale shown in Figure 1 also attest the 

ability of the storage to remain permanent. This extent of permanence far exceeds the permanence 

limits estimated by IPCC(4) of 1000 GT for 10,000 years by geologic storage. Figure 3(2) also shows how 

potent and rapid the buildup of nature-based DAC (nDAC) is. Photosynthesis (with plant respiration 

deducted) is credited with nature’s only method for net removal of CO2 from the atmosphere, and 

accounts for a whopping 60 GT/Y of flux or removal of CO2 globally from ambient air, dwarfing all other 

efforts at DAC by man to-date. It is remarkable that CO2 as a minority component in air with just 400 

ppm is proven as the workhorse that produces the majority of a plant’s biomass. 
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Figure 3- Natural Global Carbon Cycle Sinks and Fluxes at normal 400 ppm CO2 

Enhancing natural photosynthesis to effect higher levels of DAC (eDAC) has the potential for 

climate impacting scale of atmospheric CO2 reductions. A general form of eDAC is crop carbon dioxide 

enrichment, the practice of increasing the CO2 levels in a plant’s biosphere from 400 ppmv to between 

600 and 1200 ppmv to effect increased growth rates, biomass production, and water utilization 

efficiency, as practiced for almost a century in greenhouses(16,17). Presented in Figure 4(18) and Figure 

5(19,20) below are published results in Open Top Chambers (OTC) showing between 100% to 200% 

increases in crop yields and water utilization efficiency of cotton and citrus, respectively, “with complete 

lack of change to elemental composition.” (19) Another form of eDAC is Free Air Carbon Dioxide 

Enrichment (FACE)(21) which is crop carbon dioxide enrichment without enclosures, with the same results 

expected, as studied for over 50 years by USDOE and USDA. “What was learned from these experiments? 

If there is a single scientific conclusion from the many years of investigation and more than $100 million 

invested, it might simply be that most of the C3 plants and terrestrial ecosystems studied do respond 

positively to increased concentrations of atmospheric CO2. This response is due to the primary effects of 

CO2 on photosynthesis and stomatal aperture…”(21) Over 95% of all flora are C3 Plants, including most 

crops. 

FACE goes counter to many elements and rules defining DAC(S). FACE can use emissions from a 

stack say of a power plant or other flue gas generator (post-combustion) to supply large quantities of 

conditioned CO2 from flue gas to orchards, as “industrial breath” to increase biomass production. Prior to 

FACE, the concentrated CO2 in flue gas never reached the orchard. With elevated high temperature 

buoyant discharge at high velocity, the highly concentrated CO2 in flue gas at the release point was shot 

miles into the upper atmosphere and only trickled back down to the biosphere at grade after being 

diluted by the magnitude greater volume of upper atmosphere (see Figure 6(22) below). FACE feeds a 

conditioned higher than ambient CO2 concentration stream into an orchard for proven increased 

agricultural production. FACE enhances photosynthesis and involves bio-sequestration, and is thus not a 

chemical or mechanical process. FACE does not capture CO2 from air as CO2, nor does FACE concentrate 

CO2, thus geologic storage for this form of DAC is not in play. Instead, FACE uses the increased CO2 

concentration in the biosphere to directly produce more biomass in the form of carbohydrates, as has 

been done since “In the beginning…”  The only rule FACE does not break in DAC definitions is that it 
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“removes CO2 directly from air”. In the search for the answer for a profitable, deployable, effective, 

scalable, permanent form of DAC, the failure to discover eDAC or FACE has been suffering from a 

terminal case of “not seeing the forest for the trees.” FACE is highly scalable and deployable because of 

profit ($10/Ton), plug and play with existing facilities (power plants/farms) (22) and nature’s effectiveness. 

The enhanced nature-based DAC (eDAC) technology like FACE makes plants into little green CO2 

absorbing machines. The capture rate is estimated at 10 T/Y/Acre of crop(15). CARB’s 2030 DAC capture 

goal of 7 MMT (on page 96, Table 2-3 of the Scoping Plan for Achieving Carbon Neutrality(7)) could be 

exceeded with just a fraction of the acreage of a single crop, that being almonds(15) and make a profit 

with increased crop yield doing so. FACE can potentially capture between 30 and 120 GT/Y of additional 

CO2, while drawing down the CO2 in the upper atmosphere by growing more biomass (see Figure 7, 

below.) FACE is scalable and deployable at Million Ton/Year DAC scales(15). As biomass production 

continues above that needed, the biomass is culled as a low carbon renewable and sustainable fuel and 

becomes a fossil-based fuel replacement with lower life-cycle emissions. “The traditional biofuel 

production reaction is: 

Biomass   +   O2     >>>>> Gasification/Fischer-Tropsch >>> Hydrocarbon fuels   +   CO2   

 

Figure 4(18) 

Cotton Carbon Yield increase up to 50% at 500 PPM, up to 100% (Doubles) at Enrichment to 650 ppm 
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Figure 5(19) 

Citrus Yield/Flux Increases 100 to 200% (Doubles and Triples) at Enrichment to 550 ppm 

 

In traditional biofuel production, the cost of biofuels is driven by the cost of biomass.”(24) FACE’s increase 

in biomass production makes producing sustainable renewable carbon negative fuels more economic. If 

the cost of oxygen production can be brought down, biofuels production becomes even more economic.  

Introducing membrane based Direct Air Capture (mDAC), a technology capable of the co-capture 

for both oxygen and CO2 from air. Like aDAC, mDAC is based upon leading commercial industrially 

proven air separation technology. mDAC is also effective when applied pre-combustion to a power 

plant(22) (see Figure 8) as a replacement to the combustion air source allowing significant reduction of 

fuel consumption through oxy-combustion per USDOE(25), (see Figure 9.)(22)  

Both eDAC and mDAC make a case for Direct Air Capture with Use (DACU). Per IEA, DACU 

demonstrates permanence and “can still deliver clear climate benefits, particularly when the application 

is scalable, uses low-carbon energy and displaces a product with higher life cycle emissions. In the 

decarbonisation path towards net zero emissions, atmospheric CO2 will eventually need to displace the 

use of fossil-based carbon. While CO2 use can deliver climate benefits under the circumstances 

mentioned above, it is a complement rather than an alternative to CO2 storage, which is expected to be 

deployed at a much larger scale in order to reach international climate goals.”(5) 

The goal is to further the target to net zero or carbon neutrality (Figure 10), as can only be 

evidenced by the halt to acceleration and the halt to the rise of CO2 concentration in the atmosphere, 
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let alone lowering of CO2 concentration (carbon management). This can only be achieved by supplanting 

high carbon unsustainable non-renewable fossil fuels with low carbon sustainable renewable biofuel 

production as shown in the complete Black Swan Cycle (see Figure 11.) 

 

Figure 6(22) 

 

 

Figure 7(22)- With FACE as eDAC, carbon neutrality by 2035 can be achieved. 
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Figure 8(22) 

 

  

Figure 9(22) 
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Figure 10(22) - Modified Keeling Curve to show process to Carbon Management 

 

 

 

Figure 11(22) 
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Enhanced Nature-Based Direct Air Capture (eDAC) 

Scaled to 1 million Tons/Year of CO2 by 2027 
Making Food by Using Free Air Carbon dioxide Enrichment (FACE) 

as opposed to absorbent-based DAC (aDAC) with potential for Negative Impact to Food Security

“-then the Lord God formed the man out of the dust of the ground and blew into his 
nostrils the breath of life, and the man became a living being.” Genesis 2:7
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Broken Natural CO2 Cycle- Repaired with
enriched Direct Air Capture (eDAC) 

Over 95% of plant growth is dependent upon carbon supplied at 400ppm CO2

     6CO2 + 6H2O + sunlight >> 6O2 + C6H12O6 : photosynthesis

Natural Cycle is broken and overwhelmed by industrial respiration
6O2 + C6H12O6 (carbohydrate) >> 6CO2 + 6H2O: natural respiration
(3X/2+1)O2 + CxHx+2 (fossil fuel) >> XCO2 + (X+2)/2 H2O: industrial “respiration”
Where: X= 6000

Double down on photosynthesis- to match overactive respiration
Spiking crop biosphere with CO2 between 600 to 1000 PPM
Biomass/ agricultural production increased 40% to 200%

eDAC- Low Cap/Energy/Resource Intensive Direct Air Capture



Cause? Energy Carbon Mis-management

“Keeling Curve” Started in 1959

Dry         Atm   Exhaled    Industrial 
Basis        Air      Breath     “Breath”
% CO2    0.04          5              10
% O2         21          16              2    
% N2         79          79             88



HIGHEST CO2
ACCELERATION

LOWER CO2
ACCELERATION

LOWEST

…CANNOT REDUCE
THE ABSOLUTE LEVEL OF 
CO2 IN ATMOSPHERE…
Aren’t green or scalable

And if they were

CURRENT CONVENTIONAL DIRECT absorbent-based AIR CAPTURE (aDAC) TECHNOLOGY

Can Only Decelerate
CO2 rise, CANNOT even 
ACHIEVE NEUTRALITY
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ACHIEVES 
CARBON NEUTRALITY

 AND BEYOND…
MANAGEMENT!

CAN REDUCE AVG LEVEL OF 
CO2 PPM IN ATMOSPHERE!

“Keeling-Kimball-Kolodji” Curve
can only be achieved with eDAC that…



2022 Scoping Plan Update (ca.gov)Reference Link:

Refer to pages 92 and 96 (Table 2.3)

https://ww2.arb.ca.gov/sites/default/files/2023-04/2022-sp.pdf


“Preliminary estimates indicate that, globally, 

capacity from already announced projects will range from

… about 2,000 metric tons per year (MTCO2/y)

 to 1 MMT CO2/y from DACs by 2027

which indicates that California’s 2030 target

 is an ambitious, but achievable, goal”
 (as identified by Governor Newsom 

and the Legislature- see Pages 95-97 and Table 2-3 below.)



STATEMENT AND TARGETS FROM CARB 2022 SCOPING PLAN FOR CARBON NEUTRALITY: 
“To achieve carbon neutrality, mechanical CDR will therefore need to be deployed… Direct air capture 
(DAC) is one available option that is under development today and could be widely deployed.”



Direct Air Capture: A key technology for net zero (iea.blob.core.windows.net)Reference Link:

SEE TABLE LISTING DAC FACILITIES FROM PAGE 19 OF REFERENCE IN NEXT SLIDE

2022

https://iea.blob.core.windows.net/assets/78633715-15c0-44e1-81df-41123c556d57/DirectAirCapture_Akeytechnologyfornetzero.pdf


#1 Solid Absorbent (aDAC)eg. Climeworks’ ORCA>>

#2 Greenhouse Crop CO2 Enrichment (eDAC)
Commercialized for 60 years in greenhouses>>>

TWO KNOWN LEADING DAC TECH TYPES:



Solid Absorbent (aDAC) 
MORE FAST TRACK DEVELOPMENT (rapid scale-up and skipping smaller pilots) HEADLINES



Solid Absorbent (aDAC) 
FAST TRACK DEVELOPMENT HEADLINES (skipping pilots)



EXPERTS REMAIN DIVIDED ON ABSORBENT DAC (aDAC) TECHNOLOGY’S VIABILITY…

- COST:  $1Billion / 0.5 Million Tons/Year  =   $2000/Ton of CO2 Captured

- To Achieve Neutrality: Remove 5 Billion Tons/Year of CO2 at $2000/Ton = Budget Busting $10 Trillion

AND WORST CASE ENVIRONMENTAL IMPACT…

- RISK: Absorbent based DAC (aDAC) is banking on the trickle down of CO2 from the miles (62) of upper atmosphere to prevent 
Excessive Depletion of CO2 in the tiny sliver (100 feet) of biosphere from Impacting Food Security. Plants cannot grow without 
CO2 in the biosphere. This facility will be taking CO2 from near grade atmosphere.

- CO2 in absorbent DAC (aDAC) is removed at near grade level, within the biosphere of fauna and flora where all life thrives:

0.5 Million Tons CO2 at near grade / 0.1 Tons/A-100’= Equivalent to 5 million acres of Biosphere depletion/Year



- Baseline: Ambient Mass of CO2 in a discreet volume of biosphere 100 Feet High X Acre with 400 ppm:

- 1 Acre X 43,560 Sq. Ft  X 100 Ft High Air X 400 PPMV CO2      X  0.114 Lbs CO2 =  200 Lbs CO2= 0.1 Ton CO2/A-100’
             ACRE                                         1,000,000 Parts Air      Cubic Ft CO2  AcreX100Ft 
          Volume of Air
          (Biosphere)

100 feet

~200 feet

62 miles = 300,000 feet 
of Upper Atmosphere >
where no life exists

~~

DISCRETE ELEMENT 
OF BIOSPHERE:
Atmospheric zone 
Where all life exists

~200 feet

1 ACRE =
200’ X 200’

Air has 
400 ppm CO2

Prove this with the
“Bedroom Dry Ice Challenge”
By using 1 ounce of Dry Ice in 
a 10’X10’X10’ room, and 
measure with a CO2 monitor 
to get 800 ppm in the room.

Calculated and Depicted Below: ONLY 200 
pounds of CO2 in an acre X 100 feet of Air!!!



~88 miles

~88 miles

One ½ million T/Y 
aDAC Facility

Makes an Equivalent
5,000,000 Acre  “No Grow” or 

“Dead Zone”
With No CO2 for Photosynthesis

and Biomass Growth

100 feet

~ ~
~ ~

~ ~
~ ~

~ ~
~ ~

88 miles = 465,000 square feet

~ ~
~ ~

~88 miles

10 Million Tons/Yr of aDAC (1/7 of CARB 2050 Goal of 70 Million Tons of CO2)
Is Equivalent to Depleting a 100-foot high layer of biosphere for California’s Entire ~100 Million Acre Land Mass 

Kern County, California’s largest ag producing county has 80 Million Tons/Year DAC planned before 2035

62 miles = 300,000 feet 
          of upper atmosphere      >
           where no life exists

~~

500,000 T/Y aDAC
0.1 Ton/Y-Acre (previous slide)

5,000,000 acres    =

“Do The Math (Below)”

WORST CASE ABSORBENT DAC (aDAC) TECHNOLOGY’S IMPACT…



Found at USEPA Link as follows-

ABSORBENT DAC (aDAC) TECHNOLOGY’S NEGATIVE IMPACT on AGRICULTURE
…per Decades Accepted USEPA Methods

1973



SIGMA Y , SIGMA Z – Gaussian Distribution of Standard Deviation Plume Concentrations in the Horizontal and Vertical Planes 

SIGMA Y SIGMA Z from curves that follow: 

Stack and Plume Height (H and z) and y are zero

Mean Wind Speed

Uniform Emission Rate

Ground Level Continuous Concentration (x) Directly Down Wind at Distance x from the Source

ABSORBENT DAC (aDAC) TECHNOLOGY’S IMPACT
Calculation for Concentration of Depleted CO2 Near Ground Level Concentration Miles Downwind 

of a Million Ton/Year aDAC Facility



USEPA DATA TABLE USED TO ACCOMMODATE WIND AND CLIMATE 
used in SIGMA  Y  and SIGMA Z Curves that follow:



Curve for SIGMA  Y  Values

550m @ 10 km* 
>

70m @ 1 km >>>>>> 

8m @ 0.1 km >>>>>>>

SIGMA  Y  Values at 
“D” Stability for
MM Ton/Y aDAC

200m @ 3 km >

km = kilometers*



Curve for SIGMA   Z  Values

140m @ 10 km >>>>>>>>

32m @ 1 km >>>>>>>>>> 

4.6m @ 0.1 km >>>>>>>

SIGMA  Z  Values at 
“D” Stability for
MM Ton/Y aDAC

64m @ 3 km >>>>>>> 



Q, Depleted Air Emission Rate (g/s) = CO2 Removed (g/s)/ Mass Fraction Concentration of CO2 in Normal Air

 CO2 Removed from Normal Air (g/s) = (1MM T/Y) X (1MM grams/T) X (1 year/31,536,000 seconds) = 28,827 g/s

                         Conc conversion in Normal Air = (200 lbs of CO2/ 4365000 cubic feet air) X (1000 g/ 2.2 lbs) X (1 cubic foot/ 0.028317 cubic meter) = 0.736 g CO2/ m3 normal air (g/m3)

Using results from above and the R Constant 8.206 X 10-5 the Q, Depleted Air Emission Rate (g/s) is calculated below:

Q, Depleted Air Rate from aDAC (g/s)= 28,827 g/s CO2 X (29 g/gmol Air) / 0.736 g/m3 / 8.206 X 10-5 / 298.15 K = 4.8 X 107 g/s

x (0.1km,0,0,0) = 4.8 X 107 g/s / (pi X 8 X 4.5 X 2 m/s) = 212,207 g Depleted Air/ m3 Air (g/m3) at 0.1 km from MMT/Y aDAC

Calculation for Ground Concentration (x (0.1km,0,0,0) in g/m3) 
as Mass of Depleted Air, as g released

into Volume of Normal Air, as m3

with “D” Stability and 2 m/s Wind at x=0.1 km Downstream of 1MMT/Y aDAC 



For x at 0.1 km, the R Constant of 10.73 calculates a conversion factor to ppmv Depleted Air in Normal atmospheric air:

(1 lb/29 lbmol) X (2.2 lb/ 1000 g) X (10.73/ 14.7 psia) X (520 R X 0.028317 m3/ft3 X 106) = 815.4 ppmv/(g/m3)

815.4 ppmv/(g/m3) X (212,207 g/m3) = 173 X 106 ppmv of Depleted Air in Air at x from aDAC

Calculating the concentration ppmv of CO2 in Atm at x, the following equation is derived:

ppmv of CO2 in Atm at x = ppmv of CO2 in Depleted Air at x + ppmv of CO2 in Normal Atmosphere at x:

Since ppmv of CO2 in Depleted Air at x = zero or 0 ppmv, thus
 
ppmv of CO2 in Atm at 0.1km = (400 parts CO2 in Normal /(173 X 106 parts Depleted Air+ 1 X 106 Parts Normal Air)) X 106 
    

2.3 ppmv CO2 in “D” Stability atmosphere at 0.1 km downwind from 1MMT/Y aDAC unit
   

Convert concentration Depleted Air in Normal Air (x (0.1km,0,0,0) in g/m3) to ppmv CO2 in Atmosphere with “D” Stability& 2 m/s Wind 

Depleted CO2 Concentration at x= 0.1 km Downstream of 1MMT/Y aDAC 



x (0.1km,0,0,0) = (4.8 X 107 g/s / (pi X 8 X 4.5 X 2 m/s)) X 815.4 = 173 X 106 ppmv Depleted/Normal Air at 0.1 km from MMT/Y aDAC
2.3 ppmv CO2 at 0.1km = (400 parts in Normal /(173 X 106 parts Depleted Air+ 1 X 106 Parts Normal Air)) X 106

x (1.0km,0,0,0) = (4.8 X 107 g/s / (pi X 70 X 32 X 2 m/s) X 815.4) = 2.8 X 106 ppmv Depleted/Normal Air at 0.1 km from aDAC
100 ppmv CO2 at 1km = (400 parts in Normal /(2.8 X 106 parts Depleted Air+ 1 X 106 Parts Normal Air)) X 106

x (3km,0,0,0) = (4.8 X 107 g/s / (pi X 200 X 64 X 2 m/s) X 815.4) = 0.49 X 106 ppmv Depleted/Normal Air at 0.1 km from aDAC
270 ppmv CO2 at 3km = (400 parts in Normal /(0.49 X 106 parts Depleted Air+ 1 X 106 Parts Normal Air)) X 106

x (10km,0,0,0) = (4.8 X 107 g/s / (pi X 550 X140 X 2 m/s) X 815.4) = 0.085 X 106 ppmv Depleted/Normal Air at 0.1 km from aDAC
370 ppmv CO2 at 10km = (400 parts in Normal /(0.085 X 106 parts Depleted Air+ 1 X 106 Parts Normal Air)) X 106

x  or Depleted Air in Normal Air, ppmv and CO2 in atmosphere, ppmv  
at 0.1, 1, 3, and 10 km Downstream of 1MMT/Y aDAC 



2.3 100 270 370

0.1 km

1 km

3 km

10 km

Distances from MMT/Y aDAC

USEPA Model Max ppmv CO2 Ground 
Level Centerline Concentration

No Growth (-100%) to Low
(-50%) Growth Zone

Low (-50% to -10%) Growth or Yield Zone

MMT/Y 
aDAC Unit

100+ km

WORST CASE ESTIMATE, 0 ppmv

USEPA MODEL ESTIMATES

~



aDAC
Performance

eDAC
Performance



No (-100%)
to Low
(- 50%)

Growth
Zone

High (+50%) to 
Very High (+200%) 
Growth Zone

Low to 
Normal
Growth
Zone

High to 
Normal
Growth
Zone

aDAC
Performance

eDAC
Performance



Form of eDAC with INCREASED YIELDS and with No impact to Nutrition per below:
Data Points showing FOUR PEAK PRODUCTION YEARS AT + 100% YIELD INCREASE

Data Points showing THREE TROUGH PRODUCTION YEARS AT + 200% YIELD INCREASE!

Normal 
Air
Curve

eDAC
Curve

A 
Form of 

eDAC

USDA STUDY!



-
MINUS

=

CO2 ENRICHMENT LEVEL

eDAC- Enhanced Nature Based Direct Air Capture, Use, and Bio-Sequestration

- The Difference between aDAC and eDAC?
- Enhanced Nature Based DAC (eDAC) is banking on building an “Infrastructure of CO2 Absorbing Machines” in the form of 

nature based Biomass Generating Plants converting and drawing down the CO2 concentration levels from the miles of upper 
atmosphere by supplementing CO2 in the tiny sliver (100 feet) of biosphere and improving Food Security by increasing yields.



120 GT/Y Photosynthesis Flux – 60 GT/Y Plant Respiration Flux = 60 GT/Y Global Plant Biomass Sink (Biosequestration) Increase
Enhanced nature-based DAC (eDAC), can increase bio-sequestration potentially 50% or to 90 GT/Y

Nature Based Direct Air Capture (nDAC)



FREE AIR CARBON DIOXIDE ENRICHMENT (FACE)- CROP CARBON DIOXIDE ENRICHMENT (FACE) WITHOUT ENCLOSURES
a Form of eDAC

Quote from “Lessons and Legacy of US DOE’s CO2 Research Program of FACE, a Form of eDAC stated on page 99:
“What was learned from these experiments? If there is a single scientific conclusion from the many years (40-YEARS see 
below) of investigation and more than $100 million invested, it might simply be that most of the C3 plants and terrestrial 
ecosystems studied do respond positively to increased concentration  of atmospheric CO2.”



40 miles

40 miles

1,000,000 
acres

100 feet

~ ~
~ ~

~ ~
~ ~

~ ~
~ ~

40 miles = 211,200 square feet

~ ~
~

40 miles

5 to 10 Million Tons/Yr of capture potential with 1,000,000 acres of eDAC (up to 1/6 of CARB 2050 Goal)
Is Equivalent to Doubling the CO2 in a 100-foot high layer of biosphere

 for 1/2 of California’s Almond and Pistachio Crop 
Potentially adding $3 Billion to California’s $25 Billion Farm Operations Economy (over 10% increase)

REFERENCE:

TARGET: 2028





2016 EXPECTED INCREASED RETURN ABOVE COST Per UC Davis for eDAC



CITRUS CROP CARBON ENRICHMENT
BASIS: MIN + 60% YIELD

Dollars/Carton    %      $/100 ACRES/Y

 18.80  888%    $362,000
 19.80  436%    $400,000
  20.80  304%    $422,000

ALMOND CROP CARBON ENRICHMENT
BASIS: MIN + 50% YIELD

Dollars/lb      %    $/100 ACRES/Y

  3.00  318%    $335,300
  3.50  200%    $445,300
  4.00  145%    $510,300

eDAC
2016 EXPECTED INCREASED RETURN ABOVE COST Per UC Davis

BLACK · SWAN 

With eDAC…enough capacity to capture global industrial carbon…AND … with a profit … that benefits food security
… not like aDAC…a societal budget busting cost… and food security threat… 



fiBLOCK FLOW DIAGRAM FOR eDAC 



eDAC



“Does a lion roar in the forest when it has no prey?” Amos 3:4



eDAC Block Flow Diagram



500 HP Natural Gas Fired Engine for an Irrigation Well Pump

 SCALE: 2000 tons/year CO2eDAC



Pathway and
 Temperature 
of CO2 Bearing
Flue Gas

3-400 F

60-80 F
200 F

eDAC



BWDAC

Pathway and
 Temperature 
of CO2 Bearing
Flue Gas

60-80 F

eDAC



CO2 Distribution Ducting Delivers CO2 for Dispersal of CO2 into  Almond Tree Canopy

eDAC



CO2 Monitors Located in Almond Tree Canopy



eDAC Results

BLACK · SWAN 

TWO TREE ENRICHED CO2 3-D CONCENTRATION PROFILE BELOW 10 FEET PEAKS

1500 PPM
PEAK

700 PPM
AVERAGE



 “KITTY HAWK MOMENT”
BLACK · SWAN 

30 Minute Run
1000 ppm avg at 10’
550 ppm avg at 15’

eDAC Results
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Energy Food

Water 
and 
CO2

Black Swan Cycle



THANK YOU FOR YOUR TIME & PATIENCE!!!!!
Brian Kolodji, PE, President and Owner

 Kolodji Corp and Black  Swan, LLC

11/13/2024

bkolodji@sbcglobal.net, cell: (713) 907-8742

Black Swan, LLC

Jesus said to them, again,

 “Peace be with you. As the Father has sent Me, so I send you.”

 And when He had said this,

 He breathed on them and said to them, 

“Receive the Holy Spirit.” 

mailto:bkolodji@sbcglobal.net


presented  at

American Institute of Chemical Engineers

April 9th, 2025

by

Brian Kolodji, PE, President and Owner

bkolodji@sbcglobal.net, cell: (713) 907-8742

 Kolodji Corp / Black  Swan, LLC

ENERGY CARBON MANAGEMENT/ INTELECTUAL PROPERTY HOLDING COMPANY
52

Enhanced Nature-Based Direct Air Capture (eDAC) 

Scaled to 1 million Tons/Year of CO2 by 2027 
Making Food by Using Free Air Carbon dioxide Enrichment (FACE) 

as opposed to absorbent-based DAC (aDAC) with potential for Negative Impact to Food Security

“-then the Lord God formed the man out of the dust of the ground and blew into his 
nostrils the breath of life, and the man became a living being.” Genesis 2:7

Black Swan, LLC

mailto:bkolodji@
mailto:bkolodji@sbcglobal.net


American Institute of Chemical Engineers 2022 National Meeting

Brian Kolodji, PE, President and Owner

Kolodji Corp and Black  Swan, LLC

bkolodji@sbcglobal.net, cell: (713) 907-8742

ENERGY CARBON MANAGEMENT

11/14/2022

Dr. Bruce Kimball, Retired USDA (Green Leaf Group); 
Dr. Brian Marsh, County Director Advisor University of California Cooperative Extension- Kern County

Paramjit Dosanjh, Manager/Owner Dosanjh Brothers Orchards
Dr. Amit Gunasakara, Formerly with California Department of Agriculture, Chief Scientist

Manual Aguayo, Kolodji Corporation, Supervisor Operations
Dr. Marc Straub, Vice President, Formerly with Generon

1

POWER PLANT MDAC AND FGXB REDUCES FUEL CONSUMPTION AND BIOSEQUESTERS

“-then the Lord God formed the man out of the dust of the 
ground and blew into his nostrils the breath of life, and the man 

became a living being.” Genesis 2:7

Black Swan, LLC

mailto:bkolodji@
mailto:bkolodji@sbcglobal.net


BLACK · SWAN FXGB & MDAC:

1. Remove All five (5) GT/Y CO2 
produced from All  US Sectors

2. Remove another 5 GT/Y from air

3. Achieve Carbon Neutrality and 
beyond…Carbon Management…

    Energy Carbon Management!!!

2020 REFERENCE



Cause? Energy Carbon Mis-management

“Keeling” Curve

Dry         Atm   Exhaled    Industrial 
Basis        Air      Breath     “Breath”
% CO2    0.04          5              10
% O2         21          16              2    
% N2         79          79             88



HIGHEST CO2
ACCELERATION

LOWER CO2
ACCELERATION

LOWEST



HIGHEST CO2
ACCELERATION

LOWER CO2
ACCELERATION

LOWEST

…CANNOT REDUCE
THE ABSOLUTE LEVEL OF 
CO2 IN ATMOSPHERE…
Aren’t green or scalable

And if they were

CURRENT CONVENTIONAL CO2 CAPTURE TECHNOLOGY

Can Only Decelerate 
CO2 rise, CANNOT even 
ACHIEVE NEUTRALITY
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ACHIEVES 
CARBON NEUTRALITY

 AND BEYOND…
MANAGEMENT!

BLACK · SWAN 

Flue Gas eXtraction and Bio-sequestration (FGXB) & 
Membrane Direct Air Capture (MDAC)

CAN REDUCE AVG LEVEL OF 
CO2 PPM IN ATMOSPHERE!



CONVENTIONAL POST-COMBUSTION CO2 CAPTURE

Separates CO2 from Exhaust Stream

(~10% CO2)



CONVENTIONAL POST-COMBUSTION CO2 CAPTURE UNIT
 KEY COMPONENTS, SEQUENCE, STREAMS

90%+ CO2 PRODUCT
COMPRESSED FOR
EOR/ SEQUESTRATION

CO2
Separation
Adsorbent

Or

Lean

RICH
SOLVENT

/Pump

REGENERATION

LEAN GAS

~ 10% CO2 IN HOT FLUE 
GAS FROM POWER
PLANT STACK EXHAUST

SEPARATION 
HIGH PRESSURE
COMPRESSION

BLOWER

QUENCH/
COOLING

Ai
r

HIGH CAPITAL/ ENERGY/ RESOURCE CONSUMPTION COMPONENTS



PETRA NOVA- CONVENTIONAL POST-COMBUSTION CAPTURE

• LARGEST: 1.6 Million Ton/Year (MMT/Y) 

• 99% CO2 Product from 10% in Fluegas 
-for Enhanced Oil Recovery (EOR)

    -(Carbon Positive, Not Green)
    -Makes more carbon than removed!

• Not Economic at $1B ($600+/Ton)

• Cost: $4 Trillion for US 6GT/Y Removal

+



CONVENTIONAL DIRECT AIR CAPTURE (DAC)

(7 to 10%

(~3% CO2 in Natural 
Gas- 95% CH4)

(0.04% CO2)

100 Volumes

1000 Volumes

1100 Volumes

100 Units

)

to atmosphere

NOT RELIANT UPON POWER GENERATION



CONVENTIONAL DAC or Direct Air Capture Unit
KEY COMPONENTS, SEQUENCE, STREAMS- Same but double the number as Post-Comb

90%+ CO2 PRODUCT
COMPRESSED FOR
EOR/ SEQUESTRATION

CO2
Separation
Adsorbent

Or

Lean

RICH
SOLVENT

/Pump

REGENERATION

LEAN GAS

AIR WITH
0.04% CO2

SEPARATION 

COMPRESSION

BLOWER

QUENCH/
COOLING

Ai
r



CONVENTIONAL DIRECT AIR CAPTURE (DAC)/ EOR
OXY LOW CLIMATE VENTURES/ CARBON ENGINEERING

$1000+/Ton, Looks expensive/complicated? It is!

Highest Driving Force Required- Dual sep/regen cycles & EOR



CONVENTIONAL PRE-COMBUSTION CO2 CAPTURE

of Fuel

Separates CO2 from Fuel Stream



Lean
Gas

BLACK · SWAN 

Compression

Up to 50% CO2, 
High Pressure
 Field Gas

CONVENTIONAL PRE-COMBUSTION CAPTURE

UP TO 
90% CO2 
for EOR

Membranes
    

High Pressure 
Natural Gas
 (3% CO2)

HIGH PRESSURE
COMPRESSION

SEPARATION



PRE-COMBUSTION Carbon Capture/ EOR with Membranes

3.2 Million Tons CO2/ Year  LARGEST EVER Captured

CO2 for EOR Produces 100,000 BOPD & 150MMSCFD Oil and Gas 



+

CONVENTIONAL

SEPARATING NITROGEN FROM AIR TO CONCENTRATE CO2 IN EXHAUST

H2O+
+



+

Under 50% 
CO2 for 
FGXB Crop 
Carbon 
Enrichment

SAVES CAPITAL/TAKES ADVANTAGE OF DIMINISHING RETURNS ON 
FUEL SAVINGS AND DIRECT AIR CAPTURES CO2 WITH O2

BLACK · SWAN MDAC/ FGXB

H2O+



18

O2          %O2 Purity     %O2 Net   % Fuel 
Source  Dry Concen   Increase Savings 
A Air          20.9            0               0 

B MDAC        21-50          ~1-30        30-60

C ASU        90-99+%       70-80       70 Max
Cryo/ VPSA/ PSA
(Cryo/V/PSA)

Figure 2 Reference:

BASELINE



Lean
Gas

Lean
Solvent

BLACK · SWAN 

Air
(0.04% 
CO2/ 
21%O2)

Compression

AIR

CONVENTIONAL OXY-COMBUSTION

UP TO 
90% O2,  
POWER 
PLANT 
AIR 
INTAKE

UP TO 
90% CO2 
for EOR

Air 
Sep
Unit 

(ASU)
or

VPSA
Or

Memb 

HIGH PRESSURE
COMPRESSION

HIGH PRESSURE
COMPRESSION



MDAC O2 
REPLACES 
POWER 
GENERATOR 
COMBUSTION 
AIR. HOT FLUE 
GAS FROM 
STACK 
ECONOMIZER TO 
FGXB
(UNDER 50% 
CO2)

BLACK · SWAN 
MDAC/FGXB

PRE/POST/ DAC/ OXY-COMBUSTION CO2 CAPTURE

MDAC Low Pressure transport of 
up to 50% CO2 for local
Crops/ Bio-sequestration

FGXB

Air
(0.04% 
CO2/ 
21%O2)

(0.1% 
CO2/ 60% 
O2 Max)

DEEP VACUUM
COMPRESSION



Only “Green” Capture : BLACK · SWAN MDAC/FGXB Advantage Summary
     “Cherry picks” from the best, decades proven SCALABLE technologies
- Both are Direct Air Capture (DAC), Pre- and Post-Combustion
- Both based on large scale commercial practice for over 50 years
- Bio-sequestration (per USDA/USDOE/UCBerkeley) to 30 GT/Y Capture

Least capital/energy/resource intensive, hence only “green” tech
- No regeneration, high pressure compression/ high temperatures
- Min 30% less power plant fuel consumption/ No recycle for cooling

Least investment/ profitable (2 y ROI)/ sustainable renewable energy
- “Plug and play”-No furnace/pipe material mods- simplifies install
- 1/5 cost for conventional oxy-combustion/ a tenth of conv. DAC 
- Fuel, water savings, more agriculture/biomass (renewable fuel)



FLUE GAS RELEASE POINT
               Before FACE      With FACE 
1.Release Elevation:      100 + Ft            < 10 Ft (grow zone)
2.Release Temp:      Hot (320F)       Cold (80F)
3.Water Content                High             Very Low
4.Density/Congestion:  Low          High
5.Velocity/ Direction: High/Upwards  Low/Downwards

BLACK · SWAN 

Free Air Carbon dioxide Enrichment
FACE

Cool, Denser than Air, Slumping Enriched Gas Lingers In Orchard 



PRODUCED
POTABLE
WATER

17 MILE TROPO/STRATOSPHERE ATMOSPHERIC SINK
                                                   Before FACE         With FACE
1. Atmospheric CO2 Sink    800 GT   Target: 650 GT (-19%)
2. Avg Atmos CO2 Conc.    400+PPM  Target: 350 PPM (-12%)

     FLOOD Global Boundary (100’) Layer Growing Zone
3. Carbon Inventory/ Flux       0.150 GT/Y +60 GT/Y Available
4. CO2 Concentration, PPM   400                        Target: 800 (+100%)
5. Plant Biomass CO2 Sink      550 GT     700 GT (+19%)
6. Atm to Plant Flux, GT/Y 60 90
7. Biomass Fuel to Power     0.001 GT/Y     30 GT/Y

… and with Global Carbon Neutrality Targets for 2035!!!

BLACK · SWAN 

FACE60

NOW…

U.S. DOE REPORT ON

NATURAL/HUMAN  BIOSPHERE CO2 
FLUX GT/Yr. (SINKS in GT) 

Direct 
Contact
 Water

Flue Gas Stream laden with CO2 for carbon enrichment of crops



• GLOBAL CO2 CONCENTRATIONS…GREW…17% HIGHER FROM 360 PPM TO 420 PPM…

• 12% HIGHER PHOTOSYNTHESIS…FROM 1982 TO 2020…AN ALMOST 40 YEAR PERIOD…

• 14 GIGATONS/YR OF ADDITIONAL CARBON (WAS) REMOVED BY PLANTS (BIOSEQUESTERED)…

• …EQUIVALENT OF THE CARBON EMITTED WORLDWIDE FROM BURNING FOSSIL FUELS IN 2020

2020 BERKELEY STUDY by KEENAN ET AL WAS PUBLISHED IN NATURE*…

2020 BERKELEY NATURAL CYCLE/ BIOSEQUESTRATION STUDY

MORE RECENT GROUND BREAKING RESEARCH!

BLACK · SWAN 



MOST DRAMATIC EVIDENCE!
USDA/USDOE PUBLISHED 2007 STUDY

Up to Double the Fruit with 10% Less Water!

CIRCA 650 PPM in Open Top Chamber Crop Carbon Enrichment
• CAPTURE: AVG 50.5% INCREASE IN BIOMASS
 - MOST BIOMASS INCREASE IN FRUIT YEILD

- 10 MT/Y/A more than unenriched mature trees

• AVG +70% YIELD (including 4 non-producing years)  
- FOUR PEAK YEARS AT +100% YIELD (6,7,11,13)
- THREE TROUGH YEARS AT +200% YIELD (9,14,17)

 
• WATER UTILIZATION EFFICIENCY (WUE) INCREASED 70%
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• 1967: Ford & Thorne (Corn +70% yield)*
• 1983: Rogers (Corn and Soybean Water Use Efficiency +100%)*
• 1984: Havelka (Wheat +35% yield)*
• 1985: Acock & Allen (Soybean +40% biomass)*
• 1985: Bhattacharya et al (Sweet Potatoes +83% yield)*

• 1986: Cure & Acock (Cotton +200% yield)*
• 1987/1989: Kimball et al (Cotton +100% yield)*
• 1993: Kimball et al (Rice/Soybeans)*
• 1994-7: Bindi et al: Grapes (+50 to 70% yield)
• 2002: Leavitt, Kimball, et al 70% Water Utilization Efficiency Increase for Citrus
• 2007: Kimball et al: Citrus (up to +70% yield, +55% WUE- using OTC, see 

previous slide)

Dozen other Crop Studies on Benefits of Crop Carbon Enrichment
60 Years of Data where Biosphere is Raised from 300 to 650 ppm CO2  
of +80 to 200% for Corn, Soybeans, Cotton, and Sweet Potatoes Yields

  with Boost of Agricultural Yield and Water Use Efficiency With
USDOE/BNL Free Air Carbon Dioxide Enrichment (FACE) Technology

· SWAN



CITRUS CROP CARBON ENRICHMENT
BASIS: MIN + 60% YIELD

Dollars/Carton    %      $/100 ACRES

 18.80  888%    $362,000
 19.80  436%    $400,000
  20.80  304%    $422,000

ALMOND CROP CARBON ENRICHMENT
BASIS: MIN + 50% YIELD

Dollars/lb      %      $/100 ACRES

  3.00  318%    $335,300
  3.50  200%    $445,300
  4.00  145%    $510,300

FGXB
MIN EXPECTED INCREASED RETURN ABOVE COST Per UC Davis

BLACK · SWAN 



100% GREEN Capture With Just CA ALMOND ACREAGE (1.6MM): 
16 Million Tons/ Year CO2

This is Over 5% of California’s 300 MM T/Y CO2 Emissions

POTENTIAL ADDITION TO CALIFORNIA GDP: 

$4.5+ BILLION/YR PROFIT (NOT COST!!)

BONUS: MINIMUM 10% LESS WATER USAGE  
IN CALIFORNIA’S HIGHEST WATER USER (Agriculture!)

WITH CO2 SUPPLIED BY INDUSTRIALLY SOURCED FLUE GAS 

POTENTIAL Immediate BENEFITS of FGXB FACE Implementation
BLACK · SWAN 



KOLODJI CORPORATION- DOSANJH ALMOND ORCHARD CARBON ENRICHMENT PILOT FGXB
QUENCH COLUMN MADE WITH DUCTING AND SPRAYERS

BLACK · SWAN 



KOLODJI CORPORATION- DOSANJH ALMOND ORCHARD CARBON ENRICHMENT PILOT FGXB
CARBON DIOXIDE INSTRUMENTATION AND DISTRIBUTION DUCTING

BLACK · SWAN 



BASE LINE AMBIENT CO2 (3-CONCENTRATION AT GRADE)

420 PPM
AVERAGE



FGXB
BLACK · SWAN 

TWO TREE ENRICHED CO2 3-D CONCENTRATION PROFILE BELOW 10 FEET PEAKS

1500 PPM
PEAK

700 PPM
AVERAGE



 “KITTY HAWK MOMENT”
BLACK · SWAN 

30 Minute Run
1000 ppm avg at 10’
550 ppm avg at 15’
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BLACK · SWAN 

100 Ton/Year CO2, 12HP, 8 KW 
Bench Scale M/DAC OxyComb  Wig  Membrane 



…ELEGANT…NATURAL…GRACEFUL…

OBVIOUS ONLY IN HINDSIGHT

COUNTER-INTUITIVE

BLACK · SWAN
DEFINED 



• Achieve Carbon Neutrality in CA  by 2025!

• Achieve US Carbon Deceleration at -0.04 GT/Yr2 by 2030! 

• Achieve Carbon Neutrality around the World by 2035.

Carbon Management that Profitably makes Fuel, Water, and Sugar with…!

BLACK · SWAN 

THE ONLY “GREEN” ECONOMIC CAPTURE TECHNOLOGY 
QUICKLY SCALABLE TO 50 GT/YEAR 
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Energy Food

Water 
and 
CO2

BLACK · SWAN  Cycle
eDAC/ FACEmDAC/

OXY-COMBUSTION

Biomass

CARBON MANAGEMENT HARNESSED with “POWER OF BREATH”

30 GT/Y

30 GT/Y

30 GT/Y

BIOMASS/ BIOFUEL 



THANK YOU FOR YOUR TIME & PATIENCE!!!!!
Brian Kolodji, PE, President and Owner

 Kolodji Corp and Black  Swan, LLC

11/14/2022

bkolodji@Csbcglobal.net, ell: (713) 907-8742

Black Swan, LLC

Jesus said to them, again,

 “Peace be with you. As the Father has sent Me, so I send you.”

 And when He had said this,

 He breathed on them and said to them, 

“Receive the Holy Spirit.” 

mailto:bkolodji@sbcglobal.net
mailto:bkolodji@sbcglobal.net
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