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Abstract 
 
The Airborne Process™, is an advanced multi-pollutant control system that can reduce 
power plant emissions (SO2, SO3, NOx and Hg) by nearly 100%; with the lowest capital 
and operating cost for pollutant-control.  This paper details the technical and financial 
comparison between the Airborne Process™ and other scrubbing technologies.  This paper 
concludes by detailing the benefits to China with the implementation of this advanced 
technology.  
 
Introduction 
 
Flue gas scrubbing using sodium bicarbonate was identified in the late 1970s as a highly 
effective process.  Despite its superiority as a scrubbing system, the prohibitive costs of 
the sodium sorbent and waste stream management issues hindered its adoption by utilities.  
 
Airborne, recognizing the effectiveness of sodium bicarbonate scrubbing, spent nearly 10 
years in the development of Airborne Process™

 .  Airborne developed and patented an 
advanced scrubbing system, sodium bicarbonate/fertilizer regeneration, and fertilizer 
formulation techniques. These three complementary proprietary processes combine the 
most efficient removal of pollution and make it the most cost-effective system.  
 
Technology Development  
 
In any emissions control system, scrubbing effectiveness is a key technical issue. To 
verify sulfur dioxide (SO2), sulfur trioxide (SO3), nitrogen oxides (NOx), and mercury 
(Hg) reductions using sodium bicarbonate;  a series of tests of the Airborne Process™ was 
completed at the CANMET Energy Technology Center in Ottawa, Canada and at the 
Energy and Environmental Research Center of the University of North Dakota.  This 
work was financially supported by two programs within the Canadian Government and a 
financial contribution from the United States Department of Energy.   The scrubbing 
system was field proven at Airborne’s facility located at Kentucky Utilities Ghent 
Generation Station.  The Airborne Process™ can now remove virtually 100% of the SO2, 
SO3, NOx, and Hg from coal-fired generating stations creating near zero emissions of 
these pollutants. 

The conversion of spent absorbent (sodium sulfate) to sodium bicarbonate in an 
economical and effective manner was a crucial step to make the scrubbing technology 
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financially attractive to utilities.  Airborne invented a proprietary recycling process to 
regenerate sodium sulfate back into sodium bicarbonate with a sulfate-based fertilizer co-
product.   The Airborne Process™ separates the impurities for disposal and converts the 
sodium sulfite and sulfate to ammonium sulfate and sodium bicarbonate.  The ammonium 
sulfate undergoes additional processing and the sodium bicarbonate is returned to the 
FGD system for reuse.  The Airborne Process™ employs an efficient regeneration system 
that keeps sodium losses to a minimum, enhancing economic performance of the system. 

The final development in the suite of technological breakthroughs was the development 
of a fertilizer formulation system.  Ammonium sulfate from Airborne’s regeneration 
process is processed to a hard, uniform-sized pellet of superior mechanical and 
agronomic properties. 
 
Airborne’s patented regeneration / fertilizer process eliminated the financial and disposal 
barriers of the highly effective sodium bicarbonate scrubbing technology.  The combined 
suite of technologies, now a leader in the field has been the recipient of multiple 
international awards. 
 
The Airborne Process™ is depicted in Figure 1 below.
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FIGURE 1  SIMPLIFIED AIRBORNE PROCESS SCHEMATIC 
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Photographs of an Airborne’s facility located at Ghent, Kentucky (see Figures 2 and 3). 
Construction of the facility started in August of 2002 and concluded in late March 2003.   
 
 

 
 
 
 
 
 
 
 
 
 
FIGURE 2  AIRBORNE ABSORBER, EMISSION CONTROL ISLAN D AND 
ELECTRICAL BUILDING 
 

 
 

FIGURE 3  AIRBORNE REGENERATION/FERTILIZER PRODUCTI ON         
BUILDING  
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Competitive Analyses 

Table 1 shows the comparison between the Airborne Process™ and the suite of 
technologies which are required for SO2, SO3, NOx, or mercury removal to compete with 
Airborne’s multi-pollutant control system.  

Table 1  Comparison of the Current Flue Gas Clean-Up Technologies 

Recovery % Costs Technology 

 SO2 SO3 NOx Mercury Capital Operating 

Limestone Forced 
Oxidation (LSFO) 

98 35  54 moderate moderate 

Selective Catalytic 
Reduction (SCR) 

 
Actually 
Creates

SO3 
95  moderate moderate 

Wet Electrostatic 
Precipitator (Wet ESP) 

 95   moderate moderate 

Activated Carbon 
Injection (ACI) 

   90 low 
extremely 

high 
Combined Suite of 
Technologies to 
Compete with Airborne 
Process System Includes 
LSFO, SCR, Wet ESP & 
ACI 

98 95 95 90 very high very high 

The Airborne Process™ 99.9 99.9 99.5 99.5 low moderate 

 

Specific Technical Benefits of the Airborne Process™ are: 

Highest SOx and NOx Removal Efficiencies  

The Airborne approach to SO2, SO3, mercury and NOx removal is the only technology 
reporting nearly 100% capture.  This also applies to hydrofluoric acid (HF), hydrochloric 
acid (HCl), hydrogen sulfide (H2S), and other acid gases or reactive gases that may be 
present. 

Benefits of Dry Sodium Bicarbonate Injection 

Injection of dry sodium bicarbonate (NaHCO3) into the flue gas has multiple benefits: 
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The first obvious benefit is the removal of SO3.  Since the NaHCO3 is injected into the 
flue gas at a normalized stoichiometric ratio (NSR) of 1.2 for NOx and SO2, the 
stoichiometry relative to SO3 is very high (typically greater than 120).  This high NSR 
ensures a very high SO3 capture.  The SO3 reduction eliminates the possibility of acid-
forming mist (H2SO4) aerosols so that expensive (both from operating cost and capital 
cost) wet ESPs are not required and, other more expensive alkalis; such as, magnesium 
hydroxide, lime, sodium bisulfite, etc., that have been used commercially for SO3 control, 
will not be required.  

The second benefit is the removal of some SO2 and NOx coupled with some conversion 
of NO from an almost inert form of NOx to the soluble acid gas form, NO2, and some 
oxidation of mercury into the soluble form.  The balance of the SO2, NOx, and mercury 
are then captured downstream in the wet scrubber. 

The third advantage is the dramatically reduced corrosion potential because acid dew 
point condensation is appreciably reduced.  This means that the highly corrosive 
conditions that exist at the inlet of a standard wet scrubber (limestone, lime, ammonia, 
sodium, etc.) do not exist. The flue work materials can be selected from lower grade 
alloys and carbon steel rather than Hastelloy C-22 or C-276 which can be more than 10 
times more expensive than alloy 2205 or 316/317 stainless steel.  The elimination of acid 
dew point corrosion would also allow for low-level heat recovery upstream of the 
Airborne absorber.  The low-level heat could be used to offset the heating duty in the 
regeneration system, used to reheat the flue gas (if desired or required; such as is often 
the case in Europe and Asia), or integrated into the boiler circuit as an additional 
economizer.  In the case of the integration, the plant efficiency could be increased by as 
much as 1 to 2%. 

Mercury Removal Cost Effectiveness 

The Airborne Process™ essentially removes mercury for “free” since the mercury 
removal occurs simultaneously with the removal of SOx and NOx. 

No additional equipment is required, unlike activated carbon systems or COHPAC® 

(Compact Hybrid Particle Collector) being offered commercially. Activated carbon is not 
required for mercury capture.  Also a two-stage dry particulate control process like a 
COHPAC® is not required  

The cost associated with mercury removal in the Airborne Process™ will be minimal as it 
will be only the cost of the oxidant.  The mercury captured by the oxidant can be 
removed from the Airborne Process™ using a filter and disposed of properly using safe 
and appropriate means.  The total volume of waste from the filtration of the solution is 
substantially less than the amount from any dry-activated carbon injection technology.   

Land filling activated carbon is difficult since it is a fine powder in a dry form that 
requires special handling to keep it in the landfill.  The cost to landfill the solid waste 
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from the filtration process of the Airborne is significantly lower than the cost of disposal 
of spent activated carbon. 

Lower Absorber Cost  

Material costs of the absorber are significantly lower than conventional wet scrubbers for 
a number of reasons. 

A much smaller integral tank is used for the absorber since the Airborne Process™ does 
not require the residence time of a limestone system for liquid solid reactions (required 
for slow dissolution of limestone).  Typically, the Airborne tank will be less than 6 feet in 
depth, with sufficient height to provide for the NPSH of the recirculation pumps.  This 
can be compared to limestone wet FGD systems which will have a reaction tank in excess 
of a million gallons with a liquid level, in some cases, as high as 45 feet or more. 

The absorber tank for the Airborne Process™ will typically not be a reaction tank as all 
reactions occur in the adsorption zone.  This is unlike a limestone wet FGD where 
limestone dissolution, oxidation, and acid/base reactions; as well as crystallation occurs. 

The only exception to the above, would be for an Airborne absorber tower in which the 
lower part of the tank is designed for oxidation of sulfite to sulfate.  In those cases, the 
tank depth would be slightly higher (but normally less than 15 feet) to provide better 
kinetics for the oxidation reactions, improved distribution of the air, optimization of the 
excess air required, and to keep the air away from the suction of the pumps.  The 
oxidation process is simple and easy since it involves oxidation of sulfites to sulfates in 
the liquid phase, rather than oxidation of calcium sulfite which can be in a solid form.   

Limestone wet FGD systems require elaborate mixing systems, headers, air distribution, 
etc.  Though the side-entering agitators serve a dual purpose in limestone wet FGD, they 
are expensive, require a lot of energy, add to the expense of the tower and supports, and 
increase the maintenance of the system.  The Airborne Process™ oxidation step would not 
require agitators since it occurs in a solution.  Instead, a simple sparge header would be 
used. 

The Airborne Process™ uses solutions rather than slurries so pumps, piping, and nozzles 
are not prone to abrasion, are simpler, and are also made of less stringent materials.  The 
absorber tower, piping, nozzles, etc. are not prone to plugging.  Chemical scale does not 
occur.  Maintenance costs are consequently minimized. The Airborne Process™ solution 
has a pH of approximately 8.2 so the pumps, piping, nozzles, internals, absorber shell, etc. 
are not prone to corrosion.  Less expensive alloys or carbon steel can be utilized greatly 
reducing the capital cost of the absorption tower. 

The scrubber has much simpler internals and requires less than 25% of the pumping/mass 
transfer medium of a limestone scrubber.  This makes the pumps much smaller, reduces 
the horsepower requirements of the pumps, makes the piping smaller, and significantly 
reduces the tower height compared to limestone scrubbers which might require as much 
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as six spray levels versus one for the Airborne absorber. The Airborne absorber will 
typically have a single-spray level and since the spray is a solution rather than a slurry, 
abrasion of tower internals, nozzles, headers, piping, etc. due to spray impingement is 
eliminated and dibasic acid or other performance-enhancing chemicals are not required.  
The mist eliminator wash is also not required. The absorber pressure drop is significantly 
lower than a limestone absorber. 

The overall construction cost of the absorber island is significantly lower than limestone 
systems.  This is due primarily to the smaller absorber tower and low alloy construction.  
It is also due to less equipment, smaller equipment, shorter tower, less steel, less 
stiffening and structure, simpler foundation design, flue work closer to grade, lower 
pressure drop (smaller fan and lower fan horsepower), less electrical equipment, etc. than 
the comparable wet limestone FGD absorber Island. 

Wet ESP Not Required 

The need for a wet ESP can be eliminated.  The upstream particulate control device (dry 
ESP or bag house) would be designed or upgraded to effectively reduce the fly ash and 
solid particulate levels to below regulated values.  The Airborne absorber will then 
capture the injected sodium bicarbonate and reaction products as well as eliminate the 
formation of sulfuric acid mist.   

Without a wet ESP a significant capital cost is saved as the wetted surfaces of the wet 
ESP are made of expensive alloys such as C-276, C-22, AL6XN, and alloy 2205. The 
flue work to connect the conventional wet scrubber absorber tower to a stand-alone wet 
ESP is also not required with the Airborne Process™.  This flue work would typically be 
constructed of Hastelloy or another high grade expensive alloy, made of carbon steel with 
a lining material such as flake glass, or made of carbon steel wallpapered or clad with 
Hastelloy. 

The support structure for the wet ESP is not required.  This would include elimination of 
the additional foundations, stiffening, structural support steel, piling, etc. required for a 
wet ESP integral to an absorber or separate from the absorber, structural steel, and other 
supports.   

Commercial wet ESPs have as many as three fields.  Each field of the wet ESP with the 
collector surfaces (tubes or plates), electrodes, structures, supports, shell, seal plates, etc. 
can weigh 300,000 lbs or more for a tubular wet ESP on a 500 MW absorber.  A plate 
type wet ESP can be even heavier whether the wet ESP is built as an integral part of the 
absorber tower or built as a separate vessel. The total tower height of the Airborne 
absorber is significantly less than a wet scrubber with an integral wet ESP.  The space 
required for the Airborne absorber is significantly less than a wet scrubber process with a 
stand-alone, separate wet ESP.   

The wet ESP power consumption is eliminated and the system pressure drop is reduced.  
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SCR Not Required   

The Airborne system  is truly a “back-end” technology since all removal occurs after the 
bag house or dry ESP.  The Airborne Process™ technology eliminates the need for an 
SCR.  This makes the plant more compact, and reduces the installed cost of the pollution 
control equipment, including costs of balance of plant equipment, foundations, supports, 
etc.  

Eliminating the SCR also eliminates the cost of replacement catalyst, reduces the 
pressure drop and associated energy consumption in the SCR, (the energy usage for soot 
blowing), the maintenance requirements, the amount of time required for outages to 
replace catalyst and maintain the equipment, and the plugging associated with fly ash, 
popcorn ash, ammonium bisulfate, etc. associated with SCRs and the downstream air 
heater. No SCR simplifies the gas path from the boiler to the air heater and eliminates 
economizer bypass flues and eliminates the formation of SO3 across the catalyst. 

Ammonia is not introduced into the flue gas with the Airborne Process™ and therefore, 
ammonia is eliminated as a pollutant (unlike SCR or SNCR technologies for NOx control 
or ammonia scrubbing processes).  Eliminating ammonia in the flue gas also eliminates 
the formation of ammonium-based compounds that would have to be removed as an 
aerosol or fine particulate by a downstream wet ESP. 

 
The Benefits to China 

China’s main source of fuel for electricity is coal, accounting for 83% of the country’s 
total power generation.  The construction of new power plants is booming, according to 
the State Development and Reform Commission (SDRC).  The capacity of coal-fired 
power plants increased from 353 GW in 2002 to 430 GW in 2005.  By the end of 2010, 
the capacity of coal-fired power plants is projected to continue to grow to more than 520 
GW.  

SO2 emissions in 2005 increased 27% compared to 2002; while electrical generation 
capacity increased 22% in the same period.  In April, 2006, China’s Prime Minister Wen 
Jiabao recognized: “The goals of environment protection during 2000-2005 are yet to 
fulfill, one is SO2 emission control…”  

China, in the current Five-Year Plan, from 2006 to 2010, has clearly set forth increasing 
FGD requirements of power plants to ensure 90% of all utilities meet GB13223-2003.  
By 2010, 320 GW, fully 60% of total national capacity of 520 GW, will have 
desulfurization equipment. 
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Currently the FGD techniques operating in China include the limestone-gypsum 
scrubbing process, rotary-sprayed driers, circulating fluidized beds, electron beam 
oxidation combined with ammonia scrubbing, seawater scrubbing, and a few different 
pre-combustion limestone injection systems.  

The experts from Chinese Scientific and Technical Association (CSTA) pointed out that 
the current sulfur dioxide SO2 emission control technologies emphasized by the State 
government (wet limestone or simplified wet limestone) have two drawbacks: The by-
product gypsum generates secondary pollution: for each tonne of sulfur dioxide reduction, 
2.7 tonnes of gypsum are produced. The quality of by-product gypsum cannot be 
compared with that of mined gypsum and it is abandoned as landfill waste.  Additionally, 
the land filled gypsum has mercury vapor evolving from the product.  It is expected that 
by 2010 China will produce over 100 million tonnes of gypsum from FGD. 

The survey also showed that the wet limestone FGD technology produces additional CO2, 
with one tonne of sulfur dioxide emissions scrubbed producing 0.7 tonnes of carbon 
dioxide.  China is producing tens of millions of tonnes of additional carbon dioxide by 
using such methods to reduce SO2.   

Experts believe that environmentally-friendly technologies to control SO2 must be 
applied; otherwise China will enter a vicious circle of air, water, and land pollution. 

In accordance with the provisions of GB13223-2003, emissions of nitrogen oxides from 
coal-fired power plants built in 2000 to 2007 with fly ash more than 10% shall not exceed 
650mg/Nm3 (310 ppm), for the power plants built after 2007 NOx is not to exceed 
450mg/Nm3(222 ppm).   

For the majority of plants built in 2000 to 2007, NOx emissions are in the range of 300-
600 ppm (not taking any control measures).  More than 60% of these plants will need to 
reduce NOx emissions.  The total market potential for NOx control will be more than 
44,000MW before 2007.  NOx emission-control technology will be the next hot spot after 
the desulfurization market.  Mercury recovery is expected to be the next regulated 
pollutant followed by particulate matter reduction if China follows the emissions 
regulations model established by the United States.   
 
China needs environmentally-friendly technologies to control SO2, SO3, NOx  and Hg 
emissions and make the sky clear and the air fresh.  With our inherent advantages over 
the other pollution control technologies, Airborne can aid significantly in making China’s 
air fit for people at a lower cost and without toxic landfills, by generating quality 
fertilizers instead. 
 
The Airborne Process™, an advanced multi-pollutant control system, can reduce power 
plant emissions (SO2, SO3, NOx and Hg) by nearly 100%; with significantly lower 
capital and operating costs than other pollutant-control technologies.  The Airborne 
Process™, produces value-added products that eliminates landfill waste and can meet the 
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need of China flue gas emissions control economically and environmentally.  Airborne is 
well placed to enter the China market. 
 
Conclusions  
 
Airborne has shown a completely integrated sodium bicarbonate scrubbing system for the 
ultra high removal of SOx, NOx and Hg, whilst demonstrating sodium bicarbonate 
regeneration and fertilizer production.  
 
The financial comparison between the Airborne Process™ and the suite of technologies 
required to compete with Airborne’s multi-pollutant control system shows that capital 
costs for the scrubbing component of the Airborne Process™ are significantly less than 
the combination of other control systems.  Annual costs for the scrubbing component of 
the Airborne Process™ are comparable to the combination of other control technologies. 
In addition to new facilities, Airborne Process™ can easily be retrofitted to an existing 
power plant or existing limestone unit to achieve NOx and additional Hg control 
due to its simplicity and small facilities and footprint near power island. 
 
China needs environmentally-friendly technologies to control SO2, SO3, NOx and Hg 
emissions and make the sky clear and the air fresh.  The Airborne Process™ is a viable 
technical and commercial solution to problems of air pollutants. 
 
 
 
 
 
 
 


