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I  -   EXECUTIVE SUMMARY 
 

WOW Energy, Inc. (“WOW Energies”) is a public Texas Corporation located in the Texas Energy 
Center in Sugar Land, TX.  WOW Energies was formed to “Meet the World’s Energy & Environmental 
Challenges”.  WOW Energies provides patented technologies to (a) efficiently convert any heat source to 
power, WOWGenTM and (b) multi-pollution control technologies that remove nearly all pollutants from a 
flue gas stream, including Mercury and CO2 greenhouse gases, WOWCleanTM. 

 
This report describes a grant program funded through the New Technology Research and 

Development Program (NRTD) established by the Texas legislature under Chapter 387, Subchapter C of the 
Texas Health and Safety Code.  The role of the NRTD is to provide assistance to industry to develop 
solutions to air, water and waste problems to meet the Texas Emission Reduction Plan (TERP).  Grant 
programs require industry contributions in conjunction with state funding and are managed by the Texas 
Commission on Environmental Quality (TCEQ). 

 
On April 1, 2005, WOW Energies was awarded a $1,629,714 grant by the TCEQ to build a Final 

Flue Gas Cleaning (FFGC) Pilot Plant based on WOW Energies’ WOWCleanTM technology.  The initial 
contract required WOW Energies to contribute $250,000 of in-kind cost with NRTD funding the remaining 
amount of $1,379,714.  During the course of the project, WOW Energies contributed an additional $100,000 
while reducing the TCEQ contribution by $70,752 or $1,308,962.  This resulted in a total grant value of 
$1,658,962 of which $350,000 was contributed by WOW Energies, or 27% of the TCEQ contribution.   
 

The WOWCleanTM Pilot Plant project required building a 2,500 ACFM to 4,000 ACFM pilot plant 
to demonstrate WOW Energies’ proprietary multi-pollutant reduction technology to reduce/eliminate 
pollutants from flue gas streams.  The WOWCleanTM pilot plant was tested on (1) a slipstream of flue gas 
from the AES Deepwater Cogeneration Power Plant in Pasadena, TX that produces 150 MW of power using 
petcoke as the fuel source and (2) a slipstream of flue gas from the Boralex wood waste burning 40 MW 
power plant in Livermore Falls, ME.   
 

The WOWCleanTM proprietary technology integrates proven emission reduction techniques and off-
the-shelf components into a single multi-pollutant reduction system.   The WOWCleanTM is designed to 
remove SOx; NOx; particulates; Mercury and other heavy metals; CO2; and other pollutants from low 
temperature flue gases using Advanced Oxidation Processes (“AOP”).   The WOWCleanTM technology 
represents the newest development in emission reduction technology and combines AOP oxidation 
techniques with simultaneous chemical scrubbing to convert pollutants to non-polluting compounds.   
 

The objectives of the grant program were to design, build and test a pilot plant that would (a) provide 
a multi-pollutant approach for solving the state’s environmental problems; (b) make Texas a leader in new 
technologies; (c) help solve the state’s environmental challenges by providing a means to reduce NOx and 
SOx; (d) create new business and industry in the state; and (e) provide a pilot test plant that could be used to 
test and characterize emissions in a flue gas stream; and (f) provide industry with a viable, economical and 
commercially available solution to meet the TERP emission reduction goals for the State of Texas.  

 
Testing of the WOWCleanTM pilot plant was completed in the fall of 2006 on the AES 150 MW 

petroleum coke (“petcoke”) fired cogeneration power plant in Pasadena, TX and on the Boralex 40 MW 
wood waste fired power plant in Livermore Falls, ME.  Test results, verified by third party testing in 
accordance with EPA and TCEQ test procedures, demonstrated the capability of the WOWCleanTM system 
to remove nearly all pollutants from a flue gas stream including Mercury while reducing CO2 greenhouse 
gases.  The results for each test site are summarized below. 
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WOWCleanTM  Test Results 
AES 150 MW Petcoke Fired Power Plant 

Pollutant         Inlet            Exhaust (3)     
SO2       2200 ppm to 2500 ppm  ~ 0 ppm 
NO (1)        350 ppm to 450 ppm  ~ 0 ppm 
NOx (2)       350 ppm to 450 ppm          50 ppm to 75 ppm 
CO2 - %                13.9    ~ 11.3% (19% reduction) 
Particulates/SFC      -    ~ 0 (1.0 x E-7) 

 Vaporized Metals (3)      -    ~ 0 
 
(1) Converted to water soluble NOx 
(2) NO converted to water-soluble NOx (NO2, NO3, N2O5).  Reduced to zero at 

Boralex test site. 
(3) Verified by third party testing per EPA/TCEQ test procedures 
(4) Vanadium/Copper/Zinc/Cadmium/Aluminum and others precipitated out in the          

wastewater effluent 
 
 

WOWCleanTM  Test Results 
Boralex 40 MW Wood Fired  Power Plant 

Pollutant         Inlet            Exhaust (7)     
SO2            < 20 ppm    ~ 0 ppm 
NO (1)             130 ppm    ~ 0 ppm 
NOx (2)              80 ppm    ~ 7 ppm 
Total NOx (3)            130 ppm    ~ 0 ppm 

 Vaporized Metals (4)      -    ~ 0 
 Mercury μg/DSCM (5)  2.18       0.37 (83% reduction) 
 CO2 - % (6)    11.6       7.25  (38% reduction) 
 

(1) Converted to water soluble NOx 
(2) Water soluble NOx (NO2, NO3, N2O5) – client required 35 ppm 
(3) Demonstrated subsequent to 3rd party testing   
(4) Verified via effluent assaying 
(5) Hg precipitated out in the wastewater effluent 
(6) Reduced by as much as 85% during CO2 reduction trials 
(7) Verified by third party testing per EPA/TCEQ test procedures 

 
Based on these test results, the objectives of the grant program were met.  For example, the reduction 

in NOx levels that could be achieved by installation of a full-scale plant at the AES facility, located in the 
Houston/Galveston/Brazoria (HGB) non-attainment zone, would be equivalent to removing 235,000 
vehicles/day from the Texas highways or achieving the 2008 NOx reduction goals in the State 
Implementation Plan (SIP) on 1,500,000 vehicles/day.  

 
Going forward, the grant program provides for testing of the WOWCleanTM mobile pilot plant at 

any facility interested in reducing/eliminating emissions from flue gas stacks.  Pilot plant testing will be 
performed at no cost to the client other then the cost associated with unique interconnect equipment; 
shipping, and operating and maintenance costs associated with installation, testing and reporting of test 
results. 
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II  -   INTRODUCTION 
 
WOW Energy, Inc. (“WOW Energies”) is a public Texas Corporation located in the Texas Energy 

Center in Sugar Land, TX (www.wowenergies.com).   WOW Energies was formed to “Meet the World’s 
Energy & Environmental Challenges”.  WOW Energies provides patented technologies to efficiently convert 
any heat source to power - WOWGenTM and multi-pollution control technologies that remove nearly all 
pollutants from a flue gas stream, including Mercury and CO2 greenhouse gases - WOWCleanTM.   

 
Fossil fuels are the source of energy that drives the U.S. economy.  On average only 35% of 

the energy in a fossil fuel is converted to useful output.  The remaining 65% is discharged into the 
environment as low, medium and high temperature waste heat containing the emissions that pollute 
our atmosphere.  This waste heat is discharged as the exhaust from recip engines, gas turbines, fuel 
cells, steam turbines, boilers, incinerators, furnaces, kilns and foundries.  WOW Energies developed 
a simple but unique patented process using off-the-shelf components to convert heat to power and 
was issued Patent 6,857,268 B2 on Feb 22, 2005 titled “CASCADING CLOSED LOOP CYCLE 
(CCLC) and Patent 7,096,665 B2 on August 29, 2006 titled “CASCADING CLOSED LOOP 
CYCLE POWER GENERATION”, collectively called WOWGenTM.  The WOW Energies 
patents represent the production of efficient power from low, medium and high temperature heat 
generated from (a) the combustion of fuels; (b) heat from renewable energy sources such as solar, 
biomass and geothermal heat; or (c) waste heat from industrial processes.  Waste heat sources can 
be in the form of flue gases; vented steam; steam discharged from steam turbines; hot water; hot 
oils; or combinations thereof.  When waste heat is in the form of a flue gas, the WOWGenTM 
produces power while simultaneously reducing the flue gas temperature to near ambient as nearly 
all the thermal energy (heat) is extracted from a flue gas.   Major advantages of the WOWGenTM 
power plant are the inherent ability to reduce emissions and Greenhouse Gases (GHG) by producing 
power from waste heat without consuming fuel and without the use or consumption of valuable 
water resources.    

 
The WOWCleanTM system is a multi-pollutant reduction approach to solving environmental 

problems.  The WOWCleanTM system combines proven emission reduction technologies into a 
single system to remove multiple pollutants from low temperature flue gas streams.  At reduced flue 
gas temperatures, pollutants that exist in a vaporized state, such as oxides of Nitrogen, Sulfur, 
Mercury, Vanadium, Lead, Cadmium, and Volatile Organic Compounds (VOCs) will automatically 
condense out for handling and safe disposal.  The WOWCleanTM system has been proven to 
eliminate nearly all pollutants, particulates and heavy metals, including Mercury, from flue gases 
exiting industrial exhaust stacks while simultaneously reducing CO2 greenhouse emissions by 50% 
or more.  A low temperature pollution reduction system such as the WOWCleanTM system can be 
installed at the “end-of-the-line” on existing plants.  This results in minimal impact on plant 
performance; significantly lower installation costs; and minimal downtime to install. 

 
The WOWCleanTM multi-pollutant reduction system described herein, removes nearly all 

the pollutants from a flue gas without using individual pollution reduction systems such as a Flue 
Gas Desulfurization (FGD) unit for SOx; Selective Catalytic Reduction (SCR) or Selective Non-
Catalytic Reduction (SNCR) system for NOx; Thermal Oxidizers (TO) for VOCs; or particulate 
removal systems such as baghouses or Electrostatic Precipitators.    
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III  -   EMISSION REDUCTION TECHNOLOGIES 
  

 Permits to emit pollutants from fossil fuel burning systems are predicated on discharging 
flue gases containing vaporized pollutants to high enough elevations to widely disperse the 
pollutants.  As flue gases exit the exhaust stack, vaporized pollutants cool by mixing with the 
surrounding air at which time they condense out as liquids or solids.  Dispersion models assume that 
as these pollutants condense they will be distributed over a large enough geographical area to 
minimize damage to humans, animals, plants and the environment. 
 
 Lower molecular weight pollutants drift before they condense and can pollute both local and 
surrounding geographical regions and population centers.  Heavy metal pollutants, with molecular 
weights 2 to 3 times air molecules, tend to fall vertically to contaminate the immediate surrounding 
area but can also be carried thousands of miles by trade winds before falling to ground levels to 
pollute soil, vegetation and water resources – e.g. mercury.  An obvious question is why doesn’t 
industry cool the flue gas; condense out the pollutants; discharge clean flue gas to the environment; 
and dispose of the condensed liquids and solids without harming the environment?  There are 
several reasons: 

 
1. Discharging vaporized pollutants to disperse throughout the atmosphere avoids 

the cost of handling and disposing of these pollutants at the plant level. 
2. Sulfur, nitrogen, CO2 and other chemicals can condense out as acids that attack 

materials of construction.  By keeping temperatures elevated, carbon steel 
construction can be used resulting in significantly lower construction, 
maintenance and operating costs. 

3. NO and elemental mercury, for example, will not condense nor are soluble in 
water.  Therefore, these compounds require reacting with metal catalysts or 
oxidation chemicals to convert them to chemical compounds that can be 
precipitated out and removed. 

4. Heavy metal oxides of Mercury, Vanadium, Lead, Cadmium, etc., exist in a 
vaporized state at elevated flue gas temperatures and condense out as 
temperatures cool.  By keeping flue gas temperatures elevated, handling and 
disposal of these heavy metal pollutants is avoided. 

5. Thermodynamic laws dictate that hot air flows towards cold air.  The temperature 
differential between the high temperature flue gas and ambient temperatures 
above an exhaust stack are used as a natural draft to accelerate or force the flue 
gas out the exhaust stack to elevated heights.  Without this natural draft, exhaust 
fans would be required to drive the flue gas up the stack, which increases 
parasitic loads, equipment and maintenance costs.   

 
As industry faces public demands and regulations to reduce emissions and pollutants; 

scrubbers, catalysts, low emission burners, thermal oxidizers, fuel additives, etc. have been 
developed to reduce emissions.  Flue gases containing Mercury, SOx, NOx, particulates, acid mists, 
heavy metal oxides, etc. currently require multiple emission reduction systems targeted to remove a 
specific pollutant.  “While the traditional technologies continue to dominate the industry, their short 
comings, and evolving regulation and concerns over fine particles, mercury and some previously 
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unregulated acid gases, are encouraging the development of “multiple “ control systems, which can 
adequately destroy or neutralize a variety of pollutants in a single flue gas cleaning system”. (1)  

 
 There are numerous concepts, both proven and in various stages of development, for 
removing specific pollutants, with most associated with elevated flue gas temperatures.  A typical 
untreated flue gas composition from a power plant burning low sulfur coal is shown in Table 1. 
 

TABLE  1 
FLUE GAS COMPOSITION 

LOW SULFUR COAL FIRED POWER PLANT 
    
H2O      5 – 7% 
O2      3 – 4% 
CO2    14 – 16% 
Hg (total)       1 ppb 
CO      20 ppm 
Hydrocarbons     10 ppm 
HCl    100 ppm 
SO2    800 ppm 
SO3      10 ppm 
NOx    500 ppm 
N2/Argon/Other   balance 

 
SOx and NOx removal has been a primary focus of regulatory agencies for decades and the 

formation and removal methods are well understood.  Due to the low concentrations of mercury in 
flue gases, it has not been a focus of regulation until the public became aware of the long-term and 
deleterious impact on individual health and the environment.  Mercury is present as a trace element 
in coal; typically less than 1 ppm by weight, and available data suggests that mercury emissions can 
range from 3-70 µg/Nm3 while a range of 5-10 µg/Nm3 is typical for a 500 MW plant. (2) 
Concentrations of 5-10 mg/Nm3 translate to an emission rate of 130 lb/hr to 260 lb/yr, an extremely 
low concentration relative to other pollutants.  Mercury in the atmosphere can have a lifetime of 
many months or even years and is thus subject to long-range transport, which makes mercury 
control a national and international issue.  The EPA conducted extensive research on mercury 
pollution in the late 1990s and concluded that utility coal-fired boilers generate a significant fraction 
(on the order of 1/2) of the total anthropogenic emissions in the U.S.  On March 15, 2005, only two 
weeks prior to the issuance of the WOW Energies grant program, the U.S. Environmental 
Protection agency (EPA) issued the Clean Air Mercury Rule (CAMR), regulating mercury 
emissions from coal fired power plants.  The rule makes the U.S. the first country in the world to 
regulate mercury emissions from coal-fired power plants.  The first phase caps Hg emissions at 38 
tons by 2010 and at 15 tons by 2018.  The EPA estimates that the CAMR will reduce utility 
emissions of mercury by 70 percent, from 48 tons a year to 15 tons.  (2) 

 

                                                 
1 Controlling Emissions From Fuel and Waste Combustion, Charles B. Sedman, National Risk Management and 
Reduction Laboratory, U.S. Environmental Protection Agency; Chemical Engineering, January 1999 
2 Livengood, C.D.; Mendelsohn, M.H.; “Process for Combined Control of Mercury and Nitric Oxide”, Argonne 
National Laboratory, under DOE contract W-31-109-ENG-38 through the Federal Energy Technology Center.  
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The EPA has indicated that a key tenant in their decision to issue the CAMR was the 
anticipated development of methods of multi-pollutant reduction systems that could simultaneously 
remove mercury, SOx and NOx from a flue gas.  Although the original WOW Energies grant 
program did not address mercury removal, the design features are ideally suited to successful and 
simultaneous removal of mercury SOx and NOx, as envisioned by the EPA.  Further, prior bench 
testing of components of the WOWCleanTM technology demonstrated successful removal of up to 
90% of the mercury (elemental and soluble).  Accordingly, WOW Energies elected to invest 
additional resources in evaluating and testing mercury removal and the unique challenges are 
discussed below. 

 
Mercury is a particular problem because it belongs to a group of elements and compounds 

denoted as Class III, which remains primarily in the vapor phase within the flue gas, particularly at 
the higher temperatures exiting a typical exhaust stack.  The presence of chlorine in coal means that 
mercury can be found in both the elemental and oxidized form in a flue gas, with the relative 
amounts depending on such factors as the ratio of chlorine to mercury, temperature and residence 
time at various temperatures (3).  Mercury species found in a flue gas include elemental mercury 
(Hg0) and oxidized mercuric compounds including HgO, HgCl2 and HgSO4.  Elemental mercury 
(Hg0) and mercuric chloride (HgCl2) appear to be the most significant species for requiring control 
considerations.  Particulate removal devices, such as a bag-house, are generally not effective at 
removing mercury emissions, particularly those in a vapor state.  The much greater solubility of 
mercuric chloride (HgCl2) relative to elemental mercury is particularly important in wet scrubbing 
applications. (2) Testing has shown that wet scrubbers effectively remove oxidized mercury from a 
flue gas but are ineffective at removing elemental mercury. (3)(4)   

 
Following is a summary of the state-of-the-art methods used to remove SOx, NOx, 

Particulates and Mercury: 
  

PM2.5/PM10 - Particulates are removed with cyclone separators, baghouses, wet or dry 
electrostatic precipitators (DESP/WESP), scrubbers and other systems.     

 
SOx: Flue Gas Desulfurization (FGD) units are scrubbers that require injection of lime or 

similar chemical products and removal of the by-products such as ash, sulfuric acid and gypsum.  
Limestone sorbents are quite un-reactive in the 140 F to 347 F range and flue gas temperatures for 
FGD systems need to be above 350 oF for optimum efficiency. (5)  

 
NOx:  Since NO is insoluble; a metal catalyst or chemical oxidation process is required to 

convert the NO to non-polluting compounds. 
 
• Selective Catalytic Reduction (SCR) systems are metal catalysts that require injection of another 

pollutant, ammonia, upstream of the catalyst.  SCR systems must be installed in high 

                                                 
3 Huang, H.S.; Wu, J.M.; Livengood, C.D., 1995, “Development of Dr Control Technology for Emissions of Mercury in 
Flue Gas,: Proc. The Fourth International Congress on Toxic Combustion Byproducts, Berkeley, Calif. June 5-7 
4 Richardson, Fr. C.F., Blythe, OG.M., Carey, T.R., Radian International & Rhudy, R.G., EPRI & Brown, T.D., Federal 
Energy Technology Center-DOE, ”Enhanced Control of Mercury by Wet FGD Systems, 1999 
5 Nolan, P,S, “Emission Control Technologies for Coal-fired Power Plants,” Babcock & Wilcox, BR-1607 presented to 
People’s Republic of China, Ministry of Electric Power Seminar, April 22-25, 1996 
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temperature zones (600 oF to 700 oF), or reheating of the flue gas to these levels is required for 
effective catalytic reactions to occur.  Further, to achieve reasonable catalyst replacement or 
regeneration periods/cycles, SCR units require elimination of the majority of the particulates in 
the flue gas, particularly heavy metals that destroy catalysts and catalytic reactions. 

• Selective Non-Catalytic Reduction (SNCR) is a chemical oxidizing process used to remove NOx 
by injecting urea or equivalent chemicals in the combustion zone.  SNCR systems are generally 
used where limited NOx reduction is acceptable (20% to 30%).  Urea injection is corrosive to 
downstream components, thereby increasing O&M costs. 

• Low-NOx burners, Low-NOx fuel nozzles and over-fire air injection systems are other methods 
used to reduce NOx by reducing firing temperatures and/or improving combustion efficiencies. 

 
Mercury (Hg) – Removal of elemental mercury (Hg0) generally requires changing the 

chemical form to a soluble species and current methods used or under consideration are: 
  
• Activated Carbon Injection (ACI) has shown the most promise as a near-term mercury control 

technology.  In a typical configuration, powdered activated carbon (PAC) is injected into the flue 
gas.  The PAC absorbs the mercury and then must be captured along with the fly ash in an ESP 
or other particulate filter media such as a baghouse.  This process requires a threshold level of 
chlorine in the flue gas to be effective in order for elemental mercury to combine with chlorine 
to form a water soluble HgCL2.  Activated carbon is used to reduce mercury emissions from 
incineration plants but has had limited success in other applications such as coal-fired power 
plants.  

• The Argonne National Laboratory has focused on improving the capture of Hg0 by both dry 
sorbents and wet scrubbing. (3) ESP filtration systems and FGD scrubbers have proven effective 
in removing oxidized mercury and data suggests that 54% of the mercury in a flue gas is 
removed with a scrubber suggesting that nearly half the mercury is insoluble in water. (1) Special 
sorbents have proven effective in oxidizing elemental mercury to compounds that are soluble in 
water.  Argonne National Laboratory has employed the oxidizing agent NOXSORBTM, a 
commercial product containing chloric acid and sodium chlorate.  When a dilute solution of this 
agent was introduced into a flue gas containing elemental mercury (Hg0) and other species at 300 
oF, approximately 100% of the mercury was removed from the gas phase and recovered in 
process liquids.  At the same time, approximately 80% of the nitric oxide was removed. (2)   

• Photochemical removal of mercury from flue gases has been demonstrated using ultraviolet 
(UV) radiation with a 253.7 - nm wavelength to produce ozone (O3). (6) Testing indicated that 
significant removal of mercury was achieved, particularly for temperatures of 80 oF and 280 oF 
as compared to temperatures at 350 oF and above.  Mercury removal rates in excess of 70 % (+/- 
30%) were demonstrated.  However, in the presence of NO in the flue gas, mercury removal 
rates (oxidation) tended to decrease since the ozone (O3) has a propensity to react with NO first 
to produce NO2 before reacting with the elemental mercury.  

• Other mercury control technologies include combustion modifications and the use of different 
catalysts.      

 
 

 

                                                 
6 Gramite. Evan J. and Pennline, Henry W., “Photochemical Removal of Mercury from Flue Gas,” National Energy 
Technology Laboratory, United States Department of Energy 
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IV  -   DESCRIPTION of WOWCleanTM TECHNOLOGY 
 

The WOWCleanTM is a standalone multi-pollutant removal system for installation on 
existing coal-fired power plants, boilers, furnaces, incinerators, gasifiers, recip engines, gas turbines 
and other flue gas waste heat sources.  A typical flow path schematic is provided below beginning 
with the contaminated flue gas exiting an exhaust stack, traversing through the three (3) cleaning 
stages of the WOWCleanTM system and ending with contaminant free flue gas exhausted to the 
atmosphere. 

 

         
 
The WOWCleanTM system removes nearly all the pollutants from a flue gas without using 

multiple pollution reduction systems such as a Flue Gas Desulfurization (FGD) unit; Selective 
Catalytic Reduction (SCR) system; Thermal Oxidizers (TO); or baghouses, scrubbers and ESPs for 
particulate matter.  In addition to removal of SOx, NOx and particulates, the WOWCleanTM system 
has demonstrated the capability of removing 85% of the Mercury and reducing CO2 by up to 85%. 

 
Depending on the flue gas temperature, quenching methods may be required to reduce flue 

gas temperatures to levels conducive to low temperature flue gas cleaning with the WOWCleanTM 
system.  Key features of the three (3) reactors in the WOWCleanTM system are: 
 

• Multi-pollutant control technology in one integrated unit 
• Low temperature flue gas design 
• Simultaneously removes 

 NOx & SOx >95 % 
 Mercury & other heavy metals  >85% 
 Particulates & VOCs > 99.5% 
 CO2 removal > 50% 
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A flow path schematic, plan and elevation view for a typical WOWCleanTM system is 
provided below and a detailed description of the technology follows: 
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FIRST STAGE REACTOR:  The first stage reactor has the capability to simultaneously 
remove acid gases, heavy and sub-micron particulates, acid mists, dioxins/furans, sulfur oxides, 
nitrogen oxides, mercury and other vaporized metals with efficiencies >95%.  The first stage reactor 
incorporates a quenching system; a non-thermal plasma (NTP) generation system; integrated 
scrubbing system; and sump. 

 
The first stage reactor is highly efficient where flue gas streams fall into one or more of the 

following categories. 
 

1. The flue gas has a high moisture content 
2. The gas stream includes sticky particulates 
3. The collection of sub-micron particulate is required 
4. The flue gas has acid droplets or mist  
5. The temperature of the flue gas approaches the gas dew point 

 
The preconditioning quenching system allows reducing the flue gas temperature to near 

ambient while absorbing heavy particulates in the flue gas.  This reduces flue gas temperatures that 
are not already at levels compatible with efficient scrubbing and rapid chemical reactions.  At 
reduced temperatures, pollutants that exist in a vaporized state, such as oxides of Nitrogen, Sulfur, 
Mercury, Vanadium, Lead, Cadmium, and Volatile Organic Compounds (VOCs) will automatically 
condense out for handling and safe disposal in the sump below the first stage reactor.   

 
The unique NTP is a “cold” combustion process that produces free radicals from electrical 

energy to generate favorable chemistry for oxidizing pollutants (decompose) to more manageable 
chemical compounds.  Of primary importance is converting the entire quantity of NO in the flue gas 
to water-soluble nitrogen compounds (NO2, NO3, N2O5) in the initial reactor stage, which can then 
be neutralized with chemical scrubbing in the second and third stage reactors.  This is achieved 
“electrically” by using high intensity electrodes.  NO is the one of most difficult pollutants to 
remove and oxidization of NO and low temperature flue gases are important for the thermal stability 
of hydroxyl radicals and ozone generated by the NTP.  Thermal decomposition of the favorable 
oxidizing chemicals released in the first stage reactor are known to proceed rapidly at temperature 
ranges above 212 oF and can increase by a factor of 13 when flue gases are above 300 oF.  
Removing as much NOx and SOx as possible in the first stage oxidization process also serves to 
reduce chemicals costs in the downstream scrubbing processes.   

 
The first stage reactor incorporates an integrated scrubbing section to spray water-diluted 

chemicals in a concurrent flow arrangement to immediately react with the decomposed compounds 
and remaining pollutants in the flue gas stream.  The wet scrubbing process also provides 
simultaneous removal of SOx and vaporized metals and neutralization of condensed acids with the 
chemical injection to optimize removal of other pollutants in the flue gas.  Remaining pollutants are 
removed in the downstream reactors.   

  
SECOND STAGE REACTOR:  The second stage reactor is a transition section that changes 

the flow direction from vertical to horizontal and incorporates water/chemical injection spray 
nozzles; demisters and a packing media with both concurrent and cross-flow chemical spraying that 
assures efficient scrubbing of polluting compounds.  This low velocity section promotes higher 
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residence time for more efficient chemical reactions.  Heavy metals and neutralized pollutants are 
trapped in the wastewater as they are condensed and collected in the sump below the packed bed of 
this second stage reactor.  The chemicals used in this stage react with water-soluble pollutants from 
the first stage to produce stable salts and other safe or saleable compounds, including metals.   
 

THIRD STAGE REACTOR:  The third stage reactor is not required for most applications 
but is available as a final “polishing” section when removal of minute amounts of residual 
pollutants when near-zero emission levels are critical.  The third stage reactor incorporates a pre-
spray system for injection of final polishing chemicals in a counter-flow arrangement; a non-
thermal plasma (NTP) generation system; and the exhaust fan used to discharge the cleaned flue gas 
to the environment.  If the third stage reactor is not required, the exhaust fan is connected to the flue 
gas exiting the second stage reactor.   
 

The resulting flue gas is nearly free of heavy metal oxides, SOx, NOx, PM2.5, PM10 and 
any acid mists, dioxins/furans and VOCs.  The clean flue gas is discharged from the 
WOWCleanTM via the exhaust fan and the final flue gas, free of contaminants, can be naturally 
dispersed and diffused into the environment since its molecular weight is now equivalent to the 
surrounding air. 
 

The by-products from the WOWCleanTM can be a broad range of liquids and solids 
including heavy metals, neutralized acids and stable salt solutions, depending on the concentration 
of pollutants in the original flue gas.  The WOWCleanTM process neutralizes these by-products 
with the resulting effluent discharged in the form of stable salts and other precipitated pollutants. 
Since heavy metals, including Mercury, are removed from the flue gases, these by-products require 
careful assaying and handling and can generally be disposed of in standard waste water discharge 
systems or sold in the case of fertilizers, acids or metals. 
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V  -   PROJECT MANAGEMENT TEAM 
 
The project team has over 250 years of experience in the environmental, emission reduction 

and energy related fields and brought a wealth of experience to this project.  The Project team was 
comprised of Principle Engineers with Doctorates in the pollution and emission reduction industry 
and experience in all aspects of management with experience in power generation, controls, 
engineering, design, manufacturing, permitting, construction, financing, contract management, 
M&A and corporate management.  Abbreviated resumes of key management and engineering 
personnel are provided below.  

 
PROJECT MANAGER - Daniel Stinger: 
Mr. Stinger was the Project Manager and Principal Investigator on the WOWCleanTM pilot plant project. Mr. Stinger 
is the founder of WOW Energy, Inc. and prior to assuming the role of Chairman; Mr. Stinger was President & CEO of 
Plant Performance Services, a Fluor Corp. company. Prior to this Fluor position, Mr. Stinger served as Group President 
of a $400 million Philip Services Corporation (PSC) business group that resulted from a “roll-up” of various companies 
acquired by PSC in the late 1990’s. These business groups were acquired by Fluor and were the leaders in providing 
services such as specialty welding, fabrication, E&I, turnarounds, maintenance and construction primarily for the 
refinery, petrochemical and power industry. Mr. Stinger was asked to assist in steering the PSC organization through a 
restructuring process after the holding company encountered severe financial and operational difficulties including a de-
listing from the NYSE in the 1998 time period. In this capacity he successfully took his business groups into 
profitability and its subsequent sale to Fluor in spite of the difficulties still encountered by its prior holding company, 
PSC. Mr. Stinger previously worked for Stewart & Stevenson Services, Inc as General Manager of the Commercial 
Engine Division and Assistant Chief Operating Officer and also started their gas turbine power generation division in 
1980.  Mr. Stinger built the gas turbine division into an industry leader in the design, manufacture, installation and 
service of aero-derivative gas turbine combined cycle and cogeneration systems. This gas turbine division was sold to 
GE Power Systems in 1998 for $600 million. Mr. Stinger has extensive experience in both domestic and international 
business operations and was selected as INC Magazine’s Entrepreneur of the Year in 1989. Mr. Stinger is an 
Aeronautical Engineer and has worked as President and CEO of various companies. His earlier career was with General 
Motors Corporation designing and marketing aircraft gas turbines and diesels for the Detroit Diesel Allison Division 
and with McDonnell Douglas Corporation designing military supersonic aircraft. Mr. Stinger holds a Certificate in the 
Fundamentals of Accounting & Finance from the Wharton School of Finance, an Associate Engineering Degree from 
Ferris State College, and a BS degree in Aeronautical Engineering from Tri State College and studied Mechanical 
Engineering at Purdue University while pursuing a Masters Degree. 
 
Contract Manager – Martin Brau: 
Mr. Brau was the Contracts Manager on the WOWCleanTM pilot plant project. A corporate finance and general 
management specialist, Martin Brau started his career in international investment banking, specifically in mergers & 
acquisitions, public offerings, acquisition finance, project finance, structured finance and joint ventures. Mr. Brau 
initially worked in the City of London as a corporate finance advisor to the British Government under the Margaret 
Thatcher and John Major premierships where he worked on transactions with a value in excess of $30 Billion. In 1996 
he joined Santander Investment (part of Santander Bank, among the 15 largest financial institutions worldwide), 
working in the corporate headquarters in both the investment and retail international banking divisions, advising major 
worldwide corporations and governments on numerous transactions, including the sole arranging of the financing of the 
acquisition of National Westminster Bank by the Royal Bank of Scotland, one of the largest banking transactions in 
Europe and the acquisition finance of ATC in London, a capital intensive equipment leasing company with a value of 
around $2 Billion. In the energy sector, Mr. Brau worked on various IPOs and has advised European governments on 
the deregulation of electricity. Mr. Brau has worked as an executive director of various companies, as Chief Financial 
Officer for the Initial Public Offering of a Spanish company, and as Interim Chief Executive Officer of a French 
subsidiary of a UK manufacturing company, where he successfully steered the organization through a Chapter 11 
process. Mr. Brau has a Masters Degree from Edinburgh University, Scotland and an MBA from the University of 
Stirling, Scotland. Mr. Brau has lectured as a visiting professor at several universities and business schools 
on corporate finance subjects. 
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Principal Chemical Engineer – Mario Romero: 
Mr. Romero joined WOW Energies part way through the WOWCleanTM pilot plant project and served as the lead 
chemical engineer on the project. Mr. Romero currently serves as President, WOW Energies and was the former 
President & CEO of Energis, LLC a wholly owned subsidiary of Holcim, USA. Mr. Romero has over 20 years 
experience in the industrial services and environmental industries.  He has held executive positions at Safety-Kleen, 
Corp., Philip Services, Corp., The GNI Group, Inc. and Scaltech International LLC, where he distinguished himself 
through the successful execution of startups, operational turnarounds, business development and integration of acquired 
businesses, domestically as well as internationally. Operating within companies up to $2 billion in revenues, Mr. 
Romero has managed companies with revenues to $300 million, capital budgets to $150 million, up to 67 international 
sites and 1800+ employees. Mr. Romero has started up companies in the USA, Argentina, Brazil and Spain and 
managed the integration of acquired businesses in the USA, Germany, France, Belgium, Spain and Italy. Mr. Romero 
has a MBA from the University of Chicago and an MS and BS in Chemical Engineering from Illinois Institute of 
Technology. He is a Professional Engineer in the State of Illinois and Member of the American Institute of Chemical 
Engineers. Mr. Romero has extensive international experience in Europe and Latin America including a four-year 
assignment in Dusseldorf, Germany, as Director of European Operations for Safety-Kleen and Vice-President, 
International for Philip Services. He is proficient in five languages, including Spanish, German, French and Portuguese. 
In addition to having served as Director on several Boards, Mr. Romero has been recognized by various organizations 
including Who’s Who in America, International Youth in Achievement, Outstanding Young Men of America and as a 
Member America’s Registry of Outstanding Professionals and Honored Member Strathmore’s. 
 
Principal Chemist – Stan Buratto: 
Mr. Buratto joined WOW Energies part way through the WOWCleanTM pilot plant project and served as a principal 
engineer on the project.  Mr. Buratto is the former Chairman/CEO and founder of LifeLast, Inc. a coatings manufacturer 
in Vancouver, Washington. Mr. Buratto is also the founder of other companies including The Plus One Group, which 
developed various coating technologies. Mr. Buratto joined WOW Energies as Vice-President in 2006. Stan has 40 
years experience working in the chemical, coatings, pulp and paper, water treatment and oil and gas business in 
technical, sales and management positions. Stan has developed patents in the coatings, pulp and paper, wood treating, 
and industrial cleaning businesses. Stan has Chemistry and Business degrees from the University of Idaho in Moscow, 
Idaho and started his career with Shell Chemical Company working for the Industrial Chemicals, Petrochemicals and 
Resins Divisions. Stan went on to found and run three companies in various chemical industries before joining WOW 
Energies. 
 
Design Engineer - Michael Kemp. 
Mr. Kemp and the HCS Group served as the design engineers on the WOWCleanTM pilot plant project. Mr. Kemp 
founded HCS in 1993 to provide project services to the energy industry. Mr. Kemp has developed HCS into one of the 
leaders in energy management and resource optimization for Fortune 500 corporations at both domestic and 
international operations. Mr. Kemp had honor of developing and providing engineering/designing and construction 
management of a cogeneration facility that was recipient of the 2003 USEPA Star Energy Award for efficiency. Prior to 
forming HCS, Mr. Kemp was involved in the environmental services division of Jacob’s Engineering Group, as the 
Technical Manager. His responsibility included technology selection and project implementation on industrial projects 
throughout the world.  In addition to the previous noted responsibilities Mr. Kemp’s experience was used as Manager of 
Projects for projects with individual values of over $100 million. Mr. Kemp was Vice President and partnership owner 
of Gulsby Engineering, Inc., which specialized in total system supply for gas processing systems. He was responsible 
for project controls, shop fabrication and field installation of processing modules utilizing energy recovery and turbo-
expander systems. Prior to Gulsby, Mr. Kemp was involved in the growth of The Randall Corporation as a Senior 
Department Lead. During his involvement at Randall it became the worlds leading supplier of gas processing systems 
using Turbo-expanders, and was purchased by CE Lummis Engineering, at which time Mr. Kemp became involved with 
Gulsby Engineering. The culmination of thirty years of experience has provided the background for executing energy 
projects.  Mr. Kemp holds a Bachelor’s Degree in Mathematics from the University of Texas – Arlington and has 
obtained full membership within the American Society of Chemical Engineers based on audited experiences.  
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Principle Engineer - Dr. Isaac Ray, Ph. D  
Education:  Ph. D. (Mechanical, HVAC) Civil Engineering Institute (Ukraine) 
  M.S. Mechanical Engineering Lomonosov Technological Institute with honors in 1965. 
Experience: 1995-Present – Vice President of Research and Development Croll-Reynolds Clean Air Technologies, 

Westfield, NJ 07091 and consultant. 
1990-1995 – Vice President and Manager of Wet Electrostatic Precipitation Division of Ducon 
Environmental Technologies, Farmingdale, NY 
1977-1990 – Manager of R&D department, Beltran, Inc. Brooklyn, NY 
1965-1976 – Project Manager, Central Research Institute of USSP for Environmental 
Improvements in Heavy Industries. 

Technical Disciplines: 
♦ Interaction of particles suspended in the stationary or moving gas stream with gravitational, 

magnetic and electrostatic fields. 
♦ Design and development of the solid and liquid particulate and air pollution control devices based 

on the bench scale, pilot test and finally in the industrial setting with demonstration of high 
efficiency during the performance tests. 

♦ Design and development of highly efficient Wet Electrostatic Precipitators (WESPs) with 
continuous self-cleaning of collecting surfaces from sticky organic particulate based on the 
condensing effect in saturated conditions. 

Associations: American Air Pollution Control Association 
Awards:  1999 Engineering Excellence award Nomination form DuPont Engineering  
  1999 Vaaler awards in Environmental field from Chemical Processing Magazine 
Publications/Patents: Partial 

• Tubular Electrostatic Precipitators of 2-stage design Iron and Steel Engineer, December 1980 
• Tubular ESP of 2-stage; Environment International, Vol 6, pp.239-244, Pergamon Press 1981 
• Control of Volatile Organic Compound (VOC) Emissions; Plastic Industry Conference, July 

13,1992 
• ESP-Design and application for the HVAC industry.  Plant Services, January 1996. 
• Innovations in Particulate Collection Technology.  Has Mat International Conference, June 18-

20, 1996, Atlantic City, NJ. 
• The Quest for a Better Sub-micron Particle Trap.   Environmental Technology, vol.7 issue 3, 

May/June 1997. 
• Air-Pollution Control Ready for the 21st Century Textile world, November 1998, Atlanta, GA. 
• Incineration Facility Employs WESP.  8th International Conference on Electrostatic Precipitation 

May 14-17, 2001, Birmingham, AL. 
• Wet electrostatic precipitation demonstrating multiple pollutant control in industrial applications 

holds promise for coal-fired utility emission reduction of acid mist, PM2.5 and mercury.     
Altman, Ralph; Buckley, Wayne; Ray, Isaac.    EPRI,  USA.    Proceedings - U.S. EPA-DOE-
EPRI Combined Power Plant Air Pollution Control Symposium: The Mega Symposium and the 
A&WMA Specialty Conference on Mercury Emissions: Fate, Effects, and Control, Chicago, IL, 
United States, Aug. 21-23, 2001  (2001),  2  29/1-29/10.  Publisher: Air & Waste Management 
Association,  Pittsburgh, Pa  CODEN: 69DHKF  Conference  written in English.    AN 
2002:876837    CAPLUS   (Copyright 2003 ACS). 

• Wet electrostatic precipitator technology and MACT.     Ray, Isaac; Buckley, Wayne P.    Croll-
Reynolds Clean Air Technologies,  Westfield,  NJ,  USA.    Proceedings of the International 
Conference on Incineration and Thermal Treatment Technologies, Portland, OR, United States, 
May 8-12, 2000  (2000),     653-659.  Publisher: University of California, Irvine, Office of 
Environmental, Health & Safety,  Irvine, CA  CODEN: 69CNT3  Conference  written in English.    
CAN 137:7960    AN 2002:413576    CAPLUS   (Copyright 2003 ACS)   

• Distribution of corona discharge activated reagent fluid injected into electrostatic precipitators.     
Babko-Malyi, Sergei; Ray, Isaac; Buckley, Wayne P.  (USA).    U.S.  (2002),     9 pp.  CODEN: 
USXXAM  US  6365112  B1  20020402  Patent  written in English.    Application: US  2000-
641433  20000817.  CAN 136:267316    AN 2002:249959    CAPLUS   (Copyright 2003 ACS) 
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• Modular condensing wet electrostatic precipitators.     Ray, Isaac.  (Croll Reynolds Clean Air 
Technologies, Inc., USA).    U.S.  (2001),     12 pp., Cont.-in-part of U.S. 6,193,782.  CODEN: 
USXXAM  US  6294003  B1  20010925  Patent  written in English.    Application: US  2001-
791233  20010222.  Priority: US  99-281246.  CAN 135:244201    AN 2001:703702    CAPLUS   
(Copyright 2003 ACS)   

• Modular condensing wet electrostatic precipitators and method.     Ray, Isaac.  (Croll Reynolds 
Clean Air Technologies, Inc., USA).    U.S.  (2001),     10 pp.  CODEN: USXXAM  US  6193782  
B1  20010227  Patent  written in English.    Application: US  99-281246  19990330.  CAN 
134:167431    AN 2001:145111    CAPLUS   (Copyright 2003 ACS)   

• Apparatus and method for removing particulates and corrosive gases from a gas stream.     
Reynolds, Philip E.; Ray, Isaac.  (Croll Reynolds Clean Air Technologies, Inc., USA).    U.S.  
(2000),     11 pp.  CODEN: USXXAM  US  6110256  A  20000829  Patent  written in English.    
Application: US  98-99028  19980617.  CAN 133:167800    AN 2000:605619    CAPLUS   
(Copyright 2003 ACS)   

• Particulate emissions: evaluating removal methods.     Ray, Isaac.    Croll-Reynolds Co.,  USA.    
Chemical Engineering (New York)  (1997),  104(6),  135-136, 138-141.  CODEN: CHEEA3  
ISSN: 0009-2460.  Journal; General Review  written in English.    CAN 127:98823    AN 
1997:436698    CAPLUS   (Copyright 2003 ACS)   

 
Principle Engineer -  Dr. Boris Altshuler, Ph. D 
Education: Ph.D. in Chemical Technology, Research Institute of Natural Gases - Moscow, Russia 

M.S. in Chemical Engineering, Mendeleev University of Chemical Technology - Moscow, Russia 
Experience:  (1994-Present) - CR Clean Air Technologies (USA, NJ, Westfield), Sr. Process Engineer and 

consultant  
(1990-1994) - Ducon Environmental Systems (USA, NY, Farmingdale), Sr. Process Eng.   
(1970-1989) – Union Gas Technology Corp. (Moscow, Russia), Sr. Chemical Process Engineer  

Technical Disciplines: 
♦ Develop custom designed Process and Instrumentation Diagrams and Process flow Diagrams 

using calculated material and heat balances. 
♦ Specify and design air pollution control equipment to remove acid gasses (SO2, H2S, HCl, Cl2, 

NOx), odors, fumes, and VOCs from industrial and utility exhausts. 
♦ Select cooling and vapor condensation equipment, particulate and mist eliminating scrubbers.       

. 
♦ Choose corrosion resistant materials and instrumentation and control 
♦ Prepare installation and operating manuals. 
♦ Provide technical assistance for Sales Department, and for site representatives during repair, 

service or installation of equipment. 
♦ Solve problems in selection and application of new gas and wastewater treatment technologies to 

improve company product line.  
♦ Developed physical and physical-chemical treatment of gas streams (adsorption, absorption, 

separation) and applications of surfactants for gas/liquid processing. 
♦ Developed oxidation, pyrolysis and catalytic reactions of various organic materials. 
♦ Improved methods of corrosion protection in gas and oil industries by optimizing corrosion 

inhibitors.  Carried out corrosion control. 
♦ Evaluated pollution by wet chemical and instrumental analyses and field monitoring methods. 

Achievements:   “Best inventor in the gas industry” award 
Associations:   Member of American Chemical Society 
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VI  -   WOWCleanTM PILOT PLANT 
 
Every flue gas stream has a unique combination of pollutants and testing can be conducted 

using the WOW Energies 2,500 ACFM to 4,000 ACFM pilot plant to determine the type and 
percentages of pollutants; the interaction between pollutants when exposed to the WOWCleanTM 
processes; the quantity and combination of chemical additives required; and the overall efficiency.   

 
The WOWCleanTM pilot plant (WOWCleanTM- PP) was designed as a transportable test 

facility/laboratory to evaluate and eliminate air emissions at any plant site.  The WOWCleanTM- 
PP is configured to remove the most difficult and highest concentration levels of pollutants.  A full-
scale plant may require all the pollution reduction stages available in the WOWCleanTM- PP or 
only selected stages depending on the type and concentration levels of the pollutants in a particular 
flue gas.   
 

The WOWCleanTM- PP is used to establish (a) baseline pollutant levels; (b) the pollution 
reduction efficiency of the integrated scrubber/WESP system; (c) verification of the Advanced 
Oxidation Processes (AOP) that uses chemical additives in conjunction with hydroxyl radical 
generation to convert SOx and NOx pollutants to non-polluting compounds of sulfur and nitrogen; 
(d) chemical flow rates and dilution levels necessary to achieve maximum pollution removal rates; 
and (e) the associated quantities and flow rates of the by-products.  The test results are then used to 
provide criteria for the design of a full-scale WOWCleanTM plant. 

 
The WOWCleanTM- PP is a skid-mounted 

unit, which can be loaded on a semi-trailer for 
transporting to individual sites for testing.  The 
WOWCleanTM- PP test plant is comprised of three 
(3) reactors.  The first and last stage reactors are 
nearly identical and consist of an integrated 
scrubber/WESP system as shown in previous 
schematics.  The middle stage consists of a packed 
section flow path connecting the first and last stages 
and incorporates separate sumps for collection of 
neutralized pollutants and re-circulation of chemical 
scrubbing compounds.  The pilot plant contains all 
motors, pumps, vessels, storage tanks, piping, 
electrical systems, controls, instrumentation and 
exhaust systems including fans, on a common skid 
as shown in the photograph.  The WOWCleanTM- 
PP is a fully self-contained system with the 
exception of requiring a source of utilities such as 
electrical power and water.  The weather-proof 
control panel and integral PLC is mounted on the 
main skid and houses the component controllers, 
instrument and monitoring panel and interface 
controls for operation of individual components and 
interfacing with the data collection computers and dual Continuous Emission Monitoring System 

WOWCleanTM End View
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(CEMS).  The WOWCleanTM – PP is configured with separate portable inlet and exhaust CEMS 
units to measure and establish pollution levels.  The two CEMS control units and data collection 
computers are stored off-skid and only connected during testing. 

 
The by-products from the WOWCleanTM - PP can be a broad range of liquids and solids 

including heavy metals and stable salt solutions, depending on the concentration of pollutants in the 
flue gas.  These by-products require careful assaying and handling and can be safely disposed of via 
existing waste water systems.      
 

The clean flue gas discharged from the WOWCleanTM - PP is pressurized via an exhaust 
fan and either returned to the client’s existing exhaust stack or discharged to the environment.  The 
dilute by-product solutions are pumped back to the wastewater disposal system for normal disposal 
at the test site.  Since there is a net reduction in pollution or contaminants, testing can be conducted 
without the need for additional environmental permits. 
    

Prior to testing, a test matrix is developed with the test site client to establish criteria and test 
procedures.  The test matrix is designed to establish the base line pollutant levels and development 
of test procedures to determine optimum chemical concentrations, flowrates and efficiency using 
the test protocol described below. 

 
Testing Protocol:  The most important aspect of the pilot test is the validity of the test data 

and accurate and efficient data collection.  Of equal importance is the validity and effectiveness of 
the test matrix used to determine the direct and indirect affects of changes in chemical additives.   A 
test matrix is prepared for site testing that assures an accurate characterization of the variables tested 

WOWCleanTM Side View
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and involves a 3-D matrix shown in the graphic.  Baseline test settings for each variable are initially 
established based on the test team’s prior experience such as settings for corona discharge, flow 
rates and chemical concentrations.  Using this baseline, changes are made to a single variable and 
test data is collected to trend the changes in each variable relative to the initial setting.  This data is 
then used to determine the optimum setting for each of the variables and a new baseline is 
established and tested.  This process is repeated until the maximum reduction in pollution is 
achieved, recognizing that some parameters may increase at the expense of others decreasing.  
    

      
 
Third Party Testing:  Upon optimization of the process, certified third party test agencies 

perform verification testing per EPA and TCEQ test criteria to validate results.  In addition to third 
party verification of the flue gas cleaning, wastewater samples are collected by third party 
laboratories for assaying and characterization of the effluent.    
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VII  -   PILOT PLANT TESTING & 3rd PARTY VERIFICATION 
 

The WOWCleanTM - PP was tested at two sites:  (1) the 150 MW petcoke fired AES 
Deepwater cogeneration power plant in Pasadena, TX and (2) the 40 MW wood waste (biomass) 
fired Boralex power plant in Livermore Falls, ME.  However, the grant program required testing at 
only the AES site. 

 
(1) AES Deepwater: Pasadena, TX 

AES agreed to be the host plant for the first test of the WOWCleanTM – PP.  The AES 
Deepwater facility is a 150 MW cogeneration power plant that uses petroleum coke as the fuel.  
This plant was installed in the mid 1980s and has been operating for over 25 years.  The plant air 
pollution control equipment is aligned in series and consists of a Dry Electrostatic Precipitator 
(DESP) to remove particulate matter exiting the boiler followed by a Flue Gas Desulfurization 
(FGD) unit for removal of SOx followed by a Wet Electrostatic Precipitator (WESP) to remove acid 
mists and remaining particulates.  To meet opacity requirements, the flue gas is heated prior to 
entering the exhaust stack using a steam-to-fluegas heat exchanger.  Emissions are monitored using 
a Continuous Emissions Monitoring System (CEMS).  Petcoke has approximately 6% sulfur 
content, which provided an excellent test site to demonstrate the capabilities of the WOWCleanTM 
system to remove high levels of SOx, NOx and particulate matter.   
 

The objectives of this test were to (1) demonstrate the operating characteristics of the pilot 
plant; (2) test its pollution reduction performance under varying inlet conditions; (3) remove 100% 
of the SOx, particulate matter, and heavy metals; (4) convert 100% of the NO to water soluble 
compounds; and (5) determine the amount of water soluble nitrogen compounds that would be 
removed without additional scrubbing/chemicals.  It was recognized that additional scrubbing 
chemicals/concentrations would be required to remove any remaining water-soluble compounds of 
nitrogen but this testing was deferred to the second test site due to time constraints resulting from 
scheduled demolition of major equipment adjacent to the test site.  Photographs of the AES 
installation are provided in Appendix A and a picture of the installation is shown below. 

 
 After fabrication, shop testing 

and acceptance, the WOWCleanTM - PP 
was transported to the AES site for the 
initial tests.  Mobilization, assembly, 
installation and interconnection were 
performed by both WOW Energies and 
AES personnel.  Existing 4” ports at the 
outlet of the dry ESP and in front of the 
FGD were selected as the source of 
contaminated flue gas for delivery to the 
WOWCleanTM – PP.  This location 
preceded the FGD scrubber where SOx 
levels exceeded 2,000 ppm and NOx 
levels were between 350 ppm and 450 
ppm.  The ports were approximately 70 
ft above grade level and 70 ft away from 
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the plant parameter.  Manual on/off gate valves were installed on each port with hose connections 
from each port connected to a manifold with a single discharge flange.  A 12-inch flexible hose was 
used to connect the manifold exhaust to the WOWCleanTM – PP inlet flange.  Cleaned fluegas was 
returned via 12-inch hose to a separate manifold with hose connections to return the flue gas to the 
safety gate valves installed on multiple 4” ports downstream of the inlet ports. 

 
All gauges, level controls, actuated valves, sensors and control systems were checked and 

operation verified.  With the system open to atmospheric air, the fan was operated to test the air 
handling equipment, gages, controls, valves and sensors for proper operation.  Once safe operation 
was confirmed, the portable inlet and outlet CEMS were connected to confirm their operation and 
totes containing diluted chemicals were connected to the spray supply system.  Upon installation of 
the interconnect ducting, electricity, tap water and waste water discharge system, the factory shop 
test was repeated to verify operation prior to opening the flue gas ports.   

   
Upon completion of all preliminary tests, checkout and verification of equipment operation, 

chemicals were added to the system.  After opening the flue gas safety gate valves, testing was 
conducted to confirm there were no air leaks or false air being drawn into the system.  This was 
performed in multiple steps, with outlet flue gas conditions monitored with the CEMS, allowing for 
introduction of the proper amount of chemicals without overdosing. 

 
As shown in the tables below and verified by third party testing, (a) 100% of the SOx was 

removed from the flue gas stream; (b) 100% of the NO was converted to water soluble compounds; 
(c) nearly 100% of the particulate and heavy metals were removed from the flue gas; (d) 
approximately 20% of the CO2 was removed; and (e) 75% to 85% of the water soluble nitrogen 
compounds were removed without the aid of additional scrubbing chemicals. 

 
WOWCleanTM  Test Results 

AES 150 MW Petcoke Fired Power Plant 
Pollutant         Inlet            Exhaust (3)     

SO2       2200 ppm to 2500 ppm  ~ 0 ppm 
NO (1)        350 ppm to 450 ppm  ~ 0 ppm 
NOx (2)       350 ppm to 450 ppm          50 ppm to 75 ppm 
CO2 - %                13.9    ~ 11.3% (19% reduction) 
Particulates/SFC      -    ~ 0 (1.0 x E-7) 

 Vaporized Metals (3)      -    ~ 0 
 
(1) Converted to water soluble NOx 
(2) NO converted to water-soluble NOx (NO2, NO3, N2O5).  Reduced to zero at 

Boralex test site. 
(3) Verified by third party testing per EPA/TCEQ test procedures 
(4) Vanadium/Copper/Zinc/Cadmium/Aluminum and others precipitated out in the          

wastewater effluent 
 
Although not verified by a third party, WOW Energies’ testing technician is certified to 

determine opacity and the opacity readings were zero.  Third party test reports for both the flue gas 
and effluent sampling are provided in Appendix B and a graph showing inlet and outlet SOx over an 
8 hour period is provided in the Summary section.   
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(2) Boralex: Livermore Falls, ME 

Boralex hosted the second WOWCleanTM – PP test at their power plant in Livermore Falls, 
ME.  Boralex is the largest producer of wood-residue energy in North America with five thermal 
power stations in Maine and New York having a total installed capacity of 186 MW.  This biomass 
(wood waste) fueled power plant was commissioned in 1992 and generates 40 MW of power.  The 
plant air pollution control equipment consists of injecting urea in the combustion zone (SNCR); a 
combustion over-fire air injection system to reduce NOx; and a dry electrostatic precipitator (DESP) 
downstream of the boiler to remove particulate matter.   The exhaust of the DESP is routed to the 
plant’s exhaust stack, where emissions are monitored using a Continuous Emissions Monitoring 
System (CEMS).     

 
On June 17, 2004 the Massachusetts Division of Energy Resources (“DOER”) ruled that if a 

Boralex “retooled” unit was successful in meeting the Renewable Portfolio Standard (RPS) at 225 
CMR 12.06(5), the DOER would deem it qualified as a New Renewable Generation Unit.  
Consequently, the objectives of this test were to (1) demonstrate the capability of the 
WOWCleanTM to achieve the Massachusetts Renewable Energy standards for NOx emissions of 
0.075 lbs NOx/MMBtu of fuel, (2) demonstrate the ability to eliminate urea injection (SNCR) and 
still achieve the 0.075 lbs NOx/MMBtu; (3) demonstrate emission reduction with varying inlet 
conditions, and (4) remove NOx, SOx, particulate matter and heavy metals, including Hg and (5) 
conversion of 100% of the NO to water-soluble nitrogen compounds (NO2, NO3 and N2O5) and 
100% removal of these water-soluble nitrogen compounds. 

 
Mobilization, assembly, installation and interconnection were performed by both WOW 

Energies and Boralex personnel.  Boralex installed multiple 4” inlet and outlet ports in the ducting 
exiting the DESP and manual on/off safety gate valves were installed on each port with hosing from 
each port connected to a manifold with a single discharge flange.  Boralex provided a metal duct 
down the side of the DESP, which in turn was connected to the manifold exhaust flange and a 
horizontal run of 12-inch flexible hose was used to connect to the WOWCleanTM – PP inlet flange.  
Cleaned fluegas was returned via a12-inch hose an exhaust manifold with hose connections to the 
safety gate valves installed on multiple 4” ports downstream of the inlet ports.   

 
All gauges, level controls, actuated valves, sensors and control systems were checked and 

proper operation verified.  With the system open to atmospheric air, the fan was operated to test the 
air handling equipment, gages, controls, valves and sensors for proper operation.  Once safe 
operation was confirmed, the portable inlet and outlet CEMS were connected to confirm their 
operation and totes containing diluted chemicals were connected to the spray supply system.  Upon 
installation of the interconnect ducting, electricity, supply water and waste water discharge system, 
the factory shop test was repeated to verify operation prior to opening the flue gas ports.   

   
Upon completion of all preliminary tests, checkout and proper operation of all equipment 

was verified, scrubbing chemicals were added to the system.  After opening the flue gas safety gate 
valves, testing was conducted to confirm there were no air leaks or false air being drawn into the 
system.  This was performed in multiple steps, with outlet flue gas conditions monitored with the 
CEMS, allowing for introduction of the proper amount of chemicals without overdosing. 
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As shown in the tables below and verified by third party testing, (a) 100% of the SOx was 
removed from the flue gas stream; (b) 100% of the NO was converted to water soluble nitrogen 
compounds; (c) nearly 100% of the particulate and heavy metals were removed from the flue gas; 
(d) approximately 38% of the CO2 was removed; (e) 85% of the mercury in the flue gas was 
removed; (f) approximately 95% of all other heavy metals were removed from the flue gas stream; 
and (g) approximately 95% of the water soluble nitrogen compounds were removed resulting in 
NOx reductions to 7 ppm or .015 lbs/MMBtu of fuel. 

 
An important consideration on the part of Boralex was the ability to eliminate urea injection 

in the combustion zone, which has a corrosive affect on downstream materials resulting in increased 
maintenance cost and downtime.  Testing was performed with and without urea injection to 
determine if urea injection could be eliminated and still meet the 0.075 lbs/MMBTU (35 ppm) using 
the WOWCleanTM system.  These tests were successful and the WOWCleanTM system was able to 
achieve well below these levels with or without urea injection.   

 
WOWCleanTM  Test Results 

Boralex 40 MW Wood Fired  Power Plant 
Pollutant         Inlet            Exhaust (7)     

SO2            < 20 ppm    ~ 0 ppm 
NO (1)             130 ppm    ~ 0 ppm 
NOx (2)              80 ppm    ~ 7 ppm 
Total NOx (3)            130 ppm    ~ 0 ppm 

 Vaporized Metals (4)      -    ~ 0 
 Mercury μg/DSCM (5)  2.18       0.37 (83% reduction) 
 CO2 - % (6)    11.6       7.25  (38% reduction) 
 

(1) Converted to water soluble NOx 
(2) Water soluble NOx (NO2, NO3, N2O5) - client required 35 ppm 
(3) Demonstrated subsequent to 3rd party testing   
(4) Verified via effluent assaying 
(5) Hg precipitated out in the wastewater effluent 
(6) Reduced by as much as 85% during CO2 reduction trials 
(7) Verified by third party testing per EPA/TCEQ test procedures 

 
During testing at both AES and Boralex, on average, 25% of the CO2 in the flue gas was 

converted to stable and non-polluting compounds.  Based on these excellent results, additional tests 
were conducted to determine how much CO2 could be removed with additional chemical injection.  
During these tests, up to 85% of the CO2 was removed and converted to stable, non-polluting 
chemical compounds. 

 
Although not verified by a third party, WOW Energies’ testing technician is certified to 

determine opacity and the opacity readings were zero.  Also, additional testing demonstrated 100 % 
removal of the water-soluble nitrogen compounds resulting in 100% NOx removal.  The third party 
test reports for both the flue gas and effluent sampling are provided in Appendix D and a graph 
showing inlet and outlet NOx and CO2 reductions during an 8 hour test run is provided in the 
Summary section.    



 
Meeting the World’s Energy & Environmental Needs 

25 

VIII  -   FULL SCALE PLANT 
 

Based on the results of the WOWCleanTM – PP testing, a full-scale plant was designed 
using the following criteria. 

 
1. Low capital and operating cost 
2. Constructed with commercial off-the-shelf components 
3. End-of-the-line installation 
4. Modular design with minimal footprint that eliminates costly field erection 
5. Truck or rail transportable 
6. One design, suitable for small, medium and large plants 
7. One design to remove all pollutants 
8. Minimal chemical usage 
9. Stable operation with varying inlet conditions and pollution levels 
10. Allows targeting specific pollution reduction percentages 
11. Allows increasing pollution reduction percentages without modifying the unit after 

installation as emission requirements change over time. 
12. Allows use of all types of scrubbing chemicals 
13. Provides for changing scrubbing chemicals without modifying the unit 
 

Based on market analysis, client discussions, engineering design criteria, cost analysis and 
O&M considerations, it was found that the optimum full scale configuration was a modular unit that 
could be shop tested and transported to a plant site with conventional semi-trailers and operational 
in less than (60) days.  Based on these criteria the full-scale WOWCleanTM plant was designed for 
the maximum airflow that could be modularized and shipped by rail or truck to a plant site with the 
number of modules required dependant on client’s airflow rates and pollution reduction objectives. 

 
A major advantage of the WOWCleanTM low temperature flue gas cleaning system is that 

at low temperatures the ACFM is reduced by the ratio of the flue gas temperature.  Since ACFM 
dictates the physical size of flue gas cleaning components, this has a positive impact on the cost and 
size of the unit.  Below is a table showing the reduction in ACFM, for the same lb/hr flowrate, as 
flue gas temperatures are reduced.   

 
Flue Gas Temp – F      ACFM Reduction* 
       1,000 F                100 % 
          750 F                  83 % 
          500 F                  65 % 
          250 F                  49 % 
          150 F                  42 % 
      

                 * Flowrate in lb/hr is the same for all temperatures 
 

Since the WOWCleanTM system is designed for flue gas temperatures of 150 F to 175 F, or 
quenching the incoming flue gas temperature to this level, this represents a 60% reduction in the 
physical size of the WOWCleanTM system compared to conventional units designed for high 
temperature fluegases and a 20% to 30% reduction for medium temperature flue gases.  In addition, 
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with low temperature operation, expensive metals are not required which significantly reduces 
capital costs.  

  
   Assuming a maximum shipping width of 14 ft by 50 ft by 14 ft (width x length x height) it 

was determined that the maximum flowrate for a single unit was 35,000 ACFM.  This allows 
building a standard unit in a factory setting where quality can be controlled and costs are reduced as 
production volume increases.  More importantly, field construction and erection is eliminated 
thereby reducing costs, labor, operational downtime and loss of revenues.  WOW Energies designed 
two 35,000 ACFM modular systems as follows: 

 
1. A reduced length, increased height, modular design wherein Reactor 2 is stacked on 

top of the Reactor 1 scrubbing section. 
2. A reduced height, increased length, modular design wherein Reactor 1 and Reactor 2 

are aligned end-to-end in an arrangement similar to the pilot plant. 
 
General arrangement drawings of both configurations are provided in Appendix E.  As noted 

previously, Reactor 3 is generally not required and the Reactor 3 components are included within 
the dotted line shown on the reduced height drawing.  The Reactor 3 components are not shown on 
the reduced length version. 

   
An obvious consideration is the number of units required for a range of fluegas ACFMs.  

Although every plant and process is different, the following table can be used to get an estimate of 
the number of WOWCleanTM units required for a range of industrial applications.  Note:  each 
module is capable of removing nearly 100% of the emissions from 35,000 ACFM of flue gas. 

 
INDUSTRY       ACFM RANGE - 000(1) # UNITS 

Lime, Cement, Steel, Glass     35k to 70 k     1 to 2 
Refineries/Petrochemical furnaces/boilers   15 k to 70 k     1 to 2 
Small to medium gas turbine/recip engines              10 k to 100 k     1 to 3 
Medium to Large Gas Turbines    75 k to 500 k     2 to 12 
Pulp & paper/other industry boilers    25 k to 150 k     1 to 4  
25 MW to 350 MW utility power plants (2)            150 k to 500 k     3 to 12       
350 MW and above                        (2)       (2)   

 
(1) Based on 150 F to 250 F flue gases 
(2) May require field erected units depending on 
      emission reduction goals and real estate available 

 
The WOWCleanTM system is design such that you can “dial in” the amount of NOx 

reduction desired based on chemical feed rates.  Secondly, with the modular design, a client can 
clean all or only a portion of the flue gas depending on Local, State or Federal regulatory 
requirements – e.g. install 2 modules instead of 3.  Further, regardless of chemical usage, the 
WOWCleanTM system inherently removes nearly all the particulates and heavy metals.  Therefore, 
regardless of the NOx reduction levels desired, nearly all the particulate, ash and heavy metals 
entering the unit will be removed and no additional fluegas cleaning equipment is required. 
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IX  -   COMMERCIALIZATION 
 

The successful testing and demonstration of the emission reduction features of the 
WOWCleanTM system at two separate sites with different flue gas conditions met the goals 
established by the TCEQ.  These goals were to provide a commercially available unit that can be 
considered as Best Available Control Technology (BACT); Maximum Available Control 
Technology (MACT); or Best Available Retrofit Technology (BART).  Also, testing was performed 
on flue gases with extremely high emissions that in general are well above those encountered at 
most industrial sites, which demonstrated the capability of the WOWCleanTM system to remove 
essentially all pollutants from nearly any type of flue gas stream, including 85% of the Mercury and 
up to 85% of the CO2.   

 
The capital cost to remove multiple pollutants such as SOx, NOx, particulates and heavy 

metals, including Mercury, is considerably reduced using the multi-pollutant reduction 
WOWCleanTM system, primarily due to the reduced physical size and lower material costs 
associated with a low temperature flue gas environment.  The cost to remove nearly all the 
pollutants from a flue gas stream is only slightly higher than individual cost of an SCR or FGD to 
remove a single pollutant. 

 
In addition to capital costs, chemical costs need to be considered when evaluating an SCR, 

SNCR or FGD to remove NOx, SOx and Mercury.  Chemicals include ammonia for SCR, urea for 
SNCR, caustics for FGD and activated carbon and other chemicals and catalysts for Mercury 
removal.  Some of the chemicals used are pollutants themselves requiring additional monitoring and 
removal such as ammonia used with an SCR system.  The WOWCleanTM system also requires the 
use of scrubbing chemicals but chemicals used are not harmful to the environment.  All chemicals 
used in the WOWCleanTM scrubbing process are off-the-shelf chemicals generally used in water 
treatment plants.  A significant advantage of the WOWCleanTM system is that the chemical cost to 
remove SOx and NOx is equivalent to the cost of chemicals required to remove the same pollutant 
levels when using an SCR or FGD.  Further, in the WOWCleanTM system Mercury and CO2 is 
removed in addition to SOx and NOx without additional chemical injection.  To summarize, the 
cost of chemicals to remove SOx, NOx, Mercury and CO2 when using the WOWCleanTM system 
is essentially the same as the chemical costs required to remove SOx and NOx using an SCR, 
SNCR or FGD. 

 
Full-scale units are available for nearly every application and the WOWCleanTM system is 

readily available as a retrofit unit for installation at the “end-of-the-line” of most industrial 
processes as well as new facilities or plant expansions. 

 
Although not a requirement of the TCEQ grant program, the ability to remove Mercury as 

well are reduce CO2 by over 50% with standard “off-the-shelf’ components is an added benefit 
resulting from the investment made by the State of Texas, in this technology. 

 
Emission free flue gases are now a reality and retrofitting existing coal fired power plants 

with the WOWCleanTM system provides the means to convert existing coal fired power plants to 
zero emission plants while removing a majority of the Mercury and CO2. 
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X  -   SUMMARY 
 

The full scale WOWCleanTM system is a modular design, using proven technology, 
commercially available and offers a solution to the Texas’ and the nation’s emission problems.  
WOW Energies would like to thank the TCEQ for its support throughout the grant period and the 
confidence displayed in funding development of this commercially available technology. 

 
The goals and objectives of the TCEQ grant program were met.  These objectives were to 

design, build and test a pilot plant that would (a) provide a multi-pollutant approach for solving the 
state’s environmental problems; (b) make the state a leader in new technologies; (c) help solve the 
state’s environmental challenges by providing a means to reduce NOx and SOx; (d) create new 
business and industry in the state; and (e) provide a pilot test plant that could be used to test and 
characterize emissions in a flue gas stream; and (f) provide industry with a viable, economical and 
commercially available solution to achieve the TERP emission reduction goals for Texas.  

 
The WOWCleanTM pilot plant demonstrated the effectiveness of a multi-pollutant reduction  

technology to reduce emissions to nearly zero for all types of flue gases.  In addition to the pollutant 
reduction capabilities, testing demonstrated the robustness and stability of the WOWCleanTM 
system.  The system was extremely effective handling significant swings in incoming pollutant 
levels of the flue gas stream while maintaining emission reduction levels and zero opacity.  The 
control system automatically adjusts to significant swings in incoming pollutant levels to maintain 
target emission levels.  Further, wide swings (increases or decreases) in incoming pollutant levels 
were reduced to target reduction levels without the need for adjustments in operating parameters 
due to the unique design of the WOWCleanTM control system.  A key feature of the 
WOWCleanTM system is dosing the flue gas with higher concentrations of chemicals than is 
required for stoichiometric reactions.  These excess chemicals are recovered in the sump and re-
circulated in the spray system resulting in efficient chemical usage.  

 
The WOWCleanTM system allows removing nearly all pollutants from most flue gases 

without the need to install individual pollution reduction systems targeted for a single pollutant such 
as a Flue Gas Desulfurization (FGD) unit for SOx; Selective Catalytic Reduction (SCR) or 
Selective Non-Catalytic Reduction (SNCR) system for NOx; Thermal Oxidizers (TO) for VOCs; or 
particulate removal systems such as baghouses or Electrostatic Precipitators.   The Advanced 
Oxidation Process of the WOWCleanTM system in combination with chemical scrubbing of low 
temperature flue gases demonstrates the viability of a single multi-pollutant control system. 

 
Depending on the composition of the fluegas and scrubbing chemicals used, additional 

advantages of the WOWCleanTM system were identified including the generation of liquid effluent 
streams with commercial value plus revenue generating recovery of valuable heavy metals for 
subsequent recycling, purification and commercialization.  These are dependent on flue gas 
composition, site location and demand for the commercial by-products and can must be evaluated 
on a case-by-case basis.  Examples include ammonium nitrate (fertilizer) and recovery of vanadium 
and copper and other metals from a flue gas, particularly petcoke. 

 
Following are representative curves showing emission reduction levels, over an 8-hour 

period, for SOx, NOx and CO2.   
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COSA INSTRUMENT CORPORATION 
7125 North Loop East, Houston, TX 77028. Tel: (713) 947-9591. FAX: (713) 947-7549 

84G Horseblock Road, Yaphank, NY 11980 Tel: (631) 345-3434 e-mail: cosa@cosaic.com 
55 Oak Street, Norwood, NJ 07648 (201) 767-6600 

  

D 

SEMI-CONTINUOUS EMISSION MONITORING SYSTEM 
CCOOSSAA      VV  AA  RR  II  OO      PP  LL  UU  SS      ““IINNDDUUSSTTRRIIAALL””  

  

  
  

Suitable for semi-continuous emission and control measurements at all industrial combustions sources 
(e.g.) power utilities, refineries, chemical plants, laboratories, heating/drying stations etc., as well as 
for compliance testing at engines, turbines, boilers and furnaces. 
! Simultaneous measurement of up to 9 gas components (6 electro-chemical and 3 infrared NDIR) ! 

  
PPrreeppaarreedd  ffoorr  ::  
  
Dan Stinger Quotation #:CO-110705-7000-CS1-Rev.3 
WOW Energy, Inc.   
Sugarland, TX                                                              Date:   11/23/05 
 



Emissions Analyzer
Portable Series
Model 7000 Vario Plus

Satisfies the Environmental 
Technology Verification 
program of EPA.

• Up to 6 gases electro-chemically  
• AND two gases with NDIR 
• Stack temperature & draft 
• Combustion air temperature
• CO sensor cutout & with automatic 

purge
• Automatic condensate draining
• Optional heated sample hose & 

Peltier cooler for accuracy of NO2 
& SO2 

• High suction sample pump
• Memory for 600 samples
• Extensive calculations
• RS-232 port 
• Integral printer
• Large LCD display

Designed for demanding measurement standards

• Use the Vario Plus to keep tabs on your CEMS. 
• Use it to verify combustion equipment where performance must meet contract 

guarantees or EPA requirements.
• Use it for periodic reports demanded by State and Federal agencies.
• Use it to tune your furnaces to optimal efficiency while controlling your emissions. 

The Cosa 7000 achieves all these goals and gives you confidence that the
results are correct and in compliance with EPA expectations. Passing the ETV tests 
assures you that:

 • The readings are accurate.
 • The instrument is immune to changes in test ambient conditions
 • It is stable for extended time periods. 

COSA
INSTRUMENT
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September 11, 2006 
 
 
Mr. Art Niebuhr 
WOW Energies, Inc. 
1650 Hwy 6, Suite 300 
Sugarland, Texas 77478 
 
 
Dear Mr. Niebuhr: 
 
Enclosed are four copies of the final report prepared by Clean Air Engineering for WOW 
Energies, Inc. on diagnostic testing performed at their FFGC Pilot Plant @ AES Deepwater 
located in Pasadena, Texas on August 10, 2006.  
 
You can reach me at (800) 723-0362 if you have any questions about the data or comments about 
the report. We would also appreciate any comments you have regarding how we might better 
serve you in the future. 
 
 
 
Respectfully submitted, 
 
 
CLEAN AIR ENGINEERING 
 
 
 
 
 
Eric Rodriguez 
Team Leader 
Houston Engineering Group 
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WOW ENERGIES, INC. 
FFGC OUTLET/INLET 

FFGC PILOT PLANT @ AES DEEPWATER 
 

Client Reference No:  1007 
CleanAir Project No:  10031 

Revision 0:  September 11, 2006 
 

 
 
To the best of our knowledge, the data presented in this report is accurate, complete, error 
free, legible and representative of the actual emissions during the test program. 
 
 
 
Submitted by, Reviewed by, 
  
  
_________________________________ _________________________________ 
Bart DeLatte – bdelatte@cleanair.com  
Project Manager 
Houston Engineering Group 
(800) 723-0362 

Eric Rodriguez – erodriguez@cleanair.com  
Team Leader 
Houston Engineering Group 
(800) 723-0362 
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WOW Energies, Inc. contracted Clean Air Engineering (CleanAir) to perform 
diagnostic testing at their FFGC Pilot Plant located at AES Deepwater in Pasadena, 
Texas. 
 
The test parameters included the following constituents: 

• Total Suspended Particulate (TSP) 
• Oxygen (O2) 
• Carbon Dioxide (CO2) 
• Sulfur Dioxide (SO2) 
• Nitrogen Oxides (NO, NO2, NOX) 
• Carbon Monoxide (CO) 
 

 
The testing took place at the Final Flue Gas Cleanup (FFGC) Outlet and Inlet on 
August 10th, 2006.  Coordinating the field testing were: 
 
   Art Niebuhr – WOW Energies, Inc. 
   Dan Stinger – WOW Energies, Inc. 

Albert Lau – AES Deepwater 
Andrew Christiansen – Clean Air Engineering 
Bart DeLatte – Clean Air Engineering 

 
 
PROJECT CONTACTS 
Art Niebuhr Bart DeLatte 
WOW Energies, Inc. Clean Air Engineering 
1650 Hwy 6, Suite 300 321 Century Plaza Suite 130 
Sugarland, Texas 77478 Houston, TX  77073 
(281) 639-5643 - phone (281) 443-6400 - phone 
(281) 313-9770 - fax (281) 443-1806 - fax 
aniebuhr@swbell.net bdelatte@cleanair.com 

1 Project Overview 
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Table 1-1 outlines the schedule adhered to during the test program.  Table 1-2 
summarizes the results of the test program.  A more detailed presentation of the test 
conditions and results of analysis are shown in Tables 2-1 through 2-3 on pages 2-1 
through 2-3. 

 
Table 1-1: 

Schedule of Activities 
Run 

Number Location Method Analyte Date
Start 
Time End Time

2 FFGC Outlet USEPA Method 5 Particulate 8/10/06 12:36 13:41
3 FFGC Outlet USEPA Method 5 Particulate 8/10/06 14:31 15:35
4 FFGC Outlet USEPA Method 5 Particulate 8/10/06 16:25 17:27

1 FFGC Outlet USEPA Method 3A Oxygen 8/10/06 11:28 12:16
2 FFGC Outlet USEPA Method 3A Oxygen 8/10/06 12:35 13:36
3 FFGC Outlet USEPA Method 3A Oxygen 8/10/06 14:30 15:31
4 FFGC Outlet USEPA Method 3A Oxygen 8/10/06 16:24 17:25

1 FFGC Outlet USEPA Method 3A Carbon Dioxide 8/10/06 11:28 12:16
2 FFGC Outlet USEPA Method 3A Carbon Dioxide 8/10/06 12:35 13:36
3 FFGC Outlet USEPA Method 3A Carbon Dioxide 8/10/06 14:30 15:31
4 FFGC Outlet USEPA Method 3A Carbon Dioxide 8/10/06 16:24 17:25

1 FFGC Outlet USEPA Method 6C Sulfur Dioxide 8/10/06 11:28 12:16
2 FFGC Outlet USEPA Method 6C Sulfur Dioxide 8/10/06 12:35 13:36
3 FFGC Outlet USEPA Method 6C Sulfur Dioxide 8/10/06 14:30 15:31
4 FFGC Outlet USEPA Method 6C Sulfur Dioxide 8/10/06 16:24 17:25

1 FFGC Outlet USEPA Method 7E Nitrogen Oxides 8/10/06 11:28 12:16
2 FFGC Outlet USEPA Method 7E Nitrogen Oxides 8/10/06 12:35 13:36
3 FFGC Outlet USEPA Method 7E Nitrogen Oxides 8/10/06 14:30 15:31
4 FFGC Outlet USEPA Method 7E Nitrogen Oxides 8/10/06 16:24 17:25

1 FFGC Outlet USEPA Method 10 Carbon Monoxide 8/10/06 11:28 12:16
2 FFGC Outlet USEPA Method 10 Carbon Monoxide 8/10/06 12:35 13:36
3 FFGC Outlet USEPA Method 10 Carbon Monoxide 8/10/06 14:30 15:31
4 FFGC Outlet USEPA Method 10 Carbon Monoxide 8/10/06 16:24 17:25

1 FFGC Inlet USEPA Method 3A Oxygen 8/10/06 18:06 18:41
1 FFGC Inlet USEPA Method 3A Carbon Dioxide 8/10/06 18:06 18:41
1 FFGC Inlet USEPA Method 6C Sulfur Dioxide 8/10/06 18:06 18:41
1 FFGC Inlet USEPA Method 7E Nitrogen Oxides 8/10/06 18:06 18:41
1 FFGC Inlet USEPA Method 10 Carbon Monoxide 8/10/06 18:06 18:41

081106 164340
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Table 1-2: 

Summary of Test Results 
Source

FFGC Outlet
TSP (lb/hr) EPA M5 0.0262
O2 (%dv) EPA M3A 7.30
CO2 (%dv) EPA M3A 11.40
SO2 (ppmdv) EPA M6C 11.33
NOX (ppmdv) EPA M7E 90.23
NO (ppmdv) EPA M7E 3.02
NO2 (ppmdv) EPA M7E 88.09
CO (ppmdv) EPA M10 119.34

FFGC Inlet
O2 (%dv) EPA M3A 5.66
CO2 (%dv) EPA M3A 13.88
SO2 (ppmdv) EPA M6C 2345.81
NOX (ppmdv) EPA M7E 328.65
NO (ppmdv) EPA M7E 325.59
NO2 (ppmdv) EPA M7E 3.06
CO (ppmdv) EPA M10 158.73

082506  160252

Sampling 
Method

Average 
EmissionConstituent

 
 
 
DISCUSSION OF TEST PROGRAM 
On August 10, 2006 Clean Air was scheduled to conduct three one hour runs at the 
FFGC Outlet measuring TSP, O2, CO2, SO2, NOX, and CO simultaneously.  During 
Run 1 a probe liner was broken on the Method 5 (PM) train which resulted in aborting 
the run and conducting an additional run.  CEMs data from all four runs are presented 
in the report. 
 
During Run 1, a periodic spike in NO was observed approximately every 5 or 6 
minutes.  The spike only lasted 5 or 10 seconds and as a result it was getting lost in the 
1-minute averages.  Averaging time for Runs 2-4 was shortened to 10 seconds in order 
to better capture the NO spike. 
 



 
 
WOW ENERGIES, INC. Client Reference No:  1007 
FFGC PILOT PLANT @ AES DEEPWATER CleanAir Project No:  10031 
 
 
PROJECT OVERVIEW 1-4 

Revision 0 

At the conclusion of testing at the outlet, Clean Air briefly sampled from the inlet to 
verify the accuracy of the readings from WOW Energies’ portable analyzers. 
 
It should be noted that extreme cyclonic flow was observed at the outlet duct, from 
which TSP was sampled and from which flows were obtained.  This is likely due to the 
construction of the duct, as well as its close proximity to the Exhaust Fan, causing the 
flue gas to swirl as it makes the turn from the vertical duct exiting the fan to the 
horizontal duct containing the sampling ports.   
 
As a result of the cyclonic action in the duct, the flow measured is likely significantly 
less than the actual flow rate.  Because of the inaccuracy of the measured flow rate, 
gaseous pollutant results in this report emphasize concentrations (ppm) instead of mass 
rates (lb/hr), although mass rates are presented. 
 
Similarly, due to the cyclonic flow, particulate emissions presented are also likely 
skewed.
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Table 2-1: 
FFGC Outlet – O2, CO2, SO2, NOX, CO 

 
Run No. 1 2 3 4 Average
Date (2006) Aug 10 Aug 10 Aug 10 Aug 10
Start Time 11:28 12:35 14:30 16:24
End Time 12:16 13:36 15:31 17:25
Elapsed Time 0:48 1:00 1:00 1:00

Gas Parameters
Oxygen (O2) - FFGC Outlet (%dv) 7.254 7.894 7.048 7.010 7.302
Carbon Dioxide (CO2) - FFGC Outlet (%dv) 11.182 10.912 11.675 11.829 11.399

H2O - FFGC Outlet (%) NA 13.39 13.31 11.63 12.78

Sulfur Dioxide (SO2) - FFGC Outlet
Concentration (ppmdv) 10.160 10.879 13.396 10.896 11.333
Concentration (ppmwv) 10.160 9.423 11.613 9.628 10.206
Mass Rate (lb/hr) 0.000 0.107 0.214 0.125 0.111

Nitrogen Oxides (NOx) - FFGC Outlet
Concentration (ppmdv) 113.457 97.694 72.054 77.717 90.231
Concentration (ppmwv) 113.457 84.614 62.464 68.675 82.303
Mass Rate (lb/hr) NA 0.691 0.825 0.641 0.719

Nitrogen Oxide (NO) - FFGC Outlet
Concentration (ppmdv) 4.039 3.075 1.826 3.139 3.020
Concentration (ppmwv) 2.664 1.583 2.774 2.340
Mass Rate (lb/hr) NA 0.011 0.011 0.014 0.012

Nitrogen Dioxide (NO2) - FFGC Outlet
Concentration (ppmdv) 108.808 94.077 74.340 75.126 88.088
Concentration (ppmwv) 81.482 64.446 66.386 70.771
Mass Rate (lb/hr) NA 0.521 0.666 0.485 0.558

Carbon Monoxide (CO) - FFGC Outlet
Concentration (ppmdv) 98.526 122.956 122.502 133.371 119.339
Concentration (ppmwv) 98.526 106.494 106.198 117.855 107.268
Mass Rate (lb/hr) NA 0.530 0.854 0.670 0.685

 
 

2 Results 
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Table 2-2: 
FFGC Inlet – O2, CO2, SO2, NOX, CO 

 
Run No. 1 Average
Date (2006) Aug 10
Start Time 18:06
End Time 18:41
Elapsed Time 0:35

Gas Parameters
Oxygen (O2) - FFGC Inlet (%dv) 5.658 5.658
Carbon Dioxide (CO2) - FFGC Inlet (%dv) 13.876 13.876

Sulfur Dioxide (SO2) - FFGC Inlet
Concentration (ppmdv) 2345.809 2345.809

Nitrogen Oxides (NOx) - FFGC Inlet
Concentration (ppmdv) 328.648 328.648

Nirogen Oxide (NO) - FFGC Inlet
Concentration (ppmdv) 325.587 325.587

Nirogen Oxide (NO) - FFGC Inlet
Concentration (ppmdv) 3.061 3.061

Carbon Monoxide (CO) - FFGC Inlet
Concentration (ppmdv) 158.730 158.730
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Run No. 2 3 4 Average

Date (2006) Aug 10 Aug 10 Aug 10
Start Time (approx.) 12:36 14:31 16:25
Stop Time (approx.) 13:41 15:35 17:27

Gas Conditions
O2 Oxygen (dry volume %) 7.9 7.0 7.3 7.4
CO2 Carbon dioxide (dry volume %) 10.9 11.7 11.8 11.5
Ts Sample temperature (°F) 151 151 124 142
Bw Actual water vapor in gas (% by volume) 13.39 13.31 11.63 12.78

Gas Flow Rate
Qa Volumetric flow rate, actual (acfm) 1,301 2,105 1,422 1,610
Qs Volumetric flow rate, standard (scfm) 1,141 1,844 1,303 1,429
Qstd Volumetric flow rate, dry standard (dscfm) 988 1,599 1,151 1,246

Sampling Data
Vmstd Volume metered, standard (dscf) 30.6326 49.9137 36.0752 38.8738

%I Isokinetic sampling (%) 93.9442 94.5985 94.9244 94.4890

Laboratory Data from Method 5
mn Total Method 5 Matter (g) 0.00160 0.00409 0.00523

Laboratory Data from TCEQ 5
mCPM Total CPM (g) <0.00050 0.00476 0.00292

Total Particulate Matter
mPart Total Particulate Matter (g) 0.00160 0.00886 0.00815

Total Suspended Particulate Results
Csd Particulate Concentration (lb/dscf) 1.149E-07 3.912E-07 4.980E-07 3.347E-07
Elb/hr Particulate Rate (lb/hr) 0.0068 0.0375 0.0344 0.0262
Ekg/hr Particulate Rate (kg/hr) 0.0031 0.0170 0.0156 0.0119

Average includes 3 runs.  * indicates that the run is not included in the average.

Table 2-3: 
FFGC Outlet – Total Suspended Particulate (TSP) 
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PROCESS DESCRIPTION 
WOW Energies installed a FFGC Pilot Plant at AES Deepwater, located in Pasadena, 
Texas.  The plant is a prototype of their Final Flue Gas Cleanup (FFGC) System which 
is designed to treat efficiently and economically low temperature flue gasses.  
A small portion of the raw AES flue gas from is diverted to the FFGC, where it is 
processed, and subsequently returned to the AES flue. 
 
The FFGC is designed to substantially reduce those pollutants that are in the exhaust 
gasses, including SOX, NOX, particulates, acid mists, and heavy metal oxides.  
  
The testing reported in this document was performed at the outlet of the FFGC.  
Sampling was also performed for a brief period at the inlet to verify the readings of 
WOW Energies’ portable analyzers. 
 
A schematic of the process indicating sampling locations is shown in Figure 3-1. 
 
 

 
 
 

Figure 3-1: Process Schematic 
 
 

3 Description of Installation 
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DESCRIPTION OF SAMPLING LOCATION(S) 
Sampling point locations were determined according to EPA Method 1. 
 
Table 3-1 outlines the sampling point configurations.  Figure 3-2 through 3-3 illustrate 
the sampling points and orientation of sampling ports for each of the sources tested in 
the program. 
 

Table 3-1: 
Sampling Points 

 
   Run  Points Minutes Total  
Location Constituent Method No. Ports per Port per Point Minutes Figure 
FFGC Outlet Particulate 5 2-4 2 10 3 60 3-2 
FFGC Outlet O2, CO2 3A 1-4 1 1 60 60 3-3 
FFGC Outlet SO2 6C 1-4 1 1 60 60 3-3 
FFGC Outlet NOx 7E 1-4 1 1 60 60 3-3 
FFGC Outlet CO 10 1-4 1 1 60 60 3-3 
 
1  O2, CO2, SO2, NOX, and CO were sampled from the approximate center of the duct.  Readings were 
taken every minute during run 1 and every 10 seconds for the remainder of the runs. 
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DESCRIPTION OF SAMPLING LOCATION (CONTINUED) 
 

 
 
 
 

Sampling Point Port to Point Distance (in.) 
1 12.2 
2 11.5 
3 10.7 
4 9.7 
5 8.2  
6 4.3 
7 2.8  
8 1.8  
9 1.0 

10 0.5  
 
 

Duct diameters upstream from flow disturbance (A): 1.8 Limit:  0.5 
Duct diameters downstream from flow disturbance (B): 5.4 Limit:  2.0 

 
 
 

Figure 3-2:  FFGC Outlet Sampling Point Determination (EPA Method 1) 
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DESCRIPTION OF SAMPLING LOCATION (CONTINUED) 
 

 
 
 
 

Sampling Point Port to Point Distance (in.) 
1 6.5 

 
 

Duct diameters upstream from flow disturbance (A): >0.5 Limit:  0.5 
Duct diameters downstream from flow disturbance (B): >2.0 Limit:  2.0 

 
 
 

Figure 3-3:  FFGC Outlet CEMS Sampling Point Determination (EPA Method 1) 
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Clean Air Engineering followed procedures as detailed in U.S. Environmental 
Protection Agency (EPA) Methods 1, 2, 3A, 5, 6C, 7E, and 10.  The following table 
summarizes the methods and their respective sources. 
 

Table 4-1: 
Summary of Sampling Procedures 

 
Title 40 CFR Part 60 Appendix A 
Method 1 “Sample and Velocity Traverses for Stationary Sources” 
Method 2 “Determination of Stack Gas Velocity and Volumetric Flow Rate (Type S Pitot Tube)” 
Method 3A “Determination of Oxygen and Carbon Dioxide Concentrations in Emissions from 

Stationary Sources (Instrumental Analyzer Procedure)” 
Method 5 “Determination of Particulate Matter Emissions from Stationary Sources” 
Method 6C “Determination of Sulfur Dioxide Emissions from Stationary Sources (Instrumental 

Analyzer Procedure)” 
Method 7E “Determination of Nitrogen Oxides Emissions from Stationary Sources (Instrumental 

Analyzer Procedure)” 
Method 10 “Determination of Carbon Monoxide Emissions from Stationary Sources” 
 
 
 
These methods appear in detail in Title 40 of the Code of Federal Regulations (CFR) 
and on the World Wide Web at http://www.cleanair.com. 
 
Diagrams of the sampling apparatus and major specifications of the sampling, recovery 
and analytical procedures are summarized for each method in Appendix A. 
 
Clean Air Engineering followed specific quality assurance and quality control 
(QA/QC) procedures as outlined in the individual methods and in USEPA “Quality 
Assurance Handbook for Air Pollution Measurement Systems:  Volume III Stationary 
Source-Specific Methods”, EPA/600/R-94/038C.  Additional QA/QC methods as 
prescribed in Clean Air’s internal Quality Manual were also followed.  Results of all 
QA/QC activities performed by Clean Air Engineering are summarized in Appendix D. 
 

4 Methodology 
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TEST METHOD SPECIFICATIONS ....................................................................................A 
SAMPLE CALCULATIONS..................................................................................................B 
PARAMETERS ....................................................................................................................C 
QA/QC DATA.......................................................................................................................D 
FIELD DATA ........................................................................................................................E 
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479 Tolland Turnpike ♦ P.O. Box 239 Willington, Connecticut 06279 ♦ 860-487-5606 ♦ Fax 860-487-5607 
www.airtoxenviro.com ♦ email: info @ airtoxenviro.com 

 
November 17, 2006 
 
Bill Parker        
Boralex  
Cheney Grove Road 
Fort Fairfield, ME 04742 
 
RE:  WOW Energy Testing 
 
Dear Bill: 
 
 This letter presents the results of the diagnostic inlet/outlet testing on the WOW Energies 
Scrubber operating at the Boralex Livermore Falls facility located in Livermore Falls, Maine.  
The testing was performed from Tuesday October 10th through Thursday October 12th, 2006.   
 
The purpose of this testing program was to demonstrate the efficiencies of the WOW pollution 
control system while operating under three (3) separate scenario’s; at full load with urea 
injection on, at full load with no urea injection, and at reduced load with urea injection. 

 
A total of nine (9) sixty minute test runs were performed while the scrubber operated at 

maximum load conditions to determine emissions of NOx, SO2, Mutlitple Metals, and HCl.  A 
summary of the results is presented below, raw data can be found in the appendix of this letter. 

 
If you have any questions or require further information, please do not hesitate to contact 

me. 
 
Regards, 
Air Tox Environmental Company, Inc. 
 

 
Todd Wheeler 
Senior Environmental Engineer 
 



Source :
Test No. : 1 5 6 Average 1 5 6 Average

HCl 
Concentration : mg/dscm 98.00 350.13 424.73 290.95 22.66 32.85 26.74 27.42

HCl 
Concentration :

ppm at 
12%CO2 1.60 3.08 1.11 1.93 0.31 0.20 0.22 0.24

Metals 
Concentrations :

Antimony ug/dscm 
at 7%O2 5.67 4.06 5.43 5.05 0.00 2.74 5.53 2.76

Arsenic ug/dscm 
at 7%O2 15.20 19.47 21.09 18.59 0.00 0.00 0.00 0.00

Cadmium ug/dscm 
at 7%O2 1.39 1.41 1.04 1.28 0.48 3.47 0.00 1.32

Chromium ug/dscm 
at 7%O2 8.64 7.72 6.31 7.56 8.20 2.29 2.08 4.19

Copper ug/dscm 
at 7%O2 24.89 9.56 8.56 14.34 6.97 2.38 2.16 3.84

Lead ug/dscm 
at 7%O2 163.12 218.18 206.78 196.03 5.82 9.53 7.58 7.64

Mercury ug/dscm 
at 7%O2 0.94 0.60 0.66 0.73 0.18 0.13 0.09 0.13

Nickel ug/dscm 
at 7%O2 20.44 5.26 3.98 9.89 6.90 5.59 0.00 4.16

Vanadium ug/dscm 
at 7%O2 3.32 0.00 0.00 1.11 0.00 0.00 0.00 0.00

% % % %

80.9 93.4 80.4 84.9

100.0 32.4 -1.8 43.5

100.0 100.0 100.0 100.0

65.6 -145.8 100.0 6.6

5.0 70.4 67.0 47.5

72.0 75.1 74.8 74.0

96.4 95.6 96.3 96.1

81.1 78.8 86.7 82.2

66.2 -6.3 100.0 53.3

100.0 0.0 0.0 33.3

Antimony Removal Efficiency

Arsenic Removal Efficiency

Cadmium Removal Efficiency

Boralex Livermore Falls
Inlet/Outlet WOW System (90% Load and Urea Inj. On)

Nickel Removal Efficiency

Vanadium Removal Efficiency

Inlet of WOW (90% Load Urea On) Outlet of WOW (90% Load Urea On)

10/10/2006 - 10/11/2006

HCl Removal Efficiency

Chromium Removal Efficiency

Copper Removal Efficiency

Lead Removal Efficiency

Mercury Removal Efficiency



Source :
Test No. : 2 3 4 Average 2 3 4 Average

HCl 
Concentration : mg/dscm 94.98 350.13 424.73 289.95 22.66 32.85 26.74 27.42

HCl 
Concentration :

ppm at 
12%CO2 5.20 1.09 1.24 2.51 0.18 0.19 0.20 0.19

Metals 
Concentrations :

Antimony ug/dscm 
at 7%O2 9.03 6.94 6.29 7.42 4.60 0.00 2.94 2.51

Arsenic ug/dscm 
at 7%O2 36.20 23.85 29.26 29.77 0.00 0.00 0.00 0.00

Cadmium ug/dscm 
at 7%O2 1.95 1.81 1.52 1.76 1.89 2.39 0.70 1.66

Chromium ug/dscm 
at 7%O2 12.07 7.85 7.81 9.24 4.40 6.71 2.36 4.49

Copper ug/dscm 
at 7%O2 20.16 14.88 12.54 15.86 7.91 14.45 3.00 8.45

Lead ug/dscm 
at 7%O2 366.11 306.25 299.71 324.02 75.16 18.39 16.56 36.70

Mercury ug/dscm 
at 7%O2 0.55 0.54 0.65 0.58 0.35 0.13 0.11 0.20

Nickel ug/dscm 
at 7%O2 17.31 14.94 3.31 11.85 17.02 15.60 3.59 12.07

Vanadium ug/dscm 
at 7%O2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

% % % %

96.6 83.0 84.1 87.9

49.0 100.0 53.4 67.5

100.0 100.0 100.0 100.0

3.5 -32.2 54.3 8.6

63.6 14.5 69.8 49.3

60.8 2.9 76.1 46.6

79.5 94.0 94.5 89.3

35.7 75.2 83.3 64.7

1.7 -4.4 -8.3 -3.7

0.0 0.0 0.0 0.0

Antimony Removal Efficiency

Arsenic Removal Efficiency

Cadmium Removal Efficiency

Boralex Livermore Falls
Inlet/Outlet WOW System (90% Load and Urea Inj. Off)

Nickel Removal Efficiency

Vanadium Removal Efficiency

Inlet of WOW (90% Load Urea Off) Outlet of WOW (90% Load Urea Off)

10/11/2006

HCl Removal Efficiency

Chromium Removal Efficiency

Copper Removal Efficiency

Lead Removal Efficiency

Mercury Removal Efficiency



Source :
Test No. : 7 8 9 Average 7 8 9 Average

HCl 
Concentration : mg/dscm 94.98 350.13 424.73 289.95 22.66 32.85 26.74 26.74

HCl 
Concentration :

ppm at 
12%CO2 1.11 1.38 1.01 1.17 0.17 0.19 0.22 0.22

Metals 
Concentrations :

Antimony ug/dscm 
at 7%O2 5.04 15.62 5.21 8.62 3.92 0.00 0.00 1.31

Arsenic ug/dscm 
at 7%O2 21.71 22.69 19.29 21.23 0.00 0.00 0.00 0.00

Cadmium ug/dscm 
at 7%O2 0.84 1.87 1.12 1.28 0.76 1.90 0.77 1.14

Chromium ug/dscm 
at 7%O2 8.48 9.97 9.20 9.22 3.88 3.17 1.49 2.84

Copper ug/dscm 
at 7%O2 7.27 9.47 10.53 9.09 8.94 3.15 5.11 5.73

Lead ug/dscm 
at 7%O2 96.60 119.83 123.44 113.29 9.91 10.60 6.60 9.04

Mercury ug/dscm 
at 7%O2 0.68 0.81 1.91 1.13 0.25 0.31 0.07 0.21

Nickel ug/dscm 
at 7%O2 8.04 6.83 9.65 8.17 8.56 3.98 3.77 5.44

Vanadium ug/dscm 
at 7%O2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

% % % %

84.7 86.5 78.7 83.3

22.2 100.0 100.0 74.1

100.0 100.0 100.0 100.0

10.1 -1.6 31.4 13.3

54.3 68.2 83.8 68.8

-23.0 66.7 51.5 31.7

89.7 91.2 94.7 91.8

63.9 62.0 96.3 74.1

-6.6 41.8 60.9 32.1

0.0 0.0 0.0 0.0Vanadium Removal Efficiency

Inlet of WOW (50% Load Urea On) Outlet of WOW (50% Load Urea On)

10/12/2006

HCl Removal Efficiency

Chromium Removal Efficiency

Copper Removal Efficiency

Lead Removal Efficiency

Mercury Removal Efficiency

Antimony Removal Efficiency

Nickel Removal Efficiency

Arsenic Removal Efficiency

Cadmium Removal Efficiency

Boralex Livermore Falls
Inlet/Outlet WOW System (50% Load and Urea Inj. On)



Source :
Test No. : 1 5 6 Average 1 5 6 Average

NOx 
Concentration : ppm 67.3 85.1 87.9 80.08 7.0 6.9 8.2 7.35

SO2 
Concentration : ppm 2.5 1.3 2.5 2.08 0.1 1.2 3.1 1.45

CO 
Concentration : ppm 260.0 116.0 175.0 183.67 390.0 328.0 293.0 337.00

THC 
Concentration : ppm 4.9 4.7 4.3 4.62 6.5 3.4 3.2 4.35

O2 
Concentration : % 10.7 8.5 8.5 9.23 11.0 10.7 8.2 9.97

CO2 
Concentration : % 10.3 13.0 12.8 12.02 9.9 11.9 10.7 10.83

% % % %

89.6 91.9 90.7 90.74

95.9 7.7 -22.0 27.20

-50.0 -182.8 -67.4 -100.06

-50.0 -182.8 -67.4 -100.06THC Removal Efficiency

Inlet of WOW (CEMS) Outlet of WOW (CEMS)

Scrubber Tests 1-3

NOx Removal Efficiency

Boralex Livermore Falls
Inlet/Outlet WOW System (90% Load and Urea Inj. On)

SO2 Removal Efficiency

CO Removal Efficiency



Source :
Test No. : 2 3 4 Average 2 3 4 Average

NOx 
Concentration : ppm 129.1 114.3 114.3 119.18 12.0 13.9 14.7 13.48

SO2 
Concentration : ppm 3.6 1.0 0.3 1.60 0.6 0.5 0.1 0.40

CO 
Concentration : ppm 237.5 124.8 170.7 177.67 201.0 305.5 275.0 260.50

THC 
Concentration : ppm 3.2 4.8 3.7 3.85 2.2 3.5 3.3 3.00

O2 
Concentration : % 8.7 10.0 10.7 9.78 0.0 0.0 21.8 7.25

CO2 
Concentration : % 12.5 11.5 10.9 11.63 0.0 0.0 21.8 7.25

% % % %

90.7 87.9 87.2 88.60

83.1 47.4 66.7 65.71

15.4 -144.8 -61.1 -63.51

15.4 -144.8 -61.1 -63.51

Boralex Livermore Falls
Inlet/Outlet WOW System (90% Load and Urea Inj. Off)

SO2 Removal Efficiency

CO Removal Efficiency

THC Removal Efficiency

Inlet of WOW (CEMS) 90%Load Urea Off Outlet of WOW (CEMS) 90%Load Urea Off

Scrubber Tests 1-3

NOx Removal Efficiency



Source :
Test No. : 7 8 9 Average 7 8 9 Average

NOx 
Concentration : ppm 118.0 105.4 65.7 96.37 15.1 10.4 11.0 12.15

SO2 
Concentration : ppm 0.1 1.4 0.0 0.50 0.0 0.2 0.0 0.08

CO 
Concentration : ppm 67.8 61.8 41.0 56.85 63.0 47.5 52.8 54.42

THC 
Concentration : ppm 0.3 0.4 0.8 0.50 0.4 0.5 0.7 0.53

O2 
Concentration : % 11.5 11.7 15.0 12.73 13.1 13.3 12.9 13.10

CO2 
Concentration : % 9.7 9.3 6.0 8.33 8.7 9.0 8.4 8.70

% % % %

87.2 90.2 83.3 86.88

70.0 85.7 0.0 51.90

7.2 23.1 -28.9 0.45

-33.3 -25.0 12.5 -15.28

Boralex Livermore Falls
Inlet/Outlet WOW System (50% Load and Urea Inj. On)

SO2 Removal Efficiency

CO Removal Efficiency

THC Removal Efficiency

Inlet of WOW (CEMS) 50%Load Urea On Outlet of WOW (CEMS) 50%Load Urea On

Scrubber Tests 1-3

NOx Removal Efficiency
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1.0  INTRODUCTION 
 
 Air Tox Environmental Company, Inc. (Air Tox) of Willington, Connecticut performed 
the annual relative accuracy test audit (RATA) on the instrumentation monitoring the plants air 
emissions.  The sampling and analyses were carried out in accordance with the regulations of the 
United States Environmental Protection Agency (EPA) and the Maine Department of 
Environmental Protection (ME DEP) during this test program.  The CEM systems were installed 
to satisfy the requirements of Maine DEP Air Emission License No. A-577-72-D-A/R and 
monitor the following parameters: 

 
• Oxides of Nitrogen (NOx) 
• Oxygen (O2) 
• Carbon Monoxide (CO) 
 

The purpose of this test program was to demonstrate compliance of the CEM system with 
40 CFR, Part 60, Appendix B, Performance Specifications 2, 3, and 4, and Appendix F, as 
described in the July 1, 1998 issue of the Federal Register.  Specifically, the O2, NOx, and CO 
testing was performed in accordance with EPA Reference Methods 3A, 7E, and 10, respectively. 
 
 The RATA test program described herein was performed on May 23, 2006.  The program 
was performed under the supervision of Todd Wheeler, Senior Environmental Engineer of Air 
Tox.  Mr. Wheeler supervised all field operations during the performance of this test program.  
Mr. Mike Daigle,Plant Manager of the Boralex Livermore Falls facility, oversaw production 
operations during this test program. No representative of the Maine DEP’s Bureau of Air 
Quality, was present during the performance of this test program. 
 
 Results of the test program are detailed and discussed in Section 2.0.  Section 3.0 
describes the facility process and operations, while Section 4.0 details the test and analytical 
methodologies utilized for this program.  Quality assurance procedures are discussed in Section 
5.0.  The Appendix contains all ancillary information relevant to this test program, and has been 
organized into the following sections: reference method and CEMS data printouts, calibrations, 
gas certifications, and field data sheets. 
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2.0  RESULTS AND DISCUSSION 
 

Air Tox performed a RATA program on the CEM system that monitors emission 
concentrations and rates of O2, NOx, and CO at the exhaust stack of the wood fired boiler 
operating at the Boralex facility located in Livermore Falls, Maine.  The RATA testing for the 
Boralex CEM system was performed on May 23, 2006, in accordance with 40 CFR, Part 60, 
Appendix B, Performance Specifications 2, 3, and 4 and EPA Reference Method 3A, 7E, and 10.  
During the test period, the plant was operated above the required 50% of base load (34 
megawatts). 
 
2.1  RATA Test Results 
 
 Nine (9) twenty-one minute test runs were performed to determine the relative accuracy 
of the boiler CEM system.  A summary detailing the results of the relative accuracy testing is 
presented in Table 2-1.  RATA supporting field data, including calculation spreadsheets, plant 
CEM system data, and reference method analyzer strip chart data, are presented in the 
Appendices of this report. 
 

Table 2-1 
 

RATA DATA SUMMARY 
Boralex – Livermore Falls, Maine 

May 23, 2006 
 

 
Constituent 

 

 
Reference 

Method Average 
 

 
CEMS 

Average 

 
Mean Difference 

 
Relative 

Accuracy 

 
Relative Accuracy 

Limit 

 
NOX 

(lbs/MMBtu) 
 

 
0.15 

 

 
0.15 

 

 
0.00 

 

 
2.7 / 2.6% 

 

 
20 % of RM, 10% 
of Emission Limit 

 
NOX 

(lbs/hr) 
 

 
81.28 

 

 
81.69 

 

 
0.40 

 

 
7.1 / 6.5% 

 

 
20 % of RM, 10% 
of Emission Limit 

 
CO 

(lbs/MMBtu) 
 

 
0.14 

 

 
0.14 

 
0.00 

 
14.6 /4.5% 

 
10 % of RM, 

5% of  
Emission Limit 

 
CO 

(lbs/hr) 
 

 
75.94 

 

 
78.0 

 

 
2.06 

 

 
14.1 / 4.1% 

 

 
10 % of RM, 

5% of  
Emission Limit 

 
O2 (%) 

 

 
7.40 

 

 
7.71 

 

 
0.31 

 

 
8.9% 

 

 
20% of RM 

 

 
 
 



 

Air Tox Environmental Company, Inc.                                                                                Page No. 3 
Project No. 6053 –  Relative Accuracy Test Audit 
Boralex – Livermore Falls, Maine 

 As can be seen in the previous table the relative accuracy of the NOx analyzer was 
determined to be 2.7% as calculated using the CEM and reference method lbs/MMBtu values 
and 2.6% when using the emission standard of 0.15 lbs/MMBtu.  The calculated rates 
demonstrate compliance with the requirements of the relative accuracy testing of less than 20% 
of the reference method and less than 10% using the emission standard.  The calculated relative 
accuracy of the NOx analyzer in terms of lbs/hr was determined to be 7.1% as calculated using 
the CEM and reference method lbs/hr values and 6.5% when using the emission standard of 87.9 
lbs/hr.  The calculated rates demonstrate compliance with the requirements of the relative 
accuracy testing of less than 20% of the reference method and less than 10% using the emission 
standard. 
 

The relative accuracy of the CO analyzer was determined to be 14.6% as calculated using 
the CEM and reference method lbs/MMBtu values and 4.5% when using the emission standard 
of 0.45 lbs/MMBtu.  The calculated rates demonstrate compliance with the requirements of the 
relative accuracy testing of less than 5% using the emission standard.  The calculated relative 
accuracy of the CO analyzer in terms of lbs/hr was determined to be 14.1% as calculated using 
the CEM and reference method lbs/hr values and 4.1% when using the emission standard of 
263.7 lbs/hr.  The calculated rates demonstrate compliance with the requirements of the relative 
accuracy testing of less than 5% using the emission standard 
 

The relative accuracy of the O2 analyzer was 8.9% as calculated using the CEM and 
reference method % values.  Therefore, the relative accuracy of the O2 analyzer demonstrated 
compliance with the limits of less than 20% of the reference method. 
 
2.2  Opacity Audit Results 
 

The opacity audit was performed in accordance with procedures listed in 40 CFR Part 60 
Appendix B, Performance Specification 1.  The opacity monitor was challenged five times non-
consecutively with each of three neutral density filters.  To be acceptable, the opacity monitor 
must demonstrate accuracy, expressed as calibration error, of <3 percent.   The opacity audit was 
performed after the initial RATA from 10:45 to 11:36 on the morning of May 25, 2006.  A 
summary table and supporting data can be found in Appendix A of this report 
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3.0  PROCESS AND OPERATIONS 
 
 Boralex owns an electric generating facility located in Livermore Falls, Maine.  This 
facility is licensed by the Maine Department of Environmental Protection (ME DEP) under Air 
Emissions License # A-577-70-A-I to operate a single wood-fired boiler with a maximum 
continuous heat input capacity of 534 MMBtu/hr, and a maximum peak heat input capacity of 
586 MMBtu/hr.  The wood-fired boiler supplies steam to a turbine, which generates 39.6 
megawatts (gross) of electricity per hour.  Up to 10% of the annual fuel usage may be from 
reprocessed fuel. However, the facility does not accept reprocessed fuel.  The facility is also 
permitted under a Schedule of Compliance (SOC) to combust Construction & Demolition Wood 
chips (CDW).  A maximum of 50% by weight CDW input (annual average) can be used. The 
facility is also licensed to operate a low NOX auxiliary oil-fired burner with a maximum heat 
input capacity of 106.7 MMBtu/hr of No. 2 fuel oil with a maximum sulfur content of 0.5% by 
weight.  By license, fuel use is limited to less than 1,000,000 gallons per year, based on a 12 
month rolling average.  In addition, an emergency diesel-fired generator is available to supply 
power for lighting, controls, fire equipment, and miscellaneous low power services in the event 
that both the facility generated power and utility line power are not available.  The diesel-fired 
generator has a maximum heat input capacity of 3.7 MMBtu/hr and produces 350 kW power 
output.  The facility is controlled by a system of local instrumentation and a central 
programmable controller.  The control system is configured to allow plant operation down to 
50% of the maximum net electrical output. 
 
3.1  Boiler Operations Description 
 
 The generating plant consists of one travelling-grate water tube boiler, one condensing 
steam turbine generator set, one condenser, two feed water heaters, one cooling tower, one three-
field electrostatic precipitator, an electrical distribution system, and instrumentation and control 
systems. 
 
 Fuels, consisting of wood chips, mill residues, construction and demolition wood (CDW) 
are delivered to the site in enclosed tractor-trailers.  The trucks are weighed on a scale and then 
unloaded via one of two back-in tilt dumpers.  The as-received fuel is conveyed to a disc screen 
for size-classifying, then reduced in size by an in-line wood hog, if required.  The sized fuel is 
then conveyed to a covered fuel storage building.  Fuel is reclaimed from the storage building, 
then conveyed to the boiler and fed to the furnace via six variable speed screw feeders.  High 
pressure transport air and trajectory plates distribute fuel on the travelling-grate.  Fine fuel 
particles are burned in suspension while heavier particles are evenly spread on the back of the 
travelling-grate surface. 
 
 Superheated steam from the boiler is routed to the steam turbine, which is supplied with 
two uncontrolled extractions to supply steam for deaeration and condensate heating.  Exhaust 
steam from the turbine is condensed in the surface condenser and the resulting condensate is 
pressurized, heated, deaerated, and routed back to the boiler for reuse.  The circulating water 
leaving the condenser is cooled in a three-cell cooling tower and pumped back to the condenser. 
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 Hot flue gas from the combustion process is used to preheat combustion air in a tube 
preheater.  Pre-heated combustion air is divided into overfire air and undergrate air.  Undergrate 
air is evenly distributed through the active grate area to begin the combustion process while 
overfire air jets provide mixing of fuel and air to complete the combustion process.  After 
leaving the preheater, the flue gas is stripped of particulate matter in a multiple cyclone dust 
collector followed by an electrostatic precipitator.  Cleaned flue gas is then discharged to the 
atmosphere through the stack. 
 
 
3.1 CEMS  Description  
 
  The Boralex, Inc. CEMS consists of a Custom Instrumentation Services Corporation 
(CISCO) system to monitor concentrations of nitrogen oxides (NOX), carbon monoxide (CO), 
oxygen (O2), as well as opacity.  Each monitor in the gaseous analysis portion of the CEMS is 
equipped with dual ranges.  Listed in Table 3-1 are the manufacturers and ranges of the monitors 
utilized in the Boralex-Livermore Falls CEMS. 

 
TABLE 3-1 

CISCO CEMS 
 

 Analyzer Manufacturer Low Range High Range 
 
 NOx Beckman 951A  0 - 250 ppm 0 – 1000 ppm 
 CO California Analytical  0 - 1000 ppm 0 – 5000 ppm 
 Oxygen Servomex 1400B 0 - 10% 0 – 25% 
 Opacity United Sciences 500C n/a 0 – 100% 
  

The CEMS is a single-point extractive system, measuring all constituents on a dry basis.  
The sample is extracted by a heated probe/filter assembly, located in the exhaust stack 
approximately 70 above the outlet of the ESP.  The probe assembly incorporates a furnace to 
burn any heavy hydrocarbon, if present.  Sample is transported to the CEMS enclosure via a 
heated stainless steel sample line, which is maintained at 400°F to avoid condensation.  Sample 
conditioning is accomplished by a refrigeration type conditioner, which lowers the temperature 
and dew point of the sample stream to approximately 40°F, thereby removing the majority of the 
moisture content.  The sample is also passed through a permeation dryer to further lower the 
dewpoint and eliminate possible analysis interferences due to moisture and acid carryover.  Upon 
exiting a filter assembly the sample passes through a diaphragm pump and is distributed to the 
monitors listed in Table 3-1.  
  
 The CEMS Data Acquisition System (DAS) consists of a PLC and an IBM compatible 
PC to display/record data, perform calculations, generate reports, and perform control system 
functions such as daily automatic calibration checks.  Stack concentrations are recorded and 
utilized by the DAS to calculate the pollutant emission rates of each facility in lbs/MMBtu and 
lbs/hour, as applicable. 
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4.0  SAMPLING AND ANALYTICAL METHODOLOGY 
  
 The following section details the methodologies utilized to complete this emissions 
testing program.  The following parameters were measured at the single outlet stack exhausting 
from the Boralex Livermore Falls power plant in accordance with the method listed. 
 
 EMISSION PARAMETER    REFERENCE METHOD 
 
 • Volumetric Flow rate (SCFM)  • EPA Methods 1 & 2 
 •  Molecular Weight (O2, CO2)   • EPA Methods 3A 
 • Moisture (H2O)  • EPA Method 4 
 • Nitrogen Oxides (NOX)  • EPA Method 7E 
 • Carbon Monoxide (CO)  • EPA Method 10 
 
 
4.1  Gaseous Reference Method Sampling 
 
 Continuous monitoring was performed at the exhaust stack to determine the 
concentration of O2, NOX, and CO according to EPA Reference Methods 3A, 7E, and 10 for 
comparison to the CEMS.  CO2 concentrations were also recorded in order to calculate stack gas 
molecular weight necessary to determine volumetric flow rates.  A diagram of the reference 
methods sampling configuration is presented in Figure 4-1. 
 
 Stack gas was drawn through a sintered stainless steel probe, heated Teflon sample line 
(300°F nominal), and a stainless steel sample conditioner by a leakless Teflon diaphragm pump. 
The sample was then pumped through a manifold under slightly positive pressure with a bypass 
to atmosphere.  Samples were continuously drawn from this manifold to a Thermo Model 42H 
NOX analyzer, as well as a Model ZRH CO/CO2 analyzer and a Servomex Series 1400 Oxygen 
analyzer, both manufactured by California Analytical Instruments.  The analyzer outputs were 
continuously recorded using an ESC 8816 data logger supported by ESC's software on a laptop 
PC.  The signals from the analyzers are "viewed" by the data logger at 10-second intervals, from 
which one-minute averages are formed.  The ESC software was then used to generate reports for 
discrete test periods.  Printouts of these periods are contained in the Appendix. 
 
4.2  Analyzer Calibrations 
 
 A three point (zero, mid, and span) calibration was performed directly on each analyzer 
(bypassing the sample transport and conditioning system) at the beginning of the test program to 
determine calibration error and demonstrate analyzer linearity.  As required by Reference 
Method 10, an additional low calibration point of approximately 30% of the CO analyzer span 
was also used.  A zero and upscale bias check and calibration drift check were also performed 
prior to and after each test run.  An injection point at the base of the sample extraction probe was 
used for the introduction of gases to the entire sample transport and conditioning system for pre 
and post run calibration checks.  Copies of the certification sheets for the calibration gases are 
found in the Appendix.  Calibration drift was determined using the pre-run and post-run monitor 
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Figure 4-1  Gaseous Sampling System Schematic 



 

Air Tox Environmental Company, Inc.                                                                                Page No. 8 
Project No. 6053 –  Relative Accuracy Test Audit 
Boralex – Livermore Falls, Maine 

responses.  Calibration drift was used to correct each average test run concentration of each of 
the three measured parameters.  Procedures and calculations contained in EPA Reference 
Method 6C, Sections 7 & 8 were used to determine the average stack concentration of the 
measured constituents for each test run. 
 
4.3  Manual Measurements  
 
 Measurements were performed utilizing manual methods to determine stack gas 
molecular weight, moisture content, and volumetric flow rate.  This data, along with the 
pollutant lbs/MMBtu emission rate was used to calculate the Reference Method test run averages 
of pollutant lbs/hr emission rates. 
 
4.3.1  Stack Gas Molecular Weight Determination 
 
 Molecular weight was determined using calculations listed in EPA Reference Method 3.  
As detailed above, the composition of the gas stream was continuously analyzed for oxygen and 
carbon dioxide concentrations concurrent with each RATA test run, in accordance with EPA 
Reference Method 3A. 
 
4.3.2  Stack Gas Moisture Content Measurements 
 

Stack gas moisture content was determined using the moisture catch from EPA Method 
26A for hydrogen chloride (HCl) that Air Tox was performing concurrently with the RATA.  
This sampling train consists of a borosilicate or quartz probe attached to a heated glass fiber 
filter encased in a 3-1/2 inch glass or Teflon filter holder with a glass or Teflon coated frit, and 
four impingers.  The first two impingers (Greenberg-Smith) are each charged with 100ml of a 
0.1N sulfuric acid (H2SO4) solution.  The third impinger is charged with 100 ml of 0.1N Sodium 
Hydroxide (NaOH) to act as a scrubber and for the determination of chloride concentrations.  
The fourth impinger contains 200 grams of indicating silica gel to remove any remaining 
moisture.  A diagram of the sample train is presented in Figure 4-2. 
 

Following assembly the train was then leak checked by plugging the sample inlet and 
challenging the train with a vacuum of 15 inches of mercury.  All leak rates were less than 0.02 
CFM. The initial meter volume was recorded and the probe was positioned at the first traverse 
point.  The moisture probe was positioned at he same traverse points as the RM probe during the 
entire test program.  Sampling was conducted at the meter box ∆H@ for the entire sixty minute 
(60) minute run.  At the completion of each test run the final meter volume was recorded and 
another leak check was conducted.  The impingers were then recovered and their final volumes 
were recorded.   
 
4.3.3  Volumetric Flow Measurements 
 
 Exhaust stack volumetric flowrate was determined in accordance with EPA Reference 
Methods 1 and 2.  Velocity measurements were taken at each of twelve traverse points in the 
stack (six per each of two sampling ports) concurrently with the Ammonia testing.   
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Figure 4-2  EPA Method 26A HCl Sampling Train (Moisture) 
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4.4  Relative Accuracy Test Audit 
 
 US EPA Reference Methods 3A, 7E, and 10 were utilized in determining the relative 
accuracy of the CEMS.  RA of the system is based on the units as listed in the ME DEP Air 
Emissions License, specifically NOX in  lbs/MMBtu and  CO in lbs/MMBtu.  As specified in 40 
CFR 60, Appendix B, PS 2, and 3, Relative Accuracy Test Procedures, Air Tox conducted 
Reference Method (RM) tests and acquired emissions data for comparison to data generated by 
the CEMS.  The RA of each CEM monitor was calculated using the following equation: 
 
EQUATION 4-1 
 

  RA = 
RM

CCd +
  

 
RA = Relative Accuracy, percent 
|d| = Mean absolute value of the differences between the CEMS and RM values 
|CC| = Absolute value of the 2.5 percent error confidence coefficient 
RM = Average Reference Method value or emission standard (or permit limit) 

 

CC =  t0.975  
Sd

n
  

 
t = student t-value (2.5 percent error, one-tailed) 
Sd = Standard deviation of the differences between the CEMS and RM values 
n = number of data points (9) 

 
       12  

sd = ⎣
⎢
⎡

⎦
⎥
⎤

∑
i=1

n
di2 - ⎝

⎜
⎛

⎠
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∑
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n

n -1   (or) sd = 1

22

−
−Σ
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XnX

 

 
Where:   N/A = Not Applicable 

RM =  RA calculated using the Reference Method average 
EL =  RA calculated using the applicable Emission Limit 

 
 Air Tox performed nine (9) twenty-one (21) minute RA test runs on the CEMS. The RM 
sampling was conducted in a single port located approximately 70 feet downstream from the 
ESP in the 96 inch I.D. exhaust stack.  Three traverse points at 16.7%, 50%, and 83.3% of the 
stack diameter were sample for seven minutes each during each 21 minute test run, as required. 
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5.0   QUALITY ASSURANCE 
 
 The project manager was responsible for implementation of the quality assurance 
program as applied to this project. 
 
5.1  Sampling Quality Assurance: 
 
 Implementation of quality assurance procedures for source measurement programs is 
designed so work was done: 
 

♦ By competent, trained individuals experienced in the methodologies being used.  
 
♦ Using properly calibrated equipment. 
 
♦ Using approved procedures for sample handling and documentation. 

 
 Measurement devices, pitot tubes, dry gas meters, thermocouples and portable gas 
analyzers were uniquely identified and calibrated with documented procedures and acceptance 
criteria before and after the field effort.  Records of all calibration data are maintained in the files 
and presented in the Appendix.  Data are recorded on standard forms. Field notebooks are used 
to record observations and miscellaneous elements affecting data, calculations, or evaluation. 

  
 Specific details of Air Tox's QA program for stationary air pollution sources may be 
found in "Quality Assurance Handbook for Air Pollution Measurement Systems", Volume III 
(EPA-600/4-7-027b). 
 
5.2  EPA Reference Methods: 
 
 All particulate sampling was 100% ±10% isokinetic.  Probe and filter temperatures were 
±25 °F of the specified temperature.  All filter weights are accurate to ±0.1 mg.   
 
 In addition to the test samples, blank samples of each collection media (reagents and 
filters) were collected at the test site for background analyses.  All blank samples were analyzed 
in conjunction with actual test samples.  Sampling results are corrected for these backgrounds, if 
required.  Appropriate sample recovery data are recorded on the sample identification and 
handling logs, chain of custody forms and analytical data forms as presented in the Appendix. 
 
 Calibration gases utilized for instrumental analysis methods are prepared in accordance 
with EPA Protocol or certified to be within ±2% of the cylinder “tag” value concentration.  
Analyzer linearity, bias, calibration drift, and calibration drift corrections were determined in 
accordance with Reference Method 6C, as outlined in Section 4.2 of this document
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