
 
 
 

 
Progress Energy Waste Treatment Scenarios 

 
 
This document provides an overview of the current status and proposed further work required 
to address the effective treatment of the various solid and liquid waste streams generated by 
Progress Energy in the U.S. The document has been produced to aid the efforts of Virotec’s 
North American agent, EnviRemed LLC. 
 
1. Fly Ash Treatment 
 
The fly ash being generated by Progress Energy most likely contains the following elements: 
Arsenic (As), silver (Ag), barium (Ba), beryllium (Be), cadmium (Cd), chromium (Cr), mercury 
(Hg), selenium (Se), and other heavy metals. For example, Hg represents 0.2 mg/kg of coal 
(using a worldwide average), although it may be as high as 1.0 mg/kg. One of the waste 
management challenges associated with fly ash is the high leachability of heavy metals into 
the environment. This may occur when the fly ash is reused in industrial or commercial 
applications, such as road construction or cement production, or when leachable metals enter 
the ecosystem as leachate or by other means. Health concerns have been raised is relation 
to the use of fly ash in industrial and commercial applications. 
 
All of these elements have been found amendable to treatment by Virotec’s reagents. 
Specifically, leachable heavy metals are typically reduced by up to 99% after treatment using 
ElectroBindTM, for example. ElectroBindTM would be mixed directly into the fly ash in order to 
reduce the leachability of heavy metals. This procedure does not reduce the total metals 
content of the fly ash, only the leachability of metals. Long-term and repeated TCLP tests 
conducted on many industrial solids over the last ten years indicate that the longer 
ElectroBindTM is in contact with the fly ash, the more tightly bound the heavy metals become. 
 
If we assume an addition rate of between three (3%) and five (5%) percent, ElectroBindTM 
would be added at a rate of between 30 kg (66 lb) and 50 kg (110 lb) per 1.0 tonne (or 2,200 
lb) of fly ash. At a price of US$350 per tonne (or $0.16 per lb), it will therefore cost Progress 
Energy between $10.50 and $17.50 for the ElectroBindTM to treat one tonne of fly ash. This 
price is for ElectroBindTM to be supplied in 1.0 ton (2,000 lb) supersacks; if the product is 
supplied as a bulk material, this price may be modified. Virotec has not received any data or 
sample of Progress Energy’s fly ash, and therefore these estimates are indicative only. All 
assumptions need to be confirmed by laboratory analysis and test work or by on-site trials. 
Note, this price is for the product only; transportation, storage, handling and application costs 
should be calculated based on volume of product, location of site, scope of work, etc.  
 
2. Combined Fly Ash and Bottom Ash Treatment 
 
Like the fly ash being generated by Progress Energy, the bottom ash may also contain the 
following elements: As, Ag, Ba, Be, Cd, Cr, Hg, Se, and other heavy metals. At each power 
plant, the bottom ash hopper is a very unique and dynamic system affected by many 
variables. These variables include: coal quality, boiler performance, hopper water 
temperature, etc. Bottom ash may be used as an aggregate in road construction and 



concrete, where it is known as furnace bottom ash (FBA), to distinguish it from incinerator 
bottom ash (IBA), the non-combustible elements remaining after incineration. One of the 
waste management challenges associated with bottom ash is the high leachability of heavy 
metals into the environment. This may occur when the bottom ash is reused in industrial or 
commercial applications, such as home construction, or when leachable metals enter the 
ecosystem as leachate or by other means. Health concerns have been raised is relation to 
the use of bottom ash in industrial and commercial applications. 
 
All of these elements have been found amendable to treatment by Virotec’s products. 
Specifically, leachable heavy metals are typically reduced by up to 99% after treatment using 
ElectroBindTM, for example. ElectroBindTM would be mixed directly into the bottom ash in order 
to reduce the leachability of heavy metals. This procedure does not reduce the total metals 
content of the bottom ash, only the leachability of metals. Long-term and repeated TCLP 
tests conducted on a variety of industrial solids over the last ten years indicate that the longer 
ElectroBindTM is in contact with the bottom ash, the more tightly bound the heavy metals 
become.  
 
ElectroBindTM may be used to effectively treat the leachability of heavy metals from either 
bottom ash or a combined mixture of fly ash and bottom ash. If we assume an addition rate of 
between three and five percent, ElectroBindTM would be added at a rate of between 30 kg (66 
lb) and 50 kg (110 lb) per 1.0 dry tonne (2,200 lb) of fly ash and bottom ash. At a price of 
US$350 per tonne (or $0.16 per lb), it will therefore cost Progress Energy between $10.50 
and $17.50 for the ElectroBindTM to treat 1.0 tonne of the combined mixture of fly ash and 
bottom ash.  
 
This price is for ElectroBindTM to be supplied in 1.0 ton (2,000 lb) supersacks; if the product is 
supplied as a bulk material, this price may be modified. Virotec has not received any data or 
sample of Progress Energy’s bottom ash and therefore these estimates are indicative only. 
All assumptions need to be confirmed by laboratory analysis and test work or by on-site trials. 
Note, this price is for the product only; transportation, storage, handling and application costs 
should be calculated based on volume of product, location of site, scope of work, etc. 
 
3. Flue Gas Scrubbing 
 
As, Se and Hg in flue gas exist in both elemental and oxidised vapour forms as well as a solid 
metal that has reacted with fly ash. The oxidised heavy metal vapour left in flue gases after 
fly ash removal is ameliorated by wet FGD scrubbing, resulting in 40-60% total heavy metal 
removal for bituminous coals and less than 30-40% total heavy metals removal for sub-
bituminous coals and lignite; discharge of the fly ash also removes heavy metals, resulting in 
10-30% removal for bituminous coals but less than 10% for sub-bituminous coals and lignite.  
 
Faced with new evidence that power utilities across the U.S. are discharging toxic sludge into 
waterways, the EPA is imposing new restrictions on the level of contaminants power plants 
can discharge. Plants in Florida, Pennsylvania and several other states, for example, have 
flushed wastewater with levels of As, Se and other toxins that exceed the EPA’s freshwater 
and saltwater standards, which are aimed at protecting aquatic life, according to data the 
agency has collected over the past few years.  
 
While Se can be beneficial in tiny amounts, elevated levels damage not only fish but also 
birds and people who consume contaminated fish. But the reason more Se and metals such 
as As are now entering U.S. waterways is because the federal government has pressed 
utilities to install pollution-control “scrubbing” technology that captures contaminants headed 
for smokestacks and stores them as coal ash or sludge. The EPA estimates that these two 
types of coal combustion residue—often kept in outdoor pools or flushed into nearby rivers 



and streams—amount to roughly 130,000 tons per year and will climb to an estimated 
175,000 tons per year by 2015. 
   
In 2003, a study of the possible use of ElectroBindTM as a filter media to treat flue gases was 
initiated by the stack emissions gas treatment testing facility of the U.S. EPA Office of 
Research and Development, to determine whether ElectroBindTM could remove potentially 
acid forming gasses (e.g., sulphur dioxide), Hg vapour and/or any other volatile 
contaminants. The study began as an investigation of the possible use of ElectroBindTM to 
prevent the escape of potentially acid-forming gases.  
 
The results showed that while ElectroBind was not entirely successful in treating acid-forming 
gases in FGD, it did simultaneously remove substantial quantities of Hg vapour, which was 
not an outcome that could be achieved by alternative treatments used to remove potentially 
acid forming gases, including via the use of acid-neutralised ARR. results of this study.  
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40 58.6 97.0 25.4 42.1 54.9 
80 35.2 58.2 25.0 41.4 16.7 
140 50.8 84.1 12.4 20.6 63.5 

 
Mercury removal from flue gases using ElectroBindTM.  
 
The researchers noted that the 40°C case is special because they had to remove water but, 
using ElectroBindTM, they were able to remove 97% of the Hg (42% by the adsorption of 
elemental Hg onto the solids and 55% oxidized). At 80°C they had about 60% removal with 
only 17% due to oxidation, whereas at 140°C the removal efficiency had risen to 84% and 
about 64% of this removal involved oxidation.  
 
These observations led the U.S. EPA Office of Research and Development to conclude that 
there must be two competing mercury removal mechanisms involved in the removal and 
binding process when ElectroBindTM was used; a) physisorption that is more favourable at 
lower temperatures, and b) catalysed oxidation of Hg (elemental) to Hg2+, which is favoured 
at higher temperatures.   
 
More recent data from the UK has been provided by AquaEnviro. AquaEnviro is an  
independent research company in the Midlands who was commissioned by Yorkshire Water 
(one of the largest water companies in the UK) to test the efficiency of ViroFilterTM filter media 
to remove TP from wastewater. At the same time, AquaEnviro were engaged by 
Northumbrian Water to conduct research into the hydrogen sulfide (H2S) odour removing 
properties of ViroFilterTM in comparison to activated carbon. Initial results in 2006-2007 were 
encouraging on both fronts as reported to Virotec by AquaEnviro.  
 
For example, data indicated that when H2S is 3,500 ppm, an activated carbon filter will 
reduce the H2S to 20 ppm and ViroFilterTM will reduce it to 14 ppm; when H2S is 2,800 ppm, 
an activated carbon filter will reduce the H2S to 16 ppm and ViroFilterTM will reduce it to <10 
ppm. More recent data from AquaEnviro related to methane (CH4), carbon dioxide (CO2) and 
H2S removal rates in relation to activated carbon indicate the following:  
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Activated Carbon    
    Methane 68 0.3 >99 
    Carbon Dioxide 20 0.1 >99 
    Hydrogen Sulfide 61 11 82 
    

ViroFilterTM    
    Methane 70 0.4 >99 
    Carbon Dioxide 30 0.1 >99 
    Hydrogen Sulfide 1,288 101 90 

 
Comparison of removal efficiencies of activated carbon and ViroFilterTM filter media for 
methane, carbon dioxide and hydrogen sulfide.  
 
In all cases, O2 increased at approximately the same rate and to the same degree. 
 
From this data, AquaEnviro concluded that "the results indicate that the Virotec filter media is 
removing in excess of 99% of methane and C02 and approximately 90% of the available 
hydrogen sulphide. The media has exactly the same odour removal properties when wet as 
dry for gaseous removal. The results clearly show an increase in odour removal  
properties of the (ViroFilterTM) media over activated carbon."  
 
As a result of the earlier work done for Northumbrian Water, we had established that Virotec's 
technology was extremely efficient in reducing odour caused by H2S and this removal 
efficiency was more than observed for AC, but this new data not only confirms the earlier 
findings, but also extends this work to include CH4, CO2 and O2. We intend to continue this 
work to include sulfure dioxide (SO2) and nitrous oxide (N2O), as these five gases constitute 
most of all the major air-borne pollutants generated from coal- and oil-fired power stations, 
and would welcome the opportunity to work with Progress Energy on such research and 
trials. ElectroBindTM may also be used to effectively treat heavy metals, sulfides, nitrates, 
nitrites, ammonia, etc. in FGD gases.  
 
The price of ElectroBindTM as a filter media is approximately US$2,500 per m3 (or $2,250 per 
cubic yard) depending on the volume of reagent ordered. If we assume that each 1.0 m3 of 
ElectroBindTM filter media weighs 800 kg, that means each kg of ElectroBindTM costs 
approximately $3.10 per kg or $1.40 per lb (the price of granulated activated carbon ranges 
between US$10-20 per lb or $20,000-$40,000 per ton in the United States; these prices are 
conservative and may be higher depending on purity of carbon source).   
 
It is not possible at this time to predict the amount (by weight or volume) of contaminants that 
1.0 m3 or 1.0 yard3 of ElectroBindTM filter media would remove from FGD gases. The reason 
for this situation is that Virotec does not know what the profile of the FGD gas is and what 
contaminants are greatest. However, it is not unreasonable to assume, based on the above 
evidence, that >90% of contaminants would be removed in the scrubbing process. The 
volume of ElectroBindTM required to treat the FGD gas would have to be verified in laboratory 
or field trials (it should be noted that, as a guide, ElectroBindTM can bind up to approximately 
0.5% total phosphorus of its own weight). This quoted price is for ElectroBindTM to be supplied 
in 1.0 ton (2,000 lb) supersacks; if the product is supplied as a bulk material, this price may 
be modified. Virotec has not received any data or sample of Progress Energy’s FGD gaseous 
emissions and therefore these estimates are indicative only. All assumptions need to be 
confirmed by laboratory analysis and test work or by on-site trials. Note, this price is for the 
product only; transportation, storage, handling and application costs are to be calculated 
separately based on volume of product, location of site, etc.   
 



4. Flue Gas Desulfurisation Blowdown Treatment 
 
The process of generating electricity by burning fossil fuels produces a variety of wastewater 
types that have the potential to release pollutants into surface waters when discharged. 
These wastewaters originate from a variety of power plant processes, including blowdown 
from flue gas desulfurisation (FGD), “once-through” cooling water, cooling tower blowdown, 
boiler blowdown, metal and boiler cleaning waste, and demineralised regenerants. Fossil 
fuel-based power plants consume large quantities of water for a range of purposes, including 
fuel (i.e., coal) preparation, power augmentation, emissions control and so-called “cycle 
makeup” purposes. However, significant quantities of locally-sourced freshwater are 
becoming increasingly difficult to procure, as water consumption outstrips the pace of 
throughput at some plants. Because the metallic materials which power plant process water 
comes into contact with are subject to corrosion at high temperatures and pressures, process 
water is purified by a system of water softeners and ion exchange de-mineralisers. The 
make-up water in a 500 MW plant, for example, amounts to about 75 litres (34 gallons) per 
minute, which is used to offset the losses from steam leaks in the system and during 
blowdown.  
 
The worldwide electricity industry is second only to agriculture as the largest domestic user of 
water, accounting for about 40% of all freshwater withdrawals, of which 71% is used in fossil 
fuel-based electricity generation. Power plants have to compete with other industrial 
customers, agricultural interests, and households for this limited commodity. The availability 
of water for use in electric power generation is limited in many parts of the U.S. and is an 
important factor in obtaining site permits for new plant construction. Difficulty or an inability to 
obtain the necessary permits for water can lead to delayed or abandoned projects; it is also 
often the case that additional infrastructure is required to provide a suitable supply of water, 
adding cost and environmental impact. In areas that do not have an adequate water source, 
power plant construction is not even considered, even though these locations may be ideal in 
other respects. To offset the observed escalating consumption rates of water, new systems 
have been devised that can recover a substantial portion of the water vapour present in a flue 
gas stream. Water is becoming scarce and expensive in many parts of the U.S. where there 
are already strong economic incentives to reduce the net water requirements of power plant 
cooling steams, turbine condensers and scrubbing stack gases.  
 
It has been shown that the following contaminant levels and removal standards (when lime is 
dosed as a slurry into FGD blowdown wastewater) exist in U.S. power plants:  
 

 
Parameter 

 
FGD Blowdown Wastewater 

Before Treatment 
(ppm) 

 

 
After Lime Treatment 

(ppm) 
 

   
Nitrate 10-2,000 10-2,000 
Nitrite <2.0 <2.0 
Ammonia 10-100 10-100 
Sulfate 1,500-2,000 1,500-2,000 
Sulfide <20 <0.2 
Chromium <5.0 <0.05 
Cadmium <1.0 <0.05 
Mercury <1.0 <0.05 
Zinc <10 <1.0 
Lead <5.0 <0.1 
Nickel <5.0 <0.5 

 
Before and after lime treatment results in parts per million for FGD blowdown wastewater 
treatment in U.S. power plants. 
 



As indicated in the following data, each of these treatment standards can be (or is likely to 
be) exceeded with the use of ViroFlowTM Technology.  
 
ViroFlowTM Technology for the treatment of FGD blowdown wastewater has been trailed at 
several power plants in Australia and the U.S. For example, at Progress Energy’s coal-fired 
power plant in North Carolina, ViroFlowTM Technology was applied by using two different 
ElectroBindTM formulae and two different dosing rates to treat contaminated FGD blowdown 
wastewater. The plant had to meet stringent treatment targets. 
 
The power plant had strict controls for As and Pb, because the levels of As in the coal used 
at the plant were high and because the EPA had identified As toxicity as a potential problem 
in the wetlands where the FGD blowdown wastewater was being discharged. Specifically, the 
EPA had identified As toxicology in minnows whose habitat in adjacent wetlands was a 
potential downstream pollution threat.  
 

 
Parameter 

 
Untreated 
Sample 

 
ViroFlowTM 
Technology 

Treatment #1 

 
ViroFlowTM 
Technology 

Treatment #2 
 

 
Treatment 

Targets 

     
pH 7.0 7.2 7.2 7.0-8.0 
Arsenic 130 BDL BDL 10 
Cadmium 2.0 BDL BDL 2.0 
Copper 23 BDL BDL 7.0 
Mercury 9.0 BDL BDL 0.01 
Lead 159 BDL BDL 25 
Tin 8.3 BDL BDL 5.6 
Thallium 1.9 BDL BDL 0.24 
Zinc 42 BDL BDL 50 

 
Untreated and treated Progress Energy FGD blowdown wastewater treatment results for 
ViroFlowTM Technology, including licensed treatment targets (all measures in µg/L except pH; 
BDL = below detection limits).  
  
Prior to treatment, all heavy metals were equal to or higher than allowable discharge limits; 
after treatment all heavy metals were below the detection limit of 0.005 µg/L. For example, As 
levels prior to treatment with ViroFlowTM Technology were 130 µg/L (120 µg/L above the 
treatment target limit) and lead levels were 159 µg/L (134 µg/L above the treatment target); 
after treatment As and Pb were reduced to below detection limits by both Treatments #1 and 
#2.  
 
Indicative prices for a field trial and ongoing treatment of the Progress Energy FGD blowdown 
wastewater treatment have been previously supplied by Virotec. 
 
5. Radiation Screening 
 
Research results indicate that caesium (137Cs) and strontium (90Sr) are trapped by Virotec’s 
reagents that have been washed in fresh water. These reagents have an alkaline earth 
element deficiency and consequently have an ability to trap and bind elements such as 
caesium and strontium including the 137Cs and 90Sr radioisotopes, and will hold these 
elements sufficiently tightly that they are not able to be leached by common groundwater or 
taken up by plants growing on treated soil.  
 
Similarly, work at Southern Cross University in Australia has shown that Virotec’s reagents 
have an ability to trap and bind many elements (e.g., uranium, thorium and elements 
produced as a result of the decay of their radioisotopes) that contribute to radioactive 



contamination of sediment and water systems. Trials involving the treatment of acidic metal 
contaminated water from a uranium mine in Australia show that Virotec reagents have an 
ability to remove uranium (U) and thorium (Th), including their radioisotopes, from acidic 
water.  
 
In a demonstration treatment of acidic water (pH = 0.81) from a mine processing plant the 
concentration of U was reduced from 375.6 mg/L to <0.1 mg/L and the concentration of Th 
from 27.5 mg/L to <0.1 mg/L. In this study, water was pre-treated using crushed olivine basalt 
to raise the pH to about 3.0 and then treated using Radium ProActivTM and Arsenic ProActivTM 
reagents.   
 
In another study, phosphogypsum wastewater from sites in Florida (USA) and Queensland 
(Australia) with an initial pH of 1.6 was treated using common chemical reagents to produce 
marketable by-products and then finally treated using Virotec reagents to a pH of 8.4. 
Phosphogypsum residues from Florida phosphate rock commonly have 238U decay series 
elements that produce over 1,200 Bq/kg and 232Th decay series elements that produce about 
10 Bq/kg; Moroccan rock phosphate typically has 238U decay series elements that produce 
over 1,100 Bq/kg and 232Th decay series elements that produce over 200 Bq/kg; world 
average superphosphate has 238U decay series elements that produce about 450 Bq/kg and 
232Th decay series elements that produce about 100 Bq/kg.  
 
The treatment reduced the uranium concentration from about 1.3 mg/L to <0.002 mg/L and 
the thorium concentration from about 0.1 mg/L to <0.002 mg/L. Both of these studies show 
that certain Virotec reagents can be used to reduce uranium and thorium concentrations to 
very low values if the waters to be treated are acidic before treatment. At present it is not 
known whether the process would be equally as effective for neutral or alkaline waters.  
 
Virotec’s findings related to the trapping and binding of U and Th have been independently 
confirmed by a study conducted on water from the Berkeley Pit in Butte, Montana. In this 
study the U content of the water was reduced from 760 µg/L to 1.05 µg/L and the Th 
concentration was reduced from 127 µg/L to 0.03 µg/L; in the same study the concentration 
of beryllium (Be) was reduced from about 80 µg/L to not detected (<0.1 µg/L). Based on the 
above data, it appears that Virotec’s reagents have the ability to trap and bind many 
important radioisotopes and to reduce the concentrations of these elements in water to low 
levels. The ability of Virotec’s reagents to remove a wide range of trace metals and metalloids 
(such as As) from contaminated waters has been documented elsewhere.  
 
Work conducted using MicroShield (v6.10) and a theoretical radioactive source to determine 
the potential of Virotec’s reagents to shield radioactive materials found a concrete thickness 
of 85 cm (34”) reduces exposure from the radioactive source to an acceptable level. 
However, with addition of the Virotec reagent the thickness could be reduced to 64 cm (26”), 
a reduction of approximately 25%, and a 50:50 ratio of reagent and concrete reduces the 
shielding thickness to 73 cm (29”). Modelling data also indicate that the addition of small 
amounts of higher density shielding materials (in particular 20% iron, 15% lead, and <5% 
uranium) into the Virotec reagent reduces the thickness of the shield to around 42 cm (17”) or 
about half the thickness of concrete. The study indicates that Virotec’s reagents have 
potential in radiation shielding and suggests that further work on the shielding properties of 
the reagents or other blended materials may be warranted. Work conducted by Virotec in 
North America for the removal of radium (Ra) in drinking water has also proven successful, 
further suggesting the radionuclide binding properties of Virotec’s reagents. 
 
6. Disclaimer 
 
It is not possible to provide indicative quotes on the cost to conduct work of any of the above 
applications in real world settings until further information and field data are provided by the 



client. All prices are current as of April 2010, but no guarantee can be made to the future 
prices of Virotec’s products. Virotec has prepared this information with the usual care and 
thoroughness of the profession. It was based on data provided by generally accepted 
practices and standards at the time it was prepared.  
 
No other warranty, expressed or implied, is made as to the accuracy or professional advice 
contained herein. Virotec has made no independent valuation of data beyond the scope of 
work contained herein, and Virotec assumes no responsibility for omissions or the accuracy 
of the information provided.   
 
Prepared by: 
 
Dr Lee Fergusson 
Chief Executive Officer 
Virotec Global Solutions Pty Ltd 
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