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EXECUTIVE SUMMARY 

Bishop Water Technologies (Bishop Water) of Renfrew, Ontario, Canada  has submitted a technology proposal 

for  ClariPhosTM  to the Ohio Environmental Protection Agency’s (Ohio EPA’s) H2Ohio Technology Assessment 

Program (TAP) for the purpose of addressing the Lake Erie algal blooms and associated nutrient loading.   

ClariPhosTM  is an inorganic liquid coagulant developed from rare earth elements lanthanum (La) and cerium 

(Ce).  ClariPhosTM  has the capability of lowering total phosphorus (TP) concentrations in wastewater to ultra-

low levels of less than 0.07 milligrams per liter (mg/L).  This level of phosphorus (P) removal can be achieved 

without the use of tertiary filtration or implementation of additional infrastructure. This innovative coagulant 

can be used to remove P from several wastewater treatment streams  including existing municipal wastewater 

treatment plants (WWTPs), lagoons or ponds.  ClariPhosTM  is applied in an efficient 1:1 molar dose ratio that is 

more efficient and effective when compared to traditional Ferric or Aluminum treatments for P precipitation.  

The TAP objectives addressed by ClariPhosTM  are (1) to reduce nutrient loading to rivers, streams, and lakes and 

(2) to improve nutrient removal in wastewater treatment systems.  ClariPhosTM offers the ability to ensure 

compliance with plant discharge limits for P, but also with other potential advantages that may lead new 

facilities, or facilities currently using other processes for P removal, to adopt ClariPhosTM.  These other 

advantages include: 

 Reduced volume of sludge produced and higher percentage of biosolids; 

 Significantly improved clarifier performance; 

 Need to run plant centrifuges significantly reduced; 

 Need to truck/haul biosolids offsite to landfill reduced due to lowered sludge production; 

 Improved plant performance overall: less foam in the aeration basin, better effluent quality, more 

stable and consistent pH values, and reduction or elimination of pH adjustment; 

 Increased percentage of ultraviolet transmission (UVT%) in the disinfection unit resulting in low 

pathogen levels in the final effluent; 

 Final effluent able to potentially be re-used for irrigation; 

 Does not create  toxic byproducts or residuals in the effluent or the residual sludge; 

 Elimination of nuisance struvite buildup requiring cleaning/maintenance; and 

 Better overall process performance of WWTPs. 

Tetra Tech concurs that the ClariPhosTM technology accomplishes two main objectives: high TP removal 

efficiency and low treatment cost.  It can reduce TP to below required discharge limits at a cost lower than or 

comparable to other coagulants or other treatment methods.    It also reduces plant operation and maintenance 

(O&M) and sludge handling, resulting in additional savings.  Finally, adoption in an existing wastewater 

treatment plant requires little or no additional capital outlay.  The major costs accompanying the technology 

are associated with the chemical itself.  

The relatively low infrastructure cost and maintenance requirements make ClariPhosTM viable for smaller 

community systems.  The technology has been installed and successfully applied at plants ranging from 770,000 
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to 3.4 million gallons per day (MGD).  Thus ClariPhosTM  may be an effective enhancement to management of 

wastewater from smaller decentralized Ohio communities in rural areas of the Lake Erie watershed, or medium 

sized centralized communities, where infrastructure and O&M costs associated with developing and operating 

effective conventional wastewater plants capable of meeting goals for nutrient removal can prove to be 

prohibitive.        

Bishop Water provided case studies of past demonstrations and full-scale implementations of the ClariPhosTM

technology.  These included performance and cost data.  The following are key observations from some of these 

evaluations:   

 TP concentrations as low as 0.036 mg/L were achieved in some cases and in all cases were reduced to 

required limits; 

 ClariPhosTM performance is relatively unimpacted by typical cold weather in the Lake Erie region;

 The lower molar dosing ratio of ClariPhosTM (1:1) results in reduced sludge management effort and 

cost compared to Ferric- and Alum-based processes; and 

 Other cost savings were achieved due to reductions in other general plant operation and maintenance 

requirements. 

According to Bishop Water, the estimated cost for the supply of ClariPhosTM would be approximately $0.36 

United States Dollars (USD) per cubic meter (m3) or $1.36 USD per 1,000 gallons of treated wastewater to reduce 

P from 5 mg/L to < 0.07 mg/L  or removing about 4.93 kilograms per day (kg/day) of TP. 

Two cost scenarios were provided by Bishop Water:  1000 m3 / 264,000 gallons per day (GPD) at an influent P 

concentration of 2.8 mg/L, and 5,000 m3  / 1.3 MGD at an influent P concentration of 5 mg/L.  In both cases the 

targeted effluent concentration was 0.5 mg/L.  In Scenario 1,    approximately 2.3 kilograms (kg) of TP would be 

removed from 264,000 GPD via ClariPhosTM.  Based on these considerations, the estimated cost was 

approximately $20.91 USD per pound (lb.) of P removed.   For Scenario 2, the estimated cost was $23.21 USD 

per lb. of P removed. 

This report evaluates ClariPhosTM  against a suite of criteria identified by the TAP using information provided by 

Bishop Water and obtained elsewhere.  Tetra Tech determines that ClariPhosTM  is very likely to be effective at 

reducing nutrient loading to Lake Erie, in direct proportion to the number of wastewater treatment systems to 

which it is applied.  Tetra Tech did not identify any negative impacts associated with environmental risks, 

supply chain limitations, or community perception.   A demonstration project targeting adoption of ClariPhosTM

at locations within Ohio’s Lake Erie watershed could provide more detailed data regarding the technology’s 

performance and costs and increase awareness among smaller to medium-sized Ohio community wastewater 

treatment plants that would potentially comprise the largest and most immediate market for this technology.     
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Al Aluminum

Al2(SO4)3 Aluminum Sulfate (Alum)
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lb. pound
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MG Million gallons
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WDNR Wisconsin Department of Natural Resources

WELB Western Lake Erie Basin

WET Whole Effluent Toxicity

WPCF Water Pollution Control Facility 

WQBEL Water quality-based effluent limit
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1.0 INTRODUCTION AND BACKGROUND 

H2Ohio ( http://h2.ohio.gov ) is Ohio Governor Mike DeWine’s comprehensive, data-driven water quality plan to 

reduce Harmful Algal Blooms (HABs), improve wastewater infrastructure, and prevent lead contamination.  

Governor DeWine’s H2Ohio plan is an investment in targeted solutions such as : 

 Reducing P runoff through increased implementation of agricultural best management practices and 

the restoration of wetlands;  

 Improving wastewater infrastructure;  

 Replacing failing home septic systems; and  

 Preventing lead contamination in high-risk daycare centers and schools.   

HABs have been a concern in Lake Erie for decades, and the State of Ohio has a long history of developing 

solutions to address them. In support of these efforts, state agencies are often presented with new approaches 

for addressing HABs.  These approaches often involve technologies and products that are typically innovative, 

can be proprietary, and span multiple scientific disciplines. To evaluate these proposals for their efficacy and 

feasibility, the Ohio Environmental Protection Agency (Ohio EPA) worked with the Ohio Lake Erie Commission 

to create a public advisory council—the  Technology Assessment Program (TAP) Team.   The H2Ohio TAP Team 

is comprised of representatives from the private sector, public sector, trade associations, and non-profit 

companies. The H2Ohio TAP team is conducting an evaluation of technologies designed to treat, control, and 

reduce HABs in the Lake Erie watershed.  H2Ohio initiated the TAP to solicit and evaluate technologies that 

support one or more of the following five goals: 

1. Reduction of nutrient loading to rivers, streams, and lakes; 

2. Removal of nutrients from rivers, streams, and lakes; 

3. Reduction of the intensity or toxicity of algal blooms; 

4. Recovery of nutrients from animal waste; and 

5. Improvement of nutrient removal in wastewater treatment systems. 

The H2Ohio TAP Team worked to solicit and prioritize technology proposals for further review.  A Request for 

Technologies (RFT) was developed and issued by the Ohio EPA in November 2020 (H2Ohio TAP, 2020).   The 

H2Ohio TAP conducted a thorough evaluation of the 40+ proposals received in response to the RFT and selected 

10 technologies for further evaluation.  The developers of these 10 technologies were given an opportunity to 

provide additional information and supporting data to allow an independent evaluation of their technology by 

a third party, Tetra Tech, Inc. (Tetra Tech).   

As a contractor to the Ohio EPA, Tetra Tech conducted an independent third-party evaluation of the 10 

technologies selected by the H2Ohio TAP team.  The goal of the evaluation was to provide a general assessment 

of the potential effectiveness, implementability, readiness, and cost of deploying each technology.   Selected 

technologies may eventually be demonstrated in the field under future H2Ohio programs.   
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2.0 PURPOSE 

The primary purpose of the technology assessment and evaluations was to conduct a comprehensive scientific 

evaluation of the selected technologies to determine if and how they could be utilized to address HABs in Lake 

Erie.  

Based on input from Ohio EPA and the H2Ohio TAP team, Tetra Tech established primary (P1 & P2) and 

secondary (S1 & S2) objectives for the third-party evaluation program.  The primary objectives are critical to the 

technology evaluation and involve conclusions regarding technology performance that are based on 

quantitative and semi-quantitative data.  The primary objectives for the evaluations of the participating 

technologies are as follows: 

 P1: Effectively assess the performance, cost-effectiveness, and reliability data gathered from each 

vendor with regard to one or more of the 5 H2Ohio goals: 

o Reduce nutrient loading to rivers, streams, and lakes:  

o Remove nutrients from rivers, streams, and lakes:  

o Reduce the intensity or toxicity of algal blooms 

o Recover nutrients from animal waste:  

o Improve nutrient removal in wastewater treatment systems, specifically with small (e.g. 

lagoon) and decentralized systems 

 P2: Ensure that the evaluations are completed by appropriate personnel using a documented, 

consistent approach and level of detail, to include: 

o Proof of concept review 

o Fatal flaw analysis 

o Review of previous implementation of the technology or similar technologies 

o Review of data quality objectives 

o Review of quality assurance/quality control procedures and reports 

o Evaluation of scalability 

o Information gap evaluation 

o Evaluation of cost; both total and by unit, such as nutrient reduced/removed 

o Feasibility review for a proposed demonstration project 

o Feasibility review for full scale implementation 

o Statement of probability of success 

The secondary objectives pertain to Tetra Tech’s approach to assessing and presenting the information and 

thus support the primary objectives.   

The secondary objectives for Tetra Tech’s evaluation are as follows: 

 S1: Prepare Comprehensive Scientific Assessment and Recommendations Reports for each 

technology that will support potential users’ ability to make sound judgements on the applicability of 

the technology to a specific site and to compare the technology to alternatives.   
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 S2: Ensure that project deliverables follow consistent format and similar levels of detail.  Each report 

will contain: 

o A summary of the technology and results of past uses of the technology; 

o Results of conceptual model review, fatal flaw analysis, and information gap evaluation; 

o A statement of probability of success and scalability of the project; 

o Verification of cost estimates at various implementation levels; 

o Results of the feasibility review for a potential demonstration project and full-scale 

implementation of the technology; 

o Verification of claims made by applicants. 

The technology evaluation consisted of the (1) collection; (2) evaluation; and (3) summarizing and reporting of 

data on the performance and cost of each technology.  These data provided the basis for meeting the  primary 

objectives.   

Most data supporting these evaluations were provided by the technology developers and Tetra Tech attempted 

to verify it using independent sources, when available. Tetra Tech focused its verification efforts on key aspects 

of the technology (e.g., effectiveness, cost) as well as any claims that seemed questionable.  Otherwise, Tetra 

Tech assumed information provided by the vendor to be accurate.  Instances where Tetra Tech is unsure of a 

claim being made by the vendor are noted in the report.  In some cases, information was also obtained from 

the peer-reviewed scientific literature. Tetra Tech worked with each developer to obtain the data necessary to 

meet the primary and secondary evaluation objectives.   

Tetra Tech then completed an independent evaluation of the data provided by each developer and prepared 

separate reports for each technology evaluation, following a consistent report format. This report provides a 

summary of our review of the ClariPhosTM   (also known as RE100, RE300 or NeoWaterFX300) technology 

developed by Bishop Water Technologies (Bishop Water) of Renfrew, Ontario, Canada. 

3.0 TECHNOLOGY OVERVIEW 

Tetra Tech reviewed and included information 

provided by Bishop Water in this section of the 

report (Bishop, 2021a &2021b) which includes 

case studies unless otherwise noted. 

Bishop Water has developed the ClariPhosTM technology to remove nutrients, specifically phosphorous (P),  

from wastewater systems at a greater level of efficiency than conventional coagulants typically applied for such 

purposes.  ClariPhosTM is an inorganic, liquid coagulant developed from rare earth elements: lanthanum (La) 

and cerium (Ce) that has  the capability of lowering Total P (TP) concentrations in wastewater to less than 0.07 

milligrams per liter (mg/L) without the use of tertiary filtration or implementation of additional infrastructure.  

The product is also marketed under the names “RE300”  and “NeoWaterFX300” and previously also as “RE100”.  

ClariPhosTM is an environmentally-safe solution developed specifically for rapid and stable precipitation of P in 

municipal and industrial wastewater facilities.  This rare earth chloride solution is a high performance, water-

soluble coagulant that has a very strong attraction to P.  The ClariPhosTM reaction with P greatly reduces the 
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amount of product needed to achieve the desired final P level in the plant effluent waste stream.  As a result, 

less chemical sludge is generated in the treatment process.  ClariPhosTM is a non-hazardous salt solution that is 

not expected to be harmful to fish or aquatic invertebrates.  According to Bishop Water, It shows no acute 

toxicity to the environment (see Section 4.14). 

This innovative coagulant can be used to remove P from several wastewater treatment streams such as existing 

municipal wastewater treatment plants (WWTPs), in lagoons, or ponds.  ClariPhosTM works more efficiently 

than traditional chemical coagulants, such as ferric chloride or aluminum chloride. ClariPhosTM binds to P 

through a strong insoluble crystalline ionic bond, and creates an insoluble precipitate called rhabdophane 

(REPO 4H2O). This is a unique property compared to traditional coagulants, as the bond formed specific to P.    

Traditional chemical coagulants require a 5:2 molar ratio of either iron (Fe) or aluminum (Al) to P, to achieve P 

removal.   ClariPhosTM targets P at a 1:1 molar ratio for removal in water and wastewater.  This is a key innovative 

feature of the technology.  ClariPhosTM‘s lower molar ratio application requires less chemical for effective P 

treatment, resulting in reduced sludge production and management costs.   Note it is estimated that on average, 

sludge management costs can comprise approximately 50% or more of the total operating costs of a WWTP in 

the United States. (Treatment Plant Operator, 2021).  The ClariPhosTM  coagulant can be applied during primary, 

secondary, or tertiary treatment of wastewater.  Once the precipitate has formed, sedimentation can occur, 

allowing the P to be removed from the wastewater (Bishop, 2021a & 2021b). 

4.0 TECHNOLOGY EVALUATION 

This section of the report addresses each of the criteria identified by Ohio EPA to be included in the independent 

evaluation process.  All discussion in this section is based on data and information provided by the vendor 

(Bishop, 2021a and 2021b) unless otherwise noted. 

4.1 CONCEPTUAL MODEL REVIEW 

ClariPhosTM is a chemical treatment method for wastewater/ sewage that can reduce point-source discharges 

of nutrients (i.e. P) to receiving water bodies in the Lake Erie watershed.  Bishop Water claims that ClariPhosTM

accomplishes P removal more efficiently than conventional methods currently in use; thus the cost and effort 

savings may be desirable features to potential users of the technology, whether new facilities or existing 

facilities seeking more cost-effective operation.  ClariPhosTM  works on a relatively simple series of inorganic 

chemistry reactions and at lower dosing than conventional coagulants.  The lower dosing offers potential users 

the benefit of achieving significant P removal while generating less sludge and subsequently less management 

and disposal of sludge.  For these reasons, Tetra Tech’s concurs that the conceptual model for ClariPhosTM  is 

sound.   

ClariPhosTM is an inorganic liquid coagulant developed from rare earth (RE) elements.  ClariPhosTM has the 

capability of lowering TP concentrations in wastewater to less than 0.07 mg/L.  ClariPhosTM works more 

efficiently than traditional chemical coagulants, such as ferric chloride or aluminum chloride as it binds 

specifically to P through a strong insoluble crystalline ionic bond, and creates an insoluble precipitate called 
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rhabdophane or REPO4H2O.  ClariPhosTM achieves P removal at a 1:1 molar ratio whereas traditional chemical 

coagulants achieve P removal at an approximate 5:2 molar ratio (Figure 1).    

There are 17 RE elements, with atomic numbers of 57 to 71, as well as 21 (Scandium) and 39 (Yttrium). 

ClariPhosTM  is a coagulant that contains the RE elements lanthanum (La) and Cerium (Ce). La and Ce have a 

molecular weight of 138.905 and 140.116, respectively.  The RE elements have a higher molecular weight in 

comparison to traditional chemical coagulants.  The precipitate formed by ClariPhosTM  is therefore denser, 

settles out more efficiently from wastewater, and produces a sludge that is lesser in volume and more easily 

dewaterable than sludges produced by Al or Fe.   

Figure 1 - Depiction of P Removal in RE (ClariPhosTM  ) vs. Fe or Al (Conventional) Coagulants 

ClariPhosTM is a RE chloride (Cl-) solution (active ingredient of CeCl3 or LaCl3 ), that is a water-soluble coagulant  

with a strong attraction and bond to P.  Phosphorus is commonly found in wastewater in the form of phosphate 

(PO4,3- ).  ClariPhosTM  removes P from wastewater through a simple reaction that creates a precipitate.  This 

reaction can be described by the following equation: 

RE 3+ + P 0 4, 3− →REP 0 4 ·11 2 0 

Specifically, the reactions between La and Ce and phosphate can be described by the following equations 

La 3++ P 0 4 3− →LaP 0 4 ·11 2 0 

Ce 3++ P 0 4 ,3− →CeP 0 4 ·11 2 0

The precipitate that is created by these reactions is an inert solid sludge. Sludge that has accumulated through 

sedimentation of the precipitate is disposed of in a matter unique to each wastewater treatment plant that the 

coagulant is used.  ClariPhosTM achieves P removal at a lower molar dosing ratio than other traditional 

coagulants, thus accomplishing nutrient removal with less sludge generation.   
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Figure 2 - Comparison of Molar Ratios of Coagulants Versus Final Concentration P        

ClariPhosTM is a non-toxic, non-corrosive alternative coagulant to Al or Fe in wastewater treatment and can be 

easily incorporated into existing large scale treatment operations. Its compatibility with most chemical dosing 

systems (i.e. pumps, piping, tanks etc.) makes ClariPhosTM a cost effective substitution.  If a facility's current 

system is not compatible with ClariPhosTM, or if chemical dosing is not currently utilized at the facility, Bishop 

Water can design and implement a new chemical dosing system.  ClariPhosTM  can be dosed into the flow 

containing P by using a similar dosing system as other traditional coagulants such as Al or Fe. ClariPhosTM, 

similar to other coagulants, can be dosed in conventional activated sludge wastewater treatment facilities at 

different locations, such as at the primary, secondary or tertiary treatment process.  ClariPhosTM  can also be 

used in lagoon systems or in other processes, such as in trickling filters, filter presses, rotating bed contactors, 

sequencing batch reactors, and media filters. 

ClariPhosTM comes in liquid form in totes or in tanker truck loads (depending on chemical requirement and 

facility storage capacity).  Dosing of ClariPhosTM is simple and, at minimum, requires only a dosing pump and 

injection quill drawing directly from the tote.  Large-scale applications of ClariPhosTM may wish to utilize online 

P monitoring (using probes) and/or static mixers to optimize dosing and contact time.  Dosing systems can be 

more or less sophisticated depending on the facility’s objectives and client preferences/budget. 

ClariPhosTM  has a pH of 3.0 to 4.0, which is 100x less acidic than its traditional coagulant counterparts (Fe and 

Al, which have pH values ranging from 1.5 - 2.2).  The higher pH levels of ClariPhosTM reduce the corrosive impact 
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to equipment throughout wastewater treatment plants.   Additionally, pH adjustments are typically not 

required to maintain the target pH levels of the effluent water, thus eliminating the costs associated with the 

pH adjustment typically required from utilizing conventional coagulants. The ClariPhosTM  P precipitant does 

not re-solubilize, preventing struvite buildup (particularly in digesters) and costs associated with struvite 

formation. This would reduce operational cost associated with Fe handling and sampling requirements leading 

to safer and more efficient operations. 

Figure 3 – ClariPhosTM/RE100 Totes Awaiting Use in a Trial on a -25°F Day 

ClariPhosTM  has other several operational advantages over conventional coagulants that may make it a more 

suitable choice for a variety of applications. First, ClariPhosTM  has a freezing point of -40°C.  The need for heated 

storage and/or heat tracing chemical lines can be reduced or eliminated.  Also, ClariPhosTM has a faster settling 

rate of solids vs. Al or Fe based coagulants.  The faster settling rate of ClariPhosTM  is due to the high atomic 

weight of the active components, La and Ce, compared to Al.  The settled sludge produced with ClariPhosTM is 

also denser compared to conventional chemical sludge.  This reduces the likelihood of solids carryover in a 

clarifier, settling tank or lagoon system.  Furthermore, ClariPhosTM  reacts with P at a 1:1 molar ratio regardless 

of the P concentration in wastewater. Al and Fe coagulants typically react at best on a 5:2 ratio with P.  Less 

dosage will be required with ClariPhosTM  and therefore much less sludge will be produced as a result.  Sludge 

processing costs can be reduced significantly using ClariPhosTM.  Finally, once ClariPhosTM  has bonded with P 

the bond will not re-release P.  Alum often forms a much weaker bond with P which can re-release it back into 
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the water column.  For this reason it can also prevent struvite build-up which can lead to costly maintenance 

issues. 

Figure 4 - Comparison Of Precipitate Produced By ClariPhosTM  and Alum 

Benefits  of ClariPhosTM  reported by Bishop Water include: 

 Consistent compliance with  plant discharge limits for P; 

 Reduced volume of sludge produced and higher percentage of biosolids; 

 Significantly improved clarifier performance; 

 Need to run plant centrifuges significantly reduced; 

 Need to truck/haul biosolids offsite to landfill reduced due to lowered sludge production; 

 Improved plant performance overall: less foam in aeration basin, better effluent quality, more stable 

and consistent pH values, reduction or elimination of pH adjustment; 

 Increased percentage of ultraviolet transmission (UVT%) in the disinfection unit resulting in low 

pathogen levels in the final effluent; 

 Final effluent able to be potentially re-used for irrigation; 

 Does not create toxic byproducts or residuals in the effluent or the residual sludge; 

 Elimination of nuisance struvite buildup requiring cleaning/maintenance; and 

 Better overall process performance of WWTPs. 

(Bishop, 2021a & 2021b) 
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4.2 FATAL FLAW ANALYSIS 

A formal fatal flaw analysis was not submitted by Bishop Water as part of their response to this evaluation, so a 

limited fatal flaw screening was completed based upon review of the information submitted and presented in 

this report.    

No obvious fatal flaws were identified with regard to ClariPhosTM  as it works on a relatively simple inorganic 

chemical reaction, and at lower dosing than conventional coagulants for P removal.  The lower dosing offers 

users the potential benefit of achieving significant P removal while generating less sludge and subsequently 

less management and disposal of sludge.  Based on these considerations, there appears to be a realistic 

potential for users to adopt this technology.  

The technology can be fed directly into an existing liquid chemical dosing system.  If needed, a separate 

chemical dosing system can be added to an existing or new facility at relatively low cost.  Dosing systems are 

readily available. 

Waste sludge from the process requires management but less than conventional P removal technologies.  The 

technology does not generate hazardous waste or byproducts that are toxic to the environment or human 

health.    Additional information regarding the safety and toxicity of ClariPhosTM is presented in Section 4.14. 

One potential consideration for users of the technology is that while it accomplishes highly effective P removal, 

it does not remove nitrogen (N).  For this reason it would  be best suited  as an additional step in a process/ 

plant that addresses N removal by another means (if N removal is necessary) and careful consideration would 

need to be given as to the compatibility/ synergy of the multiple treatment methods with the wastewater 

chemistry and resulting impacts on nutrient removal, precipitate and sludge formation, and other factors.  

According to Bishop Water, ClariPhosTM is available and ready to be implemented at a facility at any given time. 

The timeframe required to deploy is the lead time for testing of the wastewater stream to develop a proper 

initial dosing plan, and time for procurement of the material and freight to the site.  As procurement of the 

material is one of the main controlling factors, one concern that may affect this technology is that it relies on 

RE metals that do not generally have significant sources in North America (see Section 4.13).  However, 

according to Bishop Water there have been no adverse impacts on the availability or price of ClariPhosTM as of 

this time as a result of limited sources. 

4.2.1  Barriers to Adoption 

Coagulants are commonly used in wastewater treatment systems throughout the world. There are no known 

United States specific surveys of potential users’ intentions regarding the adoption of ClariPhosTM.  One concern 

regarding widespread adoption may be the emphasis on controlling non-point sources (i.e. agricultural runoff) 

rather than traditional point-source discharges such as WWTPs.  Point-source discharges as sources of nutrients 

in the Lake Erie watershed have decreased significantly from historical levels and comprise a much smaller 

portion of the total nutrient load to Lake Erie.  While agricultural/ non-point sources have become the primary 
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focus of efforts to reduce nutrient loading, WWTPs nonetheless remain consistent and ongoing contributors of 

P and N to the watershed (LENSTG, 2008).  

ClariPhosTM can meet low discharge standards for P as either a component of the process in a new WWTP  or as 

an improvement to existing systems.  It can be  implemented during primary, secondary or tertiary treatment, 

which provides flexibility in situations where N removal is also a concern and requires a separate treatment 

process.  The technology offers improved nutrient removal to meet current and future discharge standards and 

can contribute to Ohio EPA’s mission of reducing the potential for formation of HABs.     Overall, Tetra Tech 

identified no likely regulatory barriers to adoption. 

Construction and startup of new systems is not anticipated to present a significant barrier as the technology is 

implemented using equipment that is common and is currently in a state of readiness to deploy.   

Perception among potential users is anticipated to be positive as ClariPhosTM offers effective reduction in 

nutrients at a greater overall efficiency and lower cost than some technologies and is built upon simple 

inorganic chemistry principles that improve on an existing technology (i.e. coagulation).   It may offer 

opportunities for more effective P removal from systems serving smaller, decentralized communities and can 

be dosed/scaled to meet the needs of any size system.  It can be added to an existing system as secondary or 

tertiary treatment.  There are no limiting factors with regard to its potential  application to numerous potential 

users throughout the watershed.  General public perception is also anticipated to be positive as the technology 

is consistent with the goals of improvement in the environmental health of receiving water bodies that serve as 

sources of drinking water and recreational opportunities, and thus offer an indirect economic benefit as well.  

As discussed in Section 4.14, toxicity testing indicates that it generates no residual wastes or byproducts that 

would adversely impact water quality in the region or be incompatible with U.S. Environmental Protection 

Agency (U.S. EPA) or Ohio environmental regulations.  

Given the anticipated positive perception of the technology to users, regulators and the public,  the general 

challenge of marketing the technology and matching it to the appropriate users may be the greatest barrier to 

widespread adoption at this time.  Identifying and matching community systems with the need, yet having 

sufficient financial resources for implementation will be critical. Potential users ideally suited for this 

technology include some if not all of the following criteria: 

 Regulated municipal, institutional or private entities having legal/ statutory responsibility for 

management of wastewater and compliance with discharge limits;  and with systems  where P 

concentrations > 1 mg/L  require treatment, as this is the threshold where ClariPhosTM becomes much 

more cost-effective than conventional coagulation agents;

 Communities (or developers) facing the need to include wastewater collection and treatment to 

support new development or enhance the performance of existing systems to meet current and future 

regulatory limits; and,  
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 Entities having access to sufficient capital resources (i.e. tax base, bond funding, service fees, grants and 

other resources) to support the capital investment in new or improved wastewater treatment 

techniques. 

Based on these considerations, the greatest challenge to adoption of ClariPhosTM will likely be informing 

potential users who are in need of and are financially well-positioned for the installation of new or improved 

wastewater treatment systems, aware of the potential benefits and relatively low cost of Bishop Water’s 

technology. 

4.3 REVIEW OF PREVIOUS IMPLEMENTATION OF CLARIPHOSTM   

ClariPhosTM is currently available for use in new systems or via an upgrade or addition to existing WWTPs.  

Bishop Water provided summaries of multiple previous or ongoing evaluations of ClariPhosTM operated at 

varying scales ranging from pilot to full-implementation.  Examples included studies completed in the Lake Erie 

watershed.  Tetra Tech believes these studies demonstrate the feasibility and viability of this technology for use 

in Ohio to help reduce TP in effluent from WWTPs and prevent them from entering the  Western Lake Erie Basin 

(WLEB) and therefore the Lake Erie watershed.  Full copies of the reports can be provided by Bishop Water and 

are only summarized for the purposes of the evaluation.  The following sections summarize the results of three 

past evaluations of the technology.  All information in this section, including individual case studies, was 

provided in Bishop Water’s response to Tetra Tech’s request for data (Bishop, 2021a & 2021b).  Note:  “RE100” 

and “RE300” are alternative names for the ClariPhosTM  technology, typically referring to differing dilutions of 

the agent and or industry-targeted brands.  The agents are the same in terms of chemical composition.    This 

report uses terminology provided by Bishop Water in each case study.   

4.3.1 Albion, Pennsylvania Municipal WWTP - 2014  

The Albion, Pennsylvania Municipal WWTP is a 770,000 GPD plant that discharges to a stream leading to Lake 

Erie.  The plant had difficulties in reaching the permitted levels of TP (1.0 mg/L).   

After months of dosing of either ferric chloride or polyalum chloride (PAC) prior to the secondary clarifier, the 

plant was unable to meet its permit limits.  Attempts to meet the permit by increasing the dosage rate of either 

coagulant were unsuccessful.  When higher doses of ferric chloride were attempted, buried chemical feed lines 

corroded and led to expensive repairs.  Higher doses of PAC caused Al concentrations in the final effluent to 

exceed the plant’s permit limits for Al.  Since the plant was running out of options, plant management decided 

to conduct a full-scale trial with RE100.  

The plant process is shown in the Figure 5.  RE100 was dosed into both the primary and secondary clarifiers (see 

the “RE” dosing locations) beginning October 2014.     
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Figure 5 - Albion, PA WWTP Process Diagram 

Prior to the trial, the clarifiers did a poor job of settling solids.  To improve solids removal in the primary clarifier, 

16 parts per million by volume (ppmv) of RE100 was added.  In the secondary clarifier, 100 ppmv of RE100 was 

added to improve settling and to bring the P and Al quickly into compliance.  The figure below shows how the 

secondary clarifier’s appearance improved after 48 hours of RE100 dosing. 

Figure 6 - Albion PA WWTP Secondary Clarifier – Before and After Initial 48 Hours of Dosing 

RE100 successfully reduced P within the first month to meet permit limits.  After only four days of RE100 dosing, 

the P dropped from 1.5 parts per million (ppm) of TP to below 0.5 ppm of TP.   
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PAC addition before the secondary clarifier caused the Al in the effluent to rise dramatically over that of the 

influent.  After one month of trial usage, the plant decided to switch over to RE100 exclusively at the secondary 

clarifier and has continued to do so to meet their TP and Al discharge permits.  After several months of usage, 

plant management was able to optimize the process and reduce the total RE100 dose in both clarifiers to 70 

ppmv.  Plant personnel are continuing to optimize and have reduced the dosage to even lower levels. The figure 

below summarizes the reduction in TP and Al after adding RE100.    

Figure 7 - Albion  WWTP TP and Al Reduction with RE100 

As the clarifiers’ performance improved, more biosolids were removed.  This positively impacted 

sludge volumes and sludge belt filter press/dewatering operations.  Sludge wasting, filter press cake 

solids, and polymer pump speed are shown in Table 1. By using RE100, the plant wasted 27% less 

total sludge by volume, filter press cake solids increased by 34%, and the polymer pump speed was 

reduced by 9%.  As waste sludge density increases, less water is sent to the digester and the  belt 

filter press, which leads to less polymer needed for dewatering as well as a dryer belt filter press 

cake.  Electricity usage will decline because the clarifier sludge blankets are denser, and  the sludge 

wasting pumps will run less frequently than before.

Table 1 - Albion Plant Solids Handling Results – Before and After RE100 Usage

Parameter Ferric Chloride/PAC RE100 % Change

Primary sludge wasted, gal/MG 3,070 2,500 -19%

Secondary sludge wasted, gal/MG 2,450 1,540 -37%

Total sludge wasted, gal/MG 5,510 4,040 -27%

Filter press cake solids, % solids 15.7% 21.1% 34%

Polymer pump speed 167 152 -9%
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Better coagulation also led to improvements in other plant process parameters, as shown in Table 2.  With 

RE100 usage, biological oxygen demand (BOD), ammonia, and fecal coliform removals were higher, and 

sludge landfill costs on a dollar-per-dry-solids-basis were 25% lower.  The plant also noticed that the rotating 

batch contactor (RBC) blowers were activated less frequently, which resulted in lower electricity usage. Lower 

BOD, in particular, may contribute to less growth on the RBCs, reducing the air flow needed to slough off 

excess biomass.

Table 2 - Other Benefits Observed – Albion Plant Conversion to RE100 Usage

Parameter Ferric Chloride/PAC RE100

Inlet BOD, mg/L 135.3 112.8

Outlet BOD, mg/L 11.4 4.9

BOD Reduction, % 91.6% 95.6%

Inlet Ammonia, mg/L 13.2 14.3

Outlet Ammonia, mg/L 1.4 1.0

% Ammonia Reduction 89.4% 93.0%

Fecal coliform, cfu 19.7 6.3

Disposal Cost, $/wet ton sludge $102.90 $102.90

Disposal Cost, $/dry ton solids $655 $488

Note:  cfu = colony forming units 

4.3.1.1 Summary/Conclusions 

The following key observations and conclusions  were noted from this study: 

 RE100 dramatically improved solids settling in the plant’s clarifiers, which positively impacted plant 

efficiency and performance.   

 Since October 2014, this plant has been in total compliance with its National Pollution Discharge 

Elimination System (NPDES) discharge permits.   

 The higher solids content in the belt filter press cake and reduced polymer usage has allowed the 

plant to lower its per-unit costs of dry solids disposal.  

 The plant is continuing to  optimize the process and quantify reduced electricity usage to determine 

additional cost savings. 

4.3.2 Geneseo, New York Case Study - 2017 

The Geneseo WWTP is a 1.5 MGD municipal facility in the Finger Lakes region of upstate New York.  Historically 

no coagulants were used in its process.  A seasonal TP discharge limit of 1.0 mg/L was imposed in 2018 where 

samples should be taken on a weekly basis and the monthly average should not exceed 1.0 mg/L.  The weekly 
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samples were also analyzed for total suspended solids (TSS) and BOD; each has a monthly average limit of 30 

mg/L.  

Geneseo evaluated multiple technologies for meeting the permit.  Jar tests with various Fe and alum coagulants 

were unable to reach the TP limit.  Additional capital was considered but was not optimal due to cost. The 

capital project was estimated at $1.5 million and included the addition of another clarifier.   

RE300 was tested and trialed in the fall of 2017.  After evaluating options to meet this limit, including capital 

projects and various coagulants, the facility chose RE300 (dosed prior to the primary clarifier) as the treatment 

method to meet the TP limit.  Figure 8 depicts the results of RE300 usage with regard to TP concentrations. 

Figure 8 – Geneseo WWTP: TP Concentrations Before and After Addition of RE300  

The average RE300 dose between samples is also plotted.  This data clearly shows that a moderate dose of 

RE300 (20-30 GPD or approximately 40 ppmv) into the primary clarifier reduces the TP to below the 1.0 mg/L 

limit.   Effluent TSS and BOD were also reduced. As a result, the facility was able to meet the effluent TP limit 
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and avoid an approximate $1.5 million installation of additional capital equipment.  After 5 months of dosing 

RE300, the sludge volume has only moderately increased versus the sludge volume prior to using coagulants.   

Whole effluent toxicity (WET) testing was also conducted on a regular basis during the RE300 dosing. WET 

tests were conducted in 30 day intervals. The results of each test showed no toxicity in the effluent water. 

Table 3 - Summary of Wastewater Parameters Before and After RE300 Usage

Averages
Flow

(MGD)
Inf BOD
(mg/L) 

Eff BOD
(mg/L) 

Inf TSS
(mg/L)

Eff TSS
(mg/L)

Inf TP
(mg/L)

Eff TP
(mg/L)

RE300 Dose 
(GPD) 

Without
RE300

0.998 403 25 337 15 4.57 2.81 -

With
RE300

0.632 311 11 390 8.5 5.30 0.57 23

4.3.2.1 Summary/Conclusions 

Following were key observations regarding this study: 

 With a relatively small dose of RE300 into the influent of the primary clarifier, Geneseo was able to 

reduce the effluent TP to the levels necessary to meet the new permit of 1.0 mg/L TP.  

 The added benefit of reduced TSS and BOD in the effluent was also observed while RE300 was dosed.  

 No toxicity was observed in the WET testing.  

 The sludge data collected show only a moderate increase in volume from plant operations prior to 

adopting coagulation.  

 By dosing RE300 in the primary influent, Geneseo was able to meet the new TP permit and avoid the 

installation of new capital equipment. 

4.3.3 Hartford, Wisconsin Water Pollution Control Facility 

For the last twenty years, the Wisconsin Department of Natural Resources (WDNR) has limited TP in municipal 

wastewater treatment plant effluents to 0.6 to 1.0 milligrams of P per liter (mg-P/l) as a means of preventing 

eutrophication of Wisconsin’s surface waters. Wisconsin’s watersheds flow into the Mississippi River Basin and 

Lake Michigan, and in 2010 the State accepted its share of overall nutrient reduction targets set forth under the 

Gulf Hypoxia Action Plan and the Great Lakes Restoration Initiative. 

To meet its targets, WDNR implemented numeric nutrient-related water quality standards for all of its 

watersheds. As a result, four hundred Wisconsin municipal wastewater treatment plants will receive new TP 

discharge permits between 0.5 mg/L and 0.04 mg/L in the next few years.  The majority of the affected plants 

cannot meet their new discharge permits with their current plant layouts and will need to install or upgrade 

their biological and/or chemical P removal systems. To reach a permit of 0.1 mg/L, for example, the WDNR 

estimated that plants would need to install enhanced biological P removal, rapid mix and flocculation chemical 

addition, sand filtration and enhanced biosolids handling. 
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One of the effected plants is the City of Hartford Water Pollution Control Facility (WPCF), a 3.4 MGD municipal 

wastewater treatment plant which discharges directly into the Rubicon River, a “Class A” trout stream.  Hartford 

was one of the first municipalities in Wisconsin to receive a new total P permit for a final water quality based 

effluent limit (WQBEL) of 0.075 mg-P/L.  The permit went into effect in 2017. The plant had no dedicated 

biological P removal system and relied on ferrous chloride for chemical P removal. Attempts to reach 0.075 mg-

P/L with ferrous chloride were unsuccessful.  Increasing the ferrous chloride dose to 30 - 60 ppmv only reduced 

TP to an average of 0.5 mg/L.   Even with ferrous chloride doses of 100 – 120 ppmv, P in the final effluent could 

only be reduced to 0.3 mg-P/L. 

Capital costs for installation of new nutrient removal equipment were estimated at $2.8M, with accompanying 

higher maintenance and operating costs for years to come. When plant management became aware of the 

targeted P removal efficiency of RE100, a new RE chloride coagulant, they were interested to see whether 

chemical P removal alone could achieve the 0.075 mg/L of TP permit limit. 

The Hartford WPCF plant process included screening, primary clarification, biological treatment in an oxidation 

ditch, final clarification, anthracite sand filtration and ultraviolet light disinfection.  Ferrous chloride had been 

added in the inner channel of the oxidation ditch and the same dose location was used for RE100. The RE100 

trial began in August 2014.   

Figure 9 shows RE100 dosing and TP concentrations in the final effluent during the trial to achieve 0.075 mg-

P/L.  The plant turned off the ferrous chloride for nine days prior to dosing RE100.  This approach minimized the 

chance that RE100 would remove P from iron flocs already present in the activated sludge.  Right before the 

trial, after nine days of no chemical P removal, TP in the final effluent was 2.2 mg-P/L. After 16-18 hours at a 

dose of 44 ppmv, ortho-P in the final effluent went down from 2.1 mg/L to 0.6 mg/L. After an equilibration time 

of approximately three weeks, the TP in the effluent could be maintained to an average of less than 0.075 mg/L 

with 100 ppmv of RE100. The  Hartford Water Pollution Control Facility limits for the 3.4 MGD or 12.87 million 

liters per day (MLD) were revised to P limit of 0.075 mg/L. 

Figure 9 - Hartford WPC Plant Effluent TP Concentrations. 
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4.3.3.1 Summary/ Conclusions 

The following key observations were noted: 

 Switching to ClariPhosTM / RE100 reduced TP concentrations to 0.072mg/L    

 Cold-weather testing (December - March) achieved 0.036 mg/L P in effluent and a 35% reduction in 

solids production through reduced sludge wasting.  The decrease in solids production occurred while 

the plant was achieving an even lower effluent TP than before.   

 Other advantages include better sludge settling (i.e. a lower Solids Volume Index) and a lack of odor in 

the WPCF non-potable water system.   

 Hartford included use of the existing treatment process using RE100 in their Preliminary Facilities Plan 

to the WDNR.  This option has the lowest net present value cost among all alternatives considered, 

which included ultrafiltration, disc filtration and ballasted sedimentation.   

 $2.8 M was the estimated cost for nutrient removal equipment and higher operating costs; however, 

use of RE100 resulted in no need for additional capital expenditure.  

4.4 COST EVALUATION 

According to Bishop Water, many of the key benefits of ClariPhosTM relate to the potential for significant capital 

and O&M cost savings.  ClariPhosTM offers cost-effective wastewater treatment capable of removing P to low 

levels, meeting the stringent requirements that are necessary to protect the Lake Erie watershed.  The low 

capital cost and reduced O&M requirements make it more viable and less expensive on a per-unit-treated basis 

than conventional coagulation processes associated with WWTP operations.   

All cost estimates herein are based on the information provided by Bishop Water (Bishop, 2021a & 2021b).  

Where available, Tetra Tech reviewed online sources of cost information to correlate Bishop Water’s cost 

estimates or cost comparisons.  The company’s cost data was based on its experience with actual pilot-and full-

scale implementations of the technology in the Great Lakes Region and are thus considered reliable.    

The major cost associated with the ClariPhosTM technology is the cost for the chemical itself.  The chemical 

usage/yearly chemical requirement is determined by plant flow (m3/day) and the P concentration (load) to be 

removed; this factor is in turn determined by the influent concentration and targeted effluent limit.   The total 

P load that needs to be removed will vary depending on federal, state, and municipal regulations.  The amount 

to remove is directly related to the amount of chemical usage as the molar ratio relation is 1:1 (RE coagulant to 

P).  An increase in the molar dose ratio of ClariPhosTM will affect the amount of chemical usage which in turn will 

affect costs. 

The general costs typically associated with implementation under any scale include: 

 Chemical costs; 

 Design of a dosing system (if applicable);  

 Dosing pump(s); 

 Pace-to-flow panel(s) and all associated piping/injection quills that may be needed on the site; 
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 P probes/analyzers that tie into the plant’s supervisory control and data acquisition (SCADA) system 

can also be included to further optimize dosing, but are not essential; and 

 An optional cost would be a static mixer, and this cost is dependent on the facility. 

Two cost scenarios were provided by Bishop Water.  Scenario 1 involves treatment at a scale of 1,000 m3/day 

(264,000 GPD) at a presumed influent P concentration of 2.8 mg/L.  This equates to the upper end range for a 

typical smaller community system in the Lake Erie region of Ohio serving about 800-1,000 homes and assuming 

70 – 100 GPD use per person.   Scenario 2 assumes a 5000 m3 /day or 1.3 MGD treatment operation at an influent 

P concentration of 5 mg/L.  This would be representative of  a medium  scale plant in the region for a system 

serving approximately 4,000-5,000 homes.   In both scenarios, the targeted effluent concentration was 0.5 mg/L.    

4.4.1 Cost Scenario 1 – Small System (<300,000 GPD) 

Figure 10 is a chemical usage calculator developed by Bishop Water to estimate required amounts of 

ClariPhosTM  for a given application.  The scenario below is based on assumed “typical” municipal wastewater 

project parameters of 1000 m3/day (264,000 GPD), an influent P concentration of 2.8 mg/L, and P effluent limit 

of 0.5 mg/L.  It is representative of a system serving a smaller community of <1,000 homes based on typical 

water usage rates of 300 GPD per household.  Numerous systems of such size are located throughout northern 

Ohio in the Lake Erie watershed, due to the decentralized and rural/ light industrial land use typical throughout 

the region.   

Figure 10 - Estimated ClariPhosTM usage for a 1000 m3/day/ 264,000 GPD facility 

Chemical dose rates are typically confirmed via bench testing using wastewater from the facility.  As denoted 

in Figure 10, it is estimated that approximately 12 totes/year (one full truckload) will be required for the 
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hypothetical facility to achieve a P discharge limit of 0.5 mg/L or less. The estimated cost for a 12-tote truckload 

(yearly chemical cost) would be approximately $41,996.00 USD (not including freight). 

Assuming a 30-year operational timeframe, the estimated chemical costs would be $1.26 million (M) for treating 

approximately 2.9 billion gallons (BG) of wastewater. This equates to approximately $0.43 USD/1,000 gallons 

treated.    

The cost scenario assumes that the plant already has an existing dosing system.  If there is not an existing dosing 

system that can be utilized, a system will need to be designed and built. Depending on the dosing system 

requirements, a static mixer might be needed if there is not enough downstream mixing from the point of 

injection.  A high-level estimate for a basic dosing system, including a peristaltic dosing pump, flow meter, PVC 

injection quill, junction box for pace-to-flow dosing and static mixer would be $11,800 USD.  

No special permitting costs are assumed to be required.  The addition of ClariPhosTM  will ensure that the 

effluent meets P discharge limits but does not add other regulated or toxic parameters to the waste stream. 

The only expected operational costs are those associated with running the chemical dosing system. There are 

minimal maintenance costs that should be budgeted for, such as regular maintenance checks, replacement of 

worn pump tubing (as needed), replenishing chemical supply, and maintaining tank storage conditions.  Over 

time, facility and system upgrades should be performed to maintain the efficiency and effectiveness of the 

treatment program.  The cost scenario assumes these maintenance costs would be completed as part of 

routine plant O&M activities and therefore not  included as a cost item herein.     

WWTPs that have switched to RE coagulants such as ClariPhosTM have observed significant savings in capital 

and annual operating costs. They have seen a reduction or elimination of pH adjusting chemicals, heated 

storage and pipe heat tracing, and a lower sludge production by 30 - 70%. These reductions and eliminations 

translate directly to operational cost savings. 

4.4.2 Medium to Large Plant Cost Scenario (1.3 MGD) 

Scenario 1 was estimated based on a community WWTP that treats wastewater from approximately 800-1,000 

homes (<300,000 GPD).  Scenario 2 presents a cost estimate for a larger system serving 4,000-5000 homes (About 

1.2 to 1.5 MGD).   The system flow rate is assumed to be 5,000 m3/ day (1.32 MGD).  Also in Scenario 2, a higher 

influent concentration of P is assumed to demonstrate the linear effect of the P concentration on the 1:1 molar 

dosing ratio for ClariPhosTM

For Scenario 2, it is estimated that 110 totes of ClariPhosTM will be required per year or 163,880 kilograms per 

year (kg/year).  This is due to the higher dosing required by the higher influent concentration and flow rate.   

Assuming that ClariPhosTM will be delivered in 12-tote truckloads, a minimum of 10 truckloads will be required 

per year, with an estimated chemical cost of $420,286.00 USD (not including freight). 

Assuming a 30-year operational timeframe, the estimated chemical costs would be $12.6 M for treating 

approximately 14.5 BG of wastewater.  This equates to approximately $0.87 USD/ 1,000 gallons treated. 
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As in Scenario 1, this cost scenario assumes that the plant already has an existing dosing system.  If there is not 

an existing dosing system that can be utilized, a system will need to be designed and built.   A high-level estimate 

for a basic dosing system, including a peristaltic dosing pump, flow meter, PVC injection quill, junction box for 

pace-to-flow dosing and static mixer would be $11,800 USD. Depending on the dosing system requirements, a 

static mixer might be needed if there is not enough downstream mixing from the point of injection. 

Figure 11 - Estimated ClariPhosTM  Usage for a 5,000 m3/day/ 1.32 MGD facility 

No special permitting costs are assumed to be required.  The addition of ClariPhosTM will ensure that the effluent 

meets P discharge limits but does not add other regulated or toxic parameters to the waste stream. 

O&M costs will be already included in the routine operation of the plant and are anticipated to decrease as 

sludge generation will typically decrease from processes employing conventional coagulants. For this reason, 

no additional costs for sludge management or other O&M are presented.   

It should be noted that, for large-scale applications such as this where the P load to be removed per day is 

extremely high, ClariPhos TM can be optimized by dosing post-aeration or post-existing plant processes which 

may reduce the initial concentration of P to be removed.  ClariPhosTM can also be used as a method of polishing 

by removing P from a treated effluent, allowing for a lowered chemical requirement.  It should also be noted 

that chemical costs can be lowered by purchasing the chemical in tanker trucks, which requires onsite storage. 

4.4.2.1 Cost Per Unit of Nutrient Removal 

According to Bishop Water, the estimated cost for the supply of ClariPhosTM  would be  approximately $0.36 US 

per cubic meter ($1.36 US per 1,000 gallons) of treated wastewater to reduce P from 5 mg/L to < 0.07 mg/L 

(removing about 4.93 kg/day TP). 
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Two cost scenarios were provided by Bishop Water. Scenario 1 is assumed at 1,000 m3/ 264,000 gallons per day 

at an influent P concentration of 2.8 mg/L. Scenario 2 is assumed at 5,000 m 3 / 1.3 million gallons per day at an 

influent P concentration of 5 mg/L.  In both cases, the targeted effluent concentration was 0.5 mg/L. 

Assuming normal operating parameters as indicated for Scenario 1, 2.3 kg of TP would be removed daily using 

an estimated 46 kg/day of ClariPhosTM, or about 3% of one 1,500 kg tote. The estimated cost per tote is 

approximately $3,500USD.  Based on these considerations, the estimated cost/kg of P removed for Scenario 1 

is $4,420.000/33/2.3 kg = $46.11/kg USD of P removed. This equates to approximately $20.91 USD per pound of 

P removed(Bishop, 2021a & 2021b).   

For Scenario 2, it is assumed that 22.5 kg (49.6 lbs.) per day would be removed. This equates to 18,107 lbs. 

annually, with ClariPhosTM use of 110 totes costing $420,286 USD as described in Section 4.4.2.   This results in a 

cost of $23.21 USD per pound of P removed.  

The estimated cost per unit of P removal and resulting annual cost (see Table 4) is in the same general range as 

ferric chloride and substantially less than alum.  The cost is also lower than the general overall treatment range 

reported for other typical high-efficiency P removal processes available to WWTPs, which range from 

approximately $40-$60 per lb. on average.  The relatively low cost of ClariPhos™, when considered in context of 

the minimal capital investment and reduced O&M requirements and associated costs, indicates that 

ClariPhosTM compares favorably with conventional technologies as well as other innovative processes involving  

chemical or biological treatment on a cost basis (DeCarolis et al., 2007). 

4.4.2.4 Cost Comparison to Other Coagulants 

A cost-benefit analysis is shown in Table 4 comparing ClariPhosTM  with alum and ferric chloride to treat a flow 

rate of 1000 m3. The data has been generated assuming a 5:1 molar dosage ratio for alum and ferric chloride 

and a 1:1 molar dosage ratio for ClariPhosTM (Bishop, 2021a & 2021b). 

Although the chemical cost of ClariPhosTM  exceed the cost associated with alum or ferric chloride dosing, there 

are a number of additional benefits in utilizing ClariPhosTM  that would allow for long-term cost benefits when 

using it as a supplemental method of P removal. The 1:1 molar dosage rate of ClariPhosTM  results in a significant 

decrease of chemical usage.  There is  likewise minimized sludge production via usage of ClariPhosTM over 

conventional coagulants.  

Table 5 depicts that the volume of sludge produced by alum or ferric chloride precipitation is more than, 

respectively, two and three times that of ClariPhosTM (253% and 326 % increased sludge production). As such, 

it can be anticipated that long-term sludge management costs (i.e. lagoon dredging, dewatering, and hauling 

management) will be increased proportionally when using alum or ferric chloride. 
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Table 4 - Cost Comparison of Alum, Ferric Chloride, and ClariPhosTM  Dosing

Ferric (FeCl3) Alum (Al2(SO4)3) RE300 

Flow rate (m3/day) 1000 

P load to remove (kg/day) 4.93 

Molar dosage ratio 5:2 5:2 1:1 

Projected dosage (mg/L) 221.1 374.8 98.4 

Projected dosage (ml/m3) 161 281 62.3 

Projected 1-year usage (kg) 80,686 136,786 35,908.0 

Projected 1-year usage (m3) 58.89 102.46 22.73 

Product density (kg/L) 2.90 2.67 1.58 

Cost per kg of product $1.25 $1.15 $2.24 

1-yr chemical expense $100,857 $156,902 $80,529 

Table 5 - Estimated Sludge Produced From Alum,  Ferric Chloride and ClariPhosTM  Dosing 

Ferric (FeCl3) Alum (Al 2(SO4)3) RE300 

Sludge produced per mg P removed (mg/L) 15.88 12.34 8.1 

Est. sludge produced (daily), kg/day 78.3 60.8 39.9 

Est sludge produced (yearly), kg/year 28,575 22,205 14,576 

Density of precipitate solid, kg/L 2.42 - 2.56 2.42 - 2.57 4 - 4.3 

Volume of sludge produced (yearly), m3 11.45 8.90 3.51 

4.5 SCALABILITY EVALUATION 

According to Bishop Water, there is no maximum limit with regard to the scalability of the ClariPhosTM

technology.  The technology has been deployed at full-scale in multiple facilities. The three case studies 

discussed in Section 4.3 involved flows of 770,00 GPD, 1.5 MGD, and 3.4 MGD, respectively. The systems are 

representative of  systems serving between approximately 800-11,000 homes assuming a typical usage of 300 

GPD per household. This range encompasses the typical capacity of small to medium sized communities in 

northern Ohio. The technology likely able to be scaled to support wastewater treatment needs at hundreds of 

small communities throughout the 35 northern Ohio counties contributing to the Lake Erie basin (Bishop, 2021a 

& 2021b). 

The economic benefits of ClariPhosTM are most evident when discharge limits for P are low or stringent (e.g. <1 

mg/L). This is when the efficacy of alum and ferric chloride decreases significantly, and the difference in 

chemical usage requirements between ClariPhosTM and Fe/Al is most pronounced. 
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The technology has been tested in the equivalent of “full scale” implementation mode (in small to medium 

community systems). Further installations in the WLEB  would continue to demonstrate its performance under 

realistic community settings.    

ClariPhosTM’s targeted reaction with P greatly reduces the amount of product needed to achieve the desired 

final P level in the plant effluent waste stream.  As a result, less chemical sludge is generated in the treatment 

process. ClariPhosTM has a higher pH solution versus typical coagulants used in water treatment, thereby 

reducing its corrosive impact on plant equipment and downstream environments.   ClariPhosTM also has a mild 

effect on water pH meaning that pH adjustments are not typically necessary to maintain target discharge 

alkalinity and pH levels.  Further, ClariPhosTM is a non-hazardous solution that is not expected to be harmful to 

fish or aquatic invertebrates. According to Bishop Water, it shows no acute toxicity to the environment based 

on toxicity testing to date (see Section 4.14)   These factors all contribute favorably to the potential scalability 

of this technology. 

Costs for using ClariPhosTM are nearly linearly scalable due to the 1:1 molar dosing ratio as the chemical costs 

comprise the greatest portion of the costs.  Higher flow rates, higher influent concentrations, and lower effluent 

goals will increase costs.   Assuming use in an existing plant, capital costs are relatively negligible.   

As previously discussed, according to Bishop Water, the estimated cost for the supply of ClariPhosTM would be  

approximately $0.36 USD per cubic meter ($1.36 USD per 1,000 gallons) of treated wastewater to reduce P from 

5 mg/L to < 0.07 mg/L (removing about 4.93 kg/day of TP).   The two cost scenarios evaluated herein (264,000 

GPD, influent P concentration of 2.5 mg/L, effluent goal of 0.5 mg/L) and (1.3 MGD, influent P concentration of 

5 mg/L, effluent goal of 0.5 mg/L) result in approximately $20.91 USD and 23.21 USD per pound of P removed, 

respectively(Bishop, 2021a & 2021b).  The estimated cost per pound is within the range of other technologies 

and agricultural practices reviewed by Tetra Tech, as well as published data.    

There is no permanent infrastructure that is required for ClariPhosTM  beyond a chemical dosing system and 

contact time (i.e. mixer or tank). There are no limitations to the deployment or operation of ClariPhosTM. Due to 

its low freezing temperature of -40°C (-40°F), it makes it ideal for colder climates.  ClariPhosTM  is applicable over 

a broad pH range of 4-11, however dosage issues can be experienced when outside of this range.  

ClariPhosTM is currently available and ready to be implemented at any needed scale.  The timeframe required 

to deploy is the lead time for procurement of the material and freight to the site. Currently, the United States 

(U.S.) government has imposed four rounds of tariffs on Chinese imports, but none of these have affected RE 

products at this time. Two to three weeks will be required before implementation to assess wastewater 

characteristics, optimize/confirm dosage, procure any required equipment (e.g. dosing pumps), and tie 

equipment into the plant’s existing SCADA (if applicable). 

In summary, Tetra Tech’s assessment indicates that the ClariPhosTM technology is readily scalable to 

accomplish P removal at a large number of WWTP’s throughout the Ohio Lake Erie basin.  The challenge will be 

to improve awareness of the availability of ClariPhosTM, its advantages and benefits, and work with partnering 

agencies and organizations to foster adoption of this innovative technology. Overcoming the barriers to its 
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adoption, creating partnership commitments and building momentum to support its implementation and 

informed active management, will be critical if ClariPhosTM is widely adopted and has a measurable impact on 

reducing nutrient loading in the watershed.   

4.6 INFORMATION GAP EVALUATION 

Since the ClariPhosTM technology has been evaluated at both full- and pilot scales, a great amount of data and 

information is available. Information gaps that, if addressed, could facilitate further widespread adoption of 

this technology potentially include: 

 Data collection regarding performance and cost of ClariPhosTM in a large-scale municipal WWTP serving 

a larger, centralized community. 

 Total comprehensive cost data for a WWTP employing this technology to meet P discharge limits in 

conjunction with other means to address N discharge limits.   The data should factor in cost savings due 

to the reduced sludge generation and other factors cited by Bishop Water as areas of potential cost 

savings.  

 Performance data specifically generated for a site with similar water characteristics and discharge 

limits that would be required for the WLEB. 

There is also an information gap regarding the potential market for this technology within the Lake Erie 

Watershed as it is a point-source reduction technology and emphasis has shifted to the greater nutrient load 

resulting from non-point sources.  Nonetheless, point-source discharge remains a contributing factor to the 

nutrient load in the watershed,  and therefore the technology could have impact on reducing P when matched 

with viable potential users in critical areas.  To achieve significant impacts, a marketing strategy centered on 

identifying communities with the appropriate technical needs and resources will be critical to this technology 

being deployed widely.    

4.7 FEASIBILITY FOR LARGE-SCALE TECHNOLOGY DEMONSTRATION 

A large-scale demonstration of this technology appears readily feasible and is currently in progress to assess 

the environmental (reduced P loading to Lake Erie, reduction in GHG emissions, reduced sludge production) 

and economic (chemical and/or operational cost savings, process improvements) benefits of using ClariPhosTM

at the Lakeshore West Water Pollution Control Plant (LWWPCP) in Kingsville, Ontario.   The demonstration 

parameters appear directly relatable to the conditions that would facilitate a large-scale demonstration in the 

northern Ohio Lake Erie watershed: 

 Average influent flow: 5,500 m3/day (historical average); 

 Average Influent TP: 5-6 mg/L; 

 Effluent discharge limit: 1 mg/L; 

 Effluent objective: 0.5 mg/L; 

 Average TP Effluent: 0.2 - 0.3 mg/L; 

 Current technology: Ferric Chloride, dosed post-aeration tanks; and 
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 Alternative dose point: pre-primary settling tanks. 

If a coagulation/flocculation system using conventional coagulants is in place, then ClariPhosTM can be directly 

used in substitution. The implementation time will be related to order and shipping time.  ClariPhosTM will start 

reducing P as soon as it is dosed in the waste stream. 

If a new dosing system is to be installed, approximately two months will be required for design, ordering, 

shipping and commissioning. 

ClariPhosTM can be ready to deploy as soon as the demonstration plan is finalized and approved.  A typical 

deployment requires 2-3 weeks beforehand to assess wastewater characteristics, optimize/confirm dosage, 

procure any required equipment (e.g. dosing pumps), and tie equipment into the plant’s existing SCADA (if 

applicable).  A limited full-scale deployment would be conducted in the same manner as the current Kingsville 

pilot project.  For a large/ full scale demonstration, the current coagulant will be replaced fully by ClariPhosTM

and used to treat the full plant flow for a predetermined length of time.   During this time period, performance 

metrics will be monitored and evaluated. 

Depending on the scale of the demonstration, Bishop Water also has a side stream pilot unit that can be readily 

deployed for a pilot-scale field evaluation in less than two weeks.   

Based on these considerations, a large or “full” scale technology demonstration is very feasible with 

ClariPhosTM.  The technology has already been evaluated at a scale equivalent to full scale application in the 

context of a modification / addition to a small-medium scale municipal system.   However, it has not been tested 

in northern Ohio and thus an evaluation of its capabilities to treat wastewater within the Lake Erie basin would 

provide additional confidence on its potential applicability (Bishop, 2021a & 2021b). 

4.8 FEASIBILITY FOR FULL-SCALE IMPLEMENTATION 

The information provided by Bishop Water indicates that ClariPhosTM has been fully tested and deployed at full 

scale in multiple wastewater treatment plants having wastewater with different influent TP concentrations, 

under different temperature conditions, and at different flow rates.  The system has successfully been tested at 

the scale that is within the range of the potential targeted users for this technology in Ohio.  Bishop Water 

reports that at the current stage, ClariPhosTM can be considered of National Oceanic and Atmospheric 

Administration (NOAA) Readiness Level 8, for Ps removal in different settings. ClariPhosTM  has been tested at 

over 50 wastewater treatment plants in North America.  

“Finalized system, process, product, service or tool tested, and shown to operate or function as expected within 

user's environment; user training and documentation completed; operator or user approval given” (NOAA, 2016). 

Tetra Tech concurs with Bishop Water’s assessment of the NOAA readiness level, based on the case studies and 

performance data provided. 
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4.9 PROBABILITY OF SUCCESS 

Previous studies of ClariPhosTM demonstrate that this technology will result in reducing point source discharges 

of nutrients that are contributing to the Lake Erie algal blooms.   Although point source discharges comprise a 

lesser portion of the P and N loading in the watershed than agricultural or non-point sources, discharges from 

wastewater systems still contribute significant amounts of P and N to the watershed.  Past studies of the 

technology have shown it to be effective at its intended purpose and that it offers reduced O&M costs in 

comparison with other treatment options.  With appropriate design, and matched to the appropriate users, the 

technology has a high probability of success.  Published research of the technology has included studies 

indicating successful deployment in systems ranging from approximately 770,000 to  3.4 MGD, which would 

constitute the vast majority of potential conditions encountered in the Lake Erie watershed.  

4.10 FINANCIAL VIABILITY 

Bishop Water Technologies is a small business based in Renfrew, Ontario, Canada that has been in business for 

12 years.  The company currently has a staff of 18 full or part time personnel and one office location.   According 

to Bishop Water, annual revenue is approximately $3 Million  (Bishop, 2021a).  Bishop Water provided a copy of 

a letter of good standing from its  banking relationship and has developed and implemented numerous systems 

for water and wastewater technologies.   Bishop Water is part owned by Aevitas group, a 230 employee 

company with offices in Canada and the U.S.  (Bishop, 2021a & 2021b).  Based on these considerations, and 

because ClariPhosTM does not require Bishop Water to maintain an inventory of significant amounts of 

specialized equipment or supplies, Bishop Water appears sufficiently viable to commit to and conduct a large-

scale demonstration of this technology.    

Based upon this information, Tetra Tech believes that Bishop Water has the financial viability to support long 

term implementation of this technology. 

4.11 QAPP 

Bishop Water did not provide raw data to support the technology evaluation and therefore no quality assurance 

project plan (QAPP) was provided. However, it did provide case studies with data that were subjected to third-

party validation (Bishop, 2021b). Bishop Water would prepare a project specific QAPP for a technology 

evaluation.   

4.12 DATA VALIDATION 

Information about the performance of ClariPhosTM was obtained from literature provided by Bishop Water, its 

initial proposal and its  response to Tetra Tech’s request for data, which included peer-reviewed summaries of 

multiple case studies evaluating the technology.  According to Bishop Water, the data in the case studies were 

subjected to appropriate third-party validation where applicable and are thus usable for the intended purpose 

(Bishop, 2021b).  The underlying data are therefore assumed to be of usable quality. 
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4.13 SUPPLY CHAIN 

According to Bishop Water, ClariPhosTM is available and ready to be implemented at a facility at any given time.  

The timeframe required to deploy is the lead time for procurement of the material and freight to the site.  As 

procurement of the material is one of the main controlling factors, one additional concern that may affect this 

technology is that it relies on RE metals that do not generally have significant sources in North America and are 

obtained from foreign sources, in this case primarily China.  For this reason, availability could potentially be 

impacted by supply chain disruptions due to tariffs, political instability or other factors. However, RE metals are 

important to the North American economy in several industries including clean energy, electronics, automotive 

and defense and there is significant incentive to maintain a reliable and adequate supply of RE metals for the 

North American market.  According to Bishop Water the U.S. government has imposed four rounds of tariffs on 

Chinese imports, and none of these have affected RE products and there has been no impact on the availability 

or price of ClariPhosTM due to these tariffs. 

4.14 ENVIRONMENTAL RISKS 

ClariPhosTM is not anticipated to create any risks to the environment.  It removes contaminants from wastewater 

and does not contaminate water and land.  ClariPhosTM is an environmentally friendly salt solution developed 

specifically for rapid and stable precipitation of P in municipal and industrial wastewater facilities.  This RE 

chloride solution is a high performance, water-soluble coagulant that has a very strong attraction to P. 

ClariPhosTM‘s targeted reaction with P greatly reduces the amount of product needed to achieve the desired 

final P level in the plant effluent waste stream. As a result, less chemical sludge is generated in the treatment 

process.   In a typical wastewater plant, sludge management requires frequent removal and accounts for up to 

30-60 % of operating costs.   One of the key elements of ClariPhosTM  is the reduced sludge generation compared 

to ferric chloride or alum-based coagulants, which benefits both the user (in terms of O&M) and the 

environment.  Case studies provided by Bishop Water indicated that the biosolids do not significantly increase 

RE metal concentrations in soils when applied to agricultural use  and are not bioavailable for uptake in crops 

tested (Bishop, 2021b).   

ClariPhosTM has a higher solution pH versus typical coagulants used in water treatment, thereby reducing its 

corrosive impact on plant equipment and downstream environments.  ClariPhosTM also has a mild effect on 

water pH meaning that pH adjustments are not typically necessary to maintain target discharge alkalinity and 

pH levels. 

ClariPhosTM is a non-hazardous solution that is not expected to be harmful to fish or aquatic invertebrates. It 

shows no acute toxicity to the environment.  Every facility in the U.S. that uses the RE technology has passed 

the effluent compliance under the WET Testing. Under the WET test, the concentration that will kill 50% of the 

organisms is known as the LC50. The LC50 of RE for Ceriodaphnia species is similar to that of alum coagulants, 

which indicates that the RE elements have a similar toxicity level to alum (for Ceriodaphnia species). 

Additionally, the LC50 of RE of fathead minnow (Pimephales promelas) is significantly higher than the LC50 for 
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alum, indicating that RE is less toxic to fathead minnow than alum, the latter which is a widespread/commonly 

used coagulant for P removal in WWTPs. 

The typical concentration of RE technology in wastewater (after dosing) is approximately 12 mg REPO4/L, which 

is lower than the approximate safe limit of 14 mg REPO4/L in drinking water. The treated water is then further 

processed, and the solids and liquids are separated. Therefore, the RE solids that have precipitated would be 

removed from the water, which indicates that the concentration of REPO4 in the effluent water would be well 

below 12 mg REPO4/L. 

Lanthanum phosphate, which is converted in the human body from lanthanum carbonate, has a very low 

toxicity in humans and animals, and there is no indication that it is genotoxic.  Additionally, it has been 

determined that cerium chloride (CeCl3), the major component of RE technology, rapidly forms cerium 

phosphate in the biological system, and is not genotoxic. Although there are no known toxicity studies of cerium 

phosphate, given the similarities between lanthanum phosphate and cerium phosphate, it is anticipated that 

cerium phosphate would not have different toxicity, and could be considered non-toxic to humans at the low 

concentrations encountered in water treated with RE technology.  (Bishop, 2021b). 

4.14.1 Health & Safety 

ClariPhosTM can pose minor risks to human health when directly handled, so proper personal protective 

equipment (PPE) is required when handling it for eye and skin protection as reported in the chemical’s safety 

data sheet (SDS), which was provided by Bishop Water.  However, the risks are comparable to or lower than 

other chemicals typically handled in WWTP operations.  Protective chemical gloves and goggles should be worn 

when loading, unloading, or handling ClariPhos.TM  Upon skin or eye contact, flush the affected area with water 

to avoid irritation.    

4.15 COMMUNITY PERCEPTION & DISPROPORTIONATE IMPACT 

Community perception of this technology is anticipated to be favorable as it may provide a cost-effective option 

for meeting increasingly stringent discharge limits for phosphorous in the watershed.  ClariPhosTM can meet low 

discharge standards for P in effluent from WWTPs at virtually any scale required including small to medium 

sized plants, of which hundreds are located in northern Ohio.   It  offers reduced maintenance and associated 

cost benefits when compared to conventional technologies for TP removal.  Based on these considerations, 

perception of ClariPhosTM among regulating agencies and the public is anticipated to be positive as the 

technology offers improved nutrient removal to meet current and future discharge standards and can 

contribute to Ohio EPA’s mission of reducing the potential for formation of HABs.    

Perception among potential WWTP operators is anticipated to be positive as it involves minimal capital/ 

infrastructure investment to adopt.  It is built upon a simple, inorganic chemical reaction.  General public 

perception is also anticipated to be positive as the technology is consistent with the goals of improvement in 

the environmental health of receiving water bodies that serve as sources of drinking water and recreational 

opportunities, and thus offer an indirect economic benefit as well.   
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Impact of use of this technology will essentially be beneficial in all aspects.   Environmental health of the region 

will be improved using a technology that will help limit wastewater treatment rates while complying with U.S. 

EPA requirements.   For these reasons, no adverse/ disproportionate impacts were identified.

4.15  WASTE/BY-PRODUCT MANAGEMENT REQUIREMENTS 

ClariPhosTM generates no wastes specific to the technology beyond the sludges typically associated with WWTP 

operations resulting from precipitation of P by conventional means.  The sludge may have an increased P 

content due to the bonds that ClariPhosTM forms with P to form precipitates as its primary function.  However, 

the process generates less sludge than conventional coagulants due to the lower molar dosing requirements.  

Bishop Water also provided a case study indicating that land application of residual biosolids in an agricultural 

setting produced soil with P availability between P fertilizer and ferric biosolids as measured by the change in 

soil test P.  The study also indicated that the application of RE biosolids is not expected to add foreign metals 

to the soil. Furthermore, the lack of significantly higher RE concentrations in the plant material is an indication 

that the REs are not bioavailable.  Thus, the application of RE biosolids at normal rates is not expected to 

increase the content of REs found in corn beyond what is naturally present.  (Bishop, 2021b).   

5.0 LIST OF REMAINING DATA GAPS 

As explained in Section 4.6, the primary information gaps relating to ClariPhosTM are:  

 Total comprehensive cost data for a WWTP employing this technology to meet P discharge limits in 

conjunction with other means to address N discharge limits.   The data should factor in cost savings due 

to the reduced sludge generation and other factors cited by Bishop Water as areas of potential cost 

savings.   

 Data regarding performance and cost in a large-scale municipal WWTP serving a larger, centralized 

community.   

 Performance data specifically generated for a site with similar water characteristics and discharge 

limits that would be required for the WLEB. 

Additional information is needed regarding the potential market for this technology; specifically identifying 

communities in the watershed of the sufficient scale, needs, and resources to adopt this technology. To achieve 

significant impacts, a marketing strategy centered on identifying communities with the appropriate technical 

needs and resources will be critical to this technology being deployed widely.  
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6.0 FINDINGS AND OPINIONS 

Based on our review of the available information, Tetra Tech has reached the following conclusions regarding 

ClariPhosTM : 

 Agreement that the technology is effective at reducing point-source discharge of TP from WWTPs and 

its performance is well-documented; 

 Additional research is needed regarding technical and cost considerations when operating the 

technology in a plant where TN concentrations are also a concern.   This could be a goal of a pilot project 

funded by H2Ohio;  

 ClariPhosTM is a cost effective technology when compared to other technologies available to small 

community systems to treat point-source nutrient discharges.   The cost per pound of P removed and 

cost per 1,000 gallons of wastewater treated are lower than or comparable to other available 

technologies, with the added potential cost savings of reduced O&M and sludge management; and 

 ClariPhosTM has strong potential for scalability from small to large, centralized plants throughout the 

Lake Erie watershed, however additional research and studies within Ohio are needed. 
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