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 2017 Award Nomination Title of Innovation: PhosZero Scale & Corrosion Inhibitor
 Nominee(s) U.S. Water Category: (select one below) Coatings and Linings Instrumentation Cathodic Protection Testing Materials Design Integrity Assessment Chemical Treatment Other—fill in
 Dates of Innovation Development: January 2012 – December 2013. Product development and field trials occurred in 2014.
 Web site: www.uswaterservices.com
 Summary Description: PhosZero™ cooling water treatment products provide maximum scale and corrosion protection without
 the use of phosphorus, eliminating phosphorus discharge to the environment and enhancing system
 sustainability.

Page 2
                        

6
 Full Description:
 (Please provide complete answers to the questions below. Graphs, charts, and photos can be
 inserted to support the answers.)
 1. What is the innovation?
 The PhosZero family of cooling water treatment products are designed to provide scale and
 corrosion control results similar to “traditional” phosphorus containing chemistries, but without
 the discharge or aquatic toxicity concerns of these older technologies. This lowers overall
 treatment costs, eases discharge issues, and can reduce permit concerns over hazardous
 material storage for facilities.
 2. How does the innovation work?
 PhosZero’s proprietary chemistry uses less sulfuric acid for pH control when compared to
 zinc/phosphate or stabilized phosphate treatment programs for corrosion control. PhosZero
 contains no molybdate, zinc, chromate or borate. The latest generation of PhosZero contains E-
 FeX™ technology (Environmentally Friendly Iron (Fe) Control), a proprietary chemistry
 developed by U.S. Water. E-FeX technology is a synergistic blend of ingredients that replace the
 most common uses of phosphorus in cooling water technology.
 Corrosion control is promoted by the formation of an adherent iron oxide passivation layer on
 carbon steel surfaces. This layer is different from the other corrosion technologies (zinc,
 phosphate, carbonate) in that the protective layer is so thin that it does not reduce heat
 transfer efficiency.
 Generation 1 PhosZero was developed for soft water. Generation 2, PhosZero with E-FeX
 technology, works in soft water to moderately hard water.
 3. Describe the corrosion problem or technological gap that sparked the development of the
 innovation? How does the innovation improve upon existing methods/technologies to
 address this corrosion problem or provide a new solution to bridge the technology gap?
 Phosphorus is a common constituent of agricultural, municipal and industrial wastes. The
 discharge of phosphorus containing materials to the environment is increasing the
 concentration in streams, rivers, lakes and ocean estuaries. Excess phosphorus in water can
 lead to algae blooms, a reduction in dissolved oxygen (eutrophication) and eventually to large
 scale fish kill. This issue has become acute in certain parts of the country, including the Great
 Lakes Basin, the Chesapeake Bay, the Gulf of Mexico and the Florida Everglades, among others.
 Several states are passing legislation to severely restrict phosphorus discharge from point
 sources, including industrial plants and municipal treatment facilities (POTW). The actual
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7
 discharge limit can vary within a state, based on the classification of the specific stream or
 water body that is receiving the discharge.
 Some competitive “phosphate” free products still contain organic phosphonates like PBTC,
 HEDP and HPA, which are effective scale and corrosion inhibitors, but are not phosphorus free.
 Others are using all polymer programs run at an alkaline pH. These polymers can be effective
 scale inhibitors, but provide no corrosion protection resulting in either high corrosion rates or
 high amounts of scale on the heat exchangers.
 4. Has the innovation been tested in the laboratory or in the field? If so, please describe any
 tests or field demonstrations and the results that support the capability and feasibility of the
 innovation.
 Please see the attached case studies for PhosZero performance results:
 Non-Phosphorus Cooling Tower Treatment Provides Advanced Corrosion Protection
 New State Water Discharge Permit Limitations Impact St. John’s University Central Plant
 Operations; U.S. Water’s Comprehensive Water Treatment Program Meets New Permit
 Limitations
 5. How can the innovation be incorporated into existing corrosion prevention and control
 activities and how does it benefit the industry/industries it serves (i.e., does it provide a cost
 and/or time savings; improve an inspection, testing, or data collection process; help to
 extend the service life of assets or corrosion-control systems, etc.)?
 PhosZero’s alternative chemistry helps with customer discharge permits and can eliminate
 costs associated with phosphorus removal from the waste stream. PhosZero’s favorable aquatic
 toxicity profile helps our customers reduce their environmental footprint, and improve the
 plant’s results during Whole Effluent Toxicity (WET) testing. PhosZero also reduces the need for
 acid use and storage on-site, which can help with hazardous material reporting, insurance costs
 and handling mistakes.
 The use of the PhosZero results in slightly higher costs compared to traditional cooling water
 treatment chemistries. However, overall operational costs will be reduced due to lower acid
 use, lower biocide use, longer equipment life and lower costs due to phosphorus discharge,
 such as removal technologies or phosphorus credit penalties.
 6. Is the innovation commercially available? If yes, how long has it been utilized? If not, what
 is the next step in making the innovation commercially available? What are the challenges, if
 any, that may affect further development or use of this innovation and how could they be
 overcome?
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 PhosZero was launched for commercial use in February, 2015. We have several commercial
 versions available tailored to the various requirements of our customers. We continue to
 develop more, as our customers present us with new situations and conditions. One of the
 biggest challenges is adapting the technology for different applications- systems with hard
 water/ soft water, systems with copper/galvanized/aluminum, systems with recycle/ZLD
 processes, etc. Another challenge is the inherently higher cost of the technology, which is
 discussed in our response to Question 5.
 7. Are there any patents related to this work? If yes, please provide the patent title, number,
 and inventor.
 The method of treatment (the process of using PhosZero) is patented. Patent Title: Corrosion
 and Inhibiting Methods, Patent No.: US 9,290,850 B2, Inventors: Donovan L. Erickson, Roy A.
 Johnson, Matthew Ryan LaBrosse, Paul R. Young.
 The PhosZero product is currently patent-pending.
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For example, the Wisconsin State Department of Natural Resources (DNR) made the determination to reduce allowable phosphorus limits to 0.075 parts per million, or 75 ppb (parts per billion) and as low as 0.04 ppm as P for facilities who discharge to more stressed waterways. When a Wisconsin ethanol producer using traditional phosphorus based cooling water treatment attempted to renew their NPDES discharge permit, they were informed that they would be required to meet the new 0.075 ppm phosphorus limit.
 The use of phosphorus bearing compounds in industrial cooling and boiler water treatment programs has been common place since it replaced chromate in the early 70’s. Typical alkaline all –organic cooling water programs can have phosphorus levels from 0.3-2.5 ppm as P while stabilized phosphate programs can have phosphorus levels as high as 6.0-7.0 ppm. With the tightening restrictions now surrounding phosphorus treatments, other corrosion inhibitor options were not a viable recourse for this Wisconsin ethanol producer as most of the alternative programs available are primarily metal based utilizing metals such as Zinc (Zn) or
 Molybdenum (Mo), which are also being closely regulated in terms of acceptable discharge levels. Without an effective corrosion and deposit (scale) control program in place, the plant’s cooling system could be compromised in a relatively short period of time. The plant could experience significantly higher operating costs as well as product loss due to overheating in the fermentation and distillation areas as a consequence of reduced heat transfer efficiency from scale deposits forming on the heat exchanger tubes. With few options available to them, the ethanol plant turned to U.S. Water for help.
 In anticipation of the tightening restrictions on P and many of the metal bearing compounds currently used in industrial cooling treatment, U.S. Water recently developed a “green” corrosion and scale inhibition technology branded E-FeX™ Technology. This program contains no phosphorus while providing corrosion and scale control performance at least equivalent to traditional cooling water treatment. Corrosion protection is achieved through the development of protective iron oxide layer.
 (rev 5/2015)
 CASE STUDY
 Non-Phosphorus Cooling Tower Treatment, PhosZero™, Provides Advanced Corrosion Protection, 2015Phosphorus has long been recognized as the controlling factor in plant and algae growth for many lakes and streams. A minor increase in phosphorous can fuel substantial increases in both aquatic plant and algae growth which can have severe impacts on a community. Phosphorous can originate from municipal and industrial facilities that discharge water as well as runoff from agricultural areas that makes its way into local water sources. Restrictive phosphorus discharge limits are being enacted or proposed in many geographies of the U.S. where the receiving water streams are particularly sensitive to changes in phosphorus levels.
 PhosZero’s low aquatic toxicity profile and use of non-phosphorus bearing compounds allowed plant to be compliant with discharge restrictions.
 Plant received better corrosion protection with PhosZero™ than its existing program was able to provide, even after 51 days of exposure.
 Cooling system, which had significant scale potential, showed no indication of scale formation while utilizing PhosZero™
 SYSTEM ACHIEVEMENTS
 (continued on back)
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When presented with this new technology, the plant agreed to allow U.S. Water to trial this new product at their facility. The plant employs induced draft counter flow cooling towers, a four cell distillation tower and three cell fermentation tower. The fermentation tower, comprised of mild steel, copper and 304 stainless steel metallurgies, ran for six months from May-October at an estimated 18,000 GPM recirculation rate. The distillation tower ran year round at an estimated 12,600 GPM recirculation rate and was comprised of mild steel and 304 stainless steel.
 U.S. Water’s PhosZero™ program was implemented at the plant. In order to ensure the new technology would protect the cooling system from corrosion better than the existing technology, corrosion rates were carefully monitored using corrators (see Figure 1) and corrosion coupons.
 Additionally, an online monitoring solution, U.S. Water Reports™, was installed in order to verify performance and track the systems progress 24/7.
 Results of the non-phosphorus bearing E-FeX™ Technology were excellent (see Figure 2, Figure 3, and Table 1 below).
 Even after 51 days exposure, the mild steel showed only 0.702 MPY corrosion while the copper showed only 0.434 MPY corrosion with no azole feed (see Figure 4).
 Analysis of the water chemistry during the trial, as well as heat exchanger performance monitoring, showed no indication of scale formation, even though the average LSI of the cooling water during the trial was 2.5 (significant scale potential).
 Not only was the plant able to address their original goal of meeting effluent phosphorus discharge limits, but use of U.S. Water’s PhosZero™ with E-FeX™ Technology, provided better corrosion protection than the plant had experienced with their existing, conventional program.
 Non-Phosphorus Cooling Tower Treatment, PhosZero™, Provides Advanced Corrosion Protection, 2015CASE STUDY
 • Automation/Controllers• Delivery Packages• Chlorine Dioxide • Ozone Generators
 • Analytical Laboratory• TowerAssurance™• U.S. Water Reports™• LEED Certification
 • Chemical Feed Systems• Scale & Corrosion Control• Microbiological Control• Closed Loop Protection
 U.S. Water12270 43rd Street NESt. Michael, MN 55376www.uswaterservices.com
 Figure 1: Graph of Corrator Corrosion Rate from Distillation Tower
 Table 1: Mild Steel & Copper Results
 Figure 2: Alkaline Phosphonate / Phosphate Treatment
 Top photo depicts coupon before cleaning and bottom is after cleaning using alkaline phos-
 phonate/phosphate treatment program.
 Figure 3:PhosZeroTM with E-FeXTM
 Top photo depicts coupon before cleaning and bottom is after cleaning using PhosZero™
 treatment program.
 Figure 4: Mild Steel & Copper Results after 51 Days of
 Exposure to U.S. Water PhosZero™
 Mild steel coupons below at 51 days exposure to PhosZero™ with only 0.702 MPY corrosion.
 Copper coupons below at 51 days exposure to PhosZero™ with only 0.434 MPY corrosion.
 ProductPBTC, HEDP, PolymerPhosZero™
 SystemFermFerm
 MS3.220.70
 Cu0.350.43
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The new permit limitations required significant reduction in the amount of phosphorus discharged to the lake. Like most facilities, Saint John’s University, located in Collegeville, MN, was using a traditional phosphorous based program for corrosion and scale protection. As receiving water streams become more susceptible to algae and aquatic plant growth, phosphorus discharge limits have been scrutinized and, in some counties, drastically lowered to control this issue.
 The campus wastewater treatment plant did not have sufficient capacity to accept the cooling tower’s blowdown. After several months, the current water treatment supplier had no success in developing a cooling chemistry program which met the new environmental discharge restrictions. For this reason, the university staff reached out to other companies for assistance, contacting U.S. Water in the process.
 U.S. Water proposed the use of its unique PhosZero™ Technology which contains no phosphorus while still providing excellent corrosion and scale protection equivalent to, or better than, traditional cooling water treatment chemistry.
 The new permit limitations also affected the use of oxidizing biocides. Since the blowdown was being directed to a lake, there was concern that any biocide residual would affect aquatic life in the lake. Chloride discharge was also
 a concern, which restricted the use of sodium hypochlorite or other chlorine based biocides. U.S. Water proposed the use of a biocide that blended hydrogen peroxide and peroxyacetic acid.
 A program was designed to control biocide feed in a way that provided excellent microbiological control. Importantly for the discharge concerns, this blended biocide degrades quickly reducing the environmental impact. To further ensure compliance, prior to the final discharge, a small amount of sodium bisulfite is added to the cooling tower blowdown to complete the neutralization of the biocide. As a final step in the new water treatment program, a U.S. Water automation and control system was installed to provide real time information on the operation of the cooling towers, which provided the benefit of minimizing cooling tower makeup and chemical costs.
 U.S. Water’s engineering staff met with the state regulatory agency and presented the necessary toxicity data and detailed operational plan necessary to obtain agency approval. Permit approval for the proposed program was finalized within 3 weeks. The program was implemented in late 2013 and results of sampling during 2014 confirmed compliance with the state permit while providing improved scale and corrosion control when compared to the traditional treatment approach that had been used previously.
 CASE STUDY
 New State Water Discharge Permit Limitations Impact Saint John’s University Central Plant Operations, U.S. Water’s Comprehensive Water Treatment Program Meets New Permit Limitations
 In compliance with their existing water discharge permit, Saint John’s University’s central plant discharged their boiler streams to an on campus wastewater treatment plant with the cooling tower blowdown discharged to a nearby lake. However, when the plant underwent the renewal of their water discharge permit, they faced new, tighter, discharge limits.
 U.S. Water’s engineering team developed a comprehensive water treatment program that meets the new state agency requirements for discharge of phosphorus to a surface water.
 U.S. Water’s water treatment program results in a phosphorus concentration in the discharge of less than 1mg/1 and no residual biocide discharge to the surface water from the cooling tower blow down.
 U.S. Water’s water treatment program included automation of the cooling tower blow down system resulting in a reduction of both makeup water and treatment chemical cost.
 PROGRAM ACCOMPLISHMENTS
 © 2015U.S. Water 12270 43rd Street NE, St. Michael, MN 55376(P) 1-866-663-7633 (F) 763-553-0613 www.uswaterservices.com
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