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This is the second in a series of articles and case studies examining the emergence of sustainably-driven 

innovation within the wastewater treatment functions of the food and beverage industry as sustainability and 

production issues intersect and influence how companies manage their wastewater. 

In the first article, I highlighted the trend among leading companies such as Coca-Cola and Tyson Foods as 
they create new leadership roles and place a renewed emphasis on innovation and the adoption of best 

practices, technologies and continuous improvement in wastewater treatment. I identified the strategic and 
operational drivers motivating these organizations to overcome the inherent obstacles to innovation within 

this regulated, compliance function and how the efforts of sustainability professionals to reduce greenhouse 
gas emissions, energy- and water-use are finding common purpose with plant managers who seek more 
effective treatment, increased capacity and solutions to other operational issues that threaten business 
continuity and the production capacity of the core business.  

In this second article, I set aside the strategic imperative of business sustainability and dive deeper into some 

of the operational benefits of this renewed emphasis on innovation, continuous improvement and the 
adoption of best practices and treatment technologies. Specifically, I review two case studies in the poultry 
industry with very different sets of circumstances and examine how wastewater treatment professionals are 
using Supersaturated Dissolved Oxygen (SDOX®) technology to overcome their operational challenges while 

reducing energy use, greenhouse gas emissions and brand-risk.

A renewed emphasis 
on innovation.
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A  T  A L E  O F  T W O  F  A  C I L I T I E S
Developed at the University of Arkansas and Texas A M, SDOX® technology has crossed over from its initial 
applications in municipal wastewater treatment facilities throughout North America to applications in the 
food and beverage industry. In particular, the technology has established a growing beach-head among poultry 
and other animal processing plants in the central US. 

At its core, the technology leverages a patented process applicable to any effort to dissolve a gas into a liquid. 
The process builds upon Henry’s Law 1, using a pressurized headspace within a vessel to create a large, 
gas-liquid interface that can absorb more gas compared to a low or an unpressurized vessel. See figure 1 PO�
QBHF��.  This enables the efficient creation of extremely stable, supersaturated solutions. 

The technology’s primary application in wastewater treatment at poultry and other animal processing plants 
is the oxygenation of the wastewater influent to address the extremely low levels of dissolved oxygen and the 
high nitrogen and organic loads associated with the blood, fat and other animal remains in the waste-stream. 
The case studies presented herein highlight this application in two poultry processing plants with very 
different business contexts and treatment issues.

The first case study, Simmons Foods, Inc.’s Southwest City, Missouri plant, has received accolades for the 
treatment facility’s environmental performance. The award-winning plant achieves extremely stringent 
permitting requirements prior to discharging into local surface waters, requirements far beyond those of most 
municipal facilities. Regardless of these achievements, the facility’s primary issue is one of reduced treatment 
capacity during periods of cold weather, potentially constraining the processing plant’s production during 
winter months and increasing the potential risk to business continuity and the brand. 

The second case study highlights the turn-around story of Mountaire Farm’s treatment plant in Millsboro, 
Delaware – a facility that suffered from deferred maintenance and has been consistently challenged to achieve 
its permit requirements before discharging to land. The wastewater treatment facility, under a consent decree 
from the regulatory authority, was directed to implement measures to achieve the treatment requirements of 
its discharge permit or shut-down production until a new treatment facility capable of processing the 
waste-stream is built.

While these are two very different circumstances, three core attributes of the SDOX® technology identified it 
as a potential solution for these facilities.

1. Retrofit Capability
Situated outside of the treatment basin, lagoon or bio-reactor, each skid-mounted or fully
containerized SDOX® system is mobile and may be retrofitted and scaled as needed with additional
containers, all without draining the basin or otherwise interrupting the operation of the wastewater
treatment facility. This is achieved by pulling a stream of wastewater from the bulk flow, delivering it
to an SDOX® system where it is supersaturated with oxygen in a pressurized vessel, and then
returned via an injection assembly where the solution is rapidly mixed with the bulk, liquid flow.

2

1   enry s Law is a gas law which states that the amount of gas dissolved in a liRuid is proportional to its partial pressure 

in the gas phase. That is, ... water taLes up, of gas condensed by one, two, or more additional atmospheres, a Ruantity 

which, ordinarily compressed, would be eRual to twice, thrice, etc. the volume absorbed under the common pressure of 

the atmosphere.
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peratio al e ti e e
SDOX® technology can dissolve up to 40-times the oxygen with 1,000-times the surface area of 
competing methods and technologies, such as mechanical, surface aerators. This makes SDOX® 
technology far more effective at providing the dissolved oxygen required by the micro-organisms, 
addressing bio-chemical oxygen demand2 and enabling the initial process of nitrification.3

 Advanced Technology Control and Automation
The SDOX® systems are controlled through an advanced, programable logic controller (PLC), allowing 
both the pressure and headspace in the vessel to be adjusted for maximum control of oxygen delivery, 
all of which is automated using sensors to manage the dissolution and treatment processes. This 
ensures an optimum supply of oxygen for aerobic processes regardless of the variability in the organic 
load, and precision control of the transitions between the aerobic, anoxic and anaerobic states that is 
required to achieve the second stage of nitrification and the removal of phosphorus.4

Figure 1
The extremely effective 
side-stream dissolution method 
enables the skid-mounted or 
containerized SDOX® system to 
be 

treatment basin or 

2   Biochemical oxygen demand (BOD) – also called biological oxygen demand – is the amount of dissolved oxygen needed 

    by aerobic, biological organisms to break down organic material present in a given water sample at certain temperature 
    over a specific time.
3   

See “The Biological Treatment of Wastewater: An Executive Overview.” 
4   
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T H E  B I O L O G I C A L  T R E A T M E N T  O F  W A S T E W A T E R

A N  E X E C U T I V E  O V E R V I E W

Treating the wastewater from poultry and other animal processing plants is a complex, multi-stage process. 
The greatest wastewater treatment challenges are usually the very high organic and nutrient loading 
associated with the blood, fat and other animal waste in the influent.  Additionally, it is difficult for operators 
to adapt wastewater treatment processes quickly enough in response to the variable and challenging 
demands of production changes, weather and other variables, such as influent laden with cleaning products 
from the processing plant.

Proven time and again, biological processes are the most cost-effective way to address the high biological 
oxygen demand, nitrogen, phosphorous and other contaminants in the waste stream.  Often referred to as 
“activated sludge” systems, these specialized and precisely controlled biological ecosystems are designed to 
grow and support specific populations of bacteria that ultimately do the work of converting the organics and 
nutrients into harmless by-products for disposal, recycling or release into the environment.  

For example, specialized bacteria are used to consume the organic waste and convert ammonia (NH3) from 
the blood and other waste products into harmless nitrogen gas (N2) that dissipates into the atmosphere. The 
high concentration of organic waste in combination with the aerobic bacteria’s ongoing need for oxygen as it 
consumes the waste exasperates the already low levels of dissolved oxygen in the waste-stream. This is 
referred to as wastewater with a high bio-chemical oxygen demand (BOD).  In this case, the treatment 
objective is to remove the nitrogen load and address the BOD of the waste-stream, resulting in clean, 
oxygenated water that may be recycled or released to the environment. 

In general, biological treatment systems make use of three main biological activity zones, used in accordance 
with the make-up of the influent and the effluent permit requirements.  Like humans, most of the 
microorganisms used to treat these wastes require food, water and oxygen for survival.  With this basic 
understanding, conditions within the treatment process are controlled to provide the right populations, in 
the right quantities, with the right food and oxygen levels in solution necessary to optimize performance and 
achieve the desired water quality.  The three biological activity zones commonly deployed are aerobic, 
anoxic, and anaerobic. (See Figure 3   .)

Treatment is achieved by managing the appropriate amount of oxygen in the wastewater in accordance with 
the biological needs of the various types of bacteria and their associated roles during the different stages of 
treatment. 

Aerobic Zone
Within the treatment basin’s aerobic zone, the wastewater is oxygenated to address BOD and 
promote nitrification, the aerobic microbial process by which various types of specialized
bacteria oxidize ammonia (NH3) or ammonium to nitrite (NO2) and then into nitrate (NO3).

Anoxic Zone
Within the anoxic zone, the wastewater is manipulated into an oxygen-poor state where, in the 
absence of free oxygen, bacteria break down the nitrate to access and consume the oxygen that was 
bonded to the nitrogen, releasing harmless nitrogen gas (N2) – a process known as denitrification.
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3. Anaerobic Zone
Within the anaerobic zone of the treatment basin, the wastewater is managed to a point of significant
oxygen deficiency. In the absence of oxygen, specialized, phosphate-accumulating bacteria that use
phosphorus as an energy storage system and are normally 1.5-to-2% phosphorus by weight, are
forced to change their metabolic process, releasing their stored phosphorus. These same bacteria are
then exposed to the oxygen-rich aerobic zone where their biological response to the oxygenated
medium is to uptake three-to-four times the phosphorus than that which they had previously
released. Known as “luxury uptake”, this process creates phosphorus-rich organisms that are now
5-to-7% phosphorus by weight. These phosphorus-rich bacteria are then removed from the treatment
system as waste sludge.

Figure 2

Insufficient oxygen during the aerobic phase, or too much oxygen during the anoxic or anerobic phases 
limits the efficacy of the bacteria and the treatment capacity of the facility. Thus, effective and efficient 
treatment is dependent upon the efficacy and efficiency at which one is able to dissolve oxygen into water, 
the stability of the super-oxygenated solution, and degree of precision with which one is able to control the 
transitions from one activity zone to the next.
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Simmons Foods is a vertically integrated supplier of poultry, pet food and feed ingredient solutions based in 
Siloam Springs, Arkansas. Founded in 1949, the family-led business remains privately owned and employs 
approximately 7,000 people in facilities serving all 50 states and more than 40 countries around the world. 
The Company is focused on meeting the specialized needs of leading food brands and building long-term 
relationships with their customers, employees and communities.
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Other than consuming approximately twice the energy than what is required by SDOX® dissolution 
technology, the mechanical aeration equipment has generally been effective. The facility’s wastewater 
department has achieved 14 years of operation without a notice of a violation – a warning issued by regulators 

when wastewater does not meet recommended specifications – and has won awards for its environmental 
performance. Most recently, the facility’s wastewater department was recognized with the 2015 Clean Water 
Award by the U.S. Poultry and Egg Association.

“We’ve really pushed innovation, even adapting technologies from other industries to improve what we’re 

doing here,” notes Andy Brashear, the Environmental Manager for Simmons Foods. “We want to be good 
neighbors.”

Complication
Despite this history of performance, the plant operators had identified opportunities for improvement. 
Specifically, the treatment capacity of the wastewater facility was eroded during periods of cold weather, 
potentially constraining the production of the animal processing plant. 

A wastewater treatment plant is a highly managed, biological system. Its function, and thus capacity, is a 

product of the size and health of the desired populations of bacteria within that system, collectively referred 

to as the wastewater treatment system’s biomass. In this facility, low wastewater temperatures during the 

winter produced a hostile environment for the beneficial, nitrifying organisms, reducing the biological 
function and capacity of the treatment plant. In practice, this is a common, unintended consequence of using 
mechanical surface aerators during cold weather. In an effort to increase the dissolved oxygen in solution by 
mechanically splashing wastewater into the air, the aerators increase the solution’s exposure to the cold and 

reduce the temperature of the treatment lagoon and its biomass. Thus, the use of mechanical, surface aerators 

in cold weather was inhibiting nitrification, which reduced the treatment capacity of the facility.

While reserve treatment capacity was such that this may not have been a significant issue in the past, 
long-term growth in demand and subsequent investments in production have pushed the capacity of many of 
the treatment facilities servicing animal processing plants such that they now face limits to growth. As a 

result, additional increases in production and thus waste, or reduced wastewater treatment capacity from 

mechanical aeration equipment during cold weather, may significantly increase the risk to business 
continuity.5

For example: during a five-day period in which the day-time, maximum temperature at the Simmons facility 
averaged 8.8°Celsius (47.8° Fahrenheit  and the evening, minimum temperatures averaged negative 1.9°C 
(28.6°F , the use of surface aerators resulted in the temperature of the biomass dropping from 2 °C to 11°C. 
Traditional teaching indicates that nitrification performance decreases by approximately 66% with this type of 
temperature drop – a significant reduction in the facility’s treatment capacity.6  

5  This issue is not specific to Simmons Foods; the long-term growth in demand for animal protein and subsequent 
   investment in production has challenged the treatment capacity of many plants. It is an industry-wide factor driving the 

   search for more effective wastewater treatment practices and technology.

6  The optimal temperature for nitrification ranges from 28-to-32°C and tapers off dramatically as temperatures rise or fall, 
   effectively ceasing at 45°C and 5°C, respectively. For example: at 16°C  the nitrification rate is approximately half of 

that at 30°C; and at 10°C, the nitrification rate is approximately 20% of that at 30°C.
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Resolution
Without taking the treatment facility off-line, Simmons retrofitted two, 350-HP SDOX® systems to the 
treatment basin – each capable of supplying 7,200 lbs. of oxygen per day at optimal efficiency. One SDOX® 
system was set up to operate continually, with the second unit programmed to operate only during aeration 

cycles.

By replacing the surface aeration equipment with the “no-splash,” side-stream SDOX® oxygenation, the 
facility eliminated the cooling effect created by the surface aeration equipment, maintained a higher 
temperature within the treatment lagoon, and thus enhanced the biological function and treatment capacity 

of the plant. For example: during a subsequent four-day period during which the day-time, maximum 
temperature averaged 12.4°C (54.25°F) and the evening, minimum temperatures averaged negative 3.5°C 
(25.75°F), the use of the two SDOX® systems in place of 15 surface aerators resulted in the temperature of the 

biomass increasing from approximately 14°C to 17°C – recovering from the cooling effect of the mechanical 
aeration equipment and JODSFBTJOH the nitrification rate by approximately 15% during this cold period.

“In general, we’re treating more flow with higher loads and better removal rates and seeing lower operating 
costs per pound of loading removed”, notes Andy Brashear, the Environmental Manager for Simmons Foods. 
“Overall, our BOD and total nitrogen removal have both increased by about 10%."

Use of the SDOX® equipment also delivered the secondary benefit of reduced energy use, greenhouse gas 
emissions and operating costs. Operating at full capacity, each unit is capable of providing up to 19,500 lbs. of 
oxygen per day in a stable, super-oxygenated solution, enabling the total replacement all the 100-HP blowers 

in addition to the fifteen surface aerators, a potential reduction in energy use and associated greenhouse gas 
emission of more than 50% while delivering increased treatment capacity. This translates into a potential 
energy reduction of up to 5.4 Gigawatts and an estimated reduction in energy costs of approximately 

$648,000 annually.7  Additionally, the estimated reduction in maintenance cost and associated labor relative to 
maintaining a fleet of surface aerators is forecasted to be $296,000, yielding an estimated net, annual 
reduction in operating costs of more than $645,000 after accounting for the cost of oxygen.

“We are extremely pleased with the results of the two SDOX® systems,” notes Seth Walters, the Senior 

Director of Environmental Quality for Simmons Foods. “Aside from making it easier for us to stay in 
compliance during cold weather, once fully optimized, the energy savings alone are expected to justify the 
equipment.”

C A S E S T U D Y | M O  U N T A I R E F A R M S

Originally founded in Arkansas in 1914 as a commercial feed business, Mountaire Farms has grown into the 
seventh-largest producer of chicken in the United States, with operations in Arkansas, Delaware, Maryland, 
North Carolina and Virginia. Now headquartered in Millsboro, Delaware, the vertically integrated company 
employs approximately 7,000 employees and serves the US and international markets.

7  stimate based on the facility s historic  average cost of energy including significant peak load charges  DUVBM TBWJOHT
����NBZCF�HSFBUFS�TJODF�UIF�4%09¥�TZTUFN�FNQMPZT�B�WBSJBCMF�GSFRVFODZ�ESJWF�UIBU�XJMM�SFEVDF�QFBL�MPBE�DIBSHFT�JO�BEEJUJPO�UP�SFEVDUJPOT�
����JO�UIF�UPUBM�BNPVOU�PG�FOFSHZ�DPOTVNFE�
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Situation
The Company’s facility in Millsboro, Delaware includes poultry processing facility and a wastewater 
treatment plant. The poultry plant processes about 400,000 birds per day, with the associated wastewater 

facility treating approximately two million gallons of water per day using a continuous process reactor. The 

wastewater treatment plant discharges to about 900 acres of Company-owned crop land using spray 
irrigation. The treatment facility suffered from deferred maintenance and was consistently challenged to 
achieve its permit requirements. 

Complication
The Millsboro wastewater treatment facility suffered from insufficient aeration; additionally, the original 
oxidation ditch became deteriorated to the point of non-function due to a build-up of solids. With virtually 

no pre-treatment and a legacy of deferred maintenance, the desired biomass within the facility’s primary 

treatment basin was limited to approximately 1,500 mg per liter. Effectively, the plant was organically 
overloaded and unable to address the influent’s biological oxygen demand or achieve denitrification.  As a 
result, the plant was not operating in accordance with the requirements of its discharge permit.

Facing a consent decree from the regulatory authority, the Millsboro plant was directed to implement 

measures to achieve the treatment requirements of its discharge permit or shut-down production until a new 
treatment facility capable of processing the waste-stream is built. If required, the Company estimates the cost 
of a new treatment plant to be approximately $38 million.

Resolution
With new leadership and operators in place, the Millsboro wastewater treatment plant began making 
improvements to the facility in 2017. 

he situation at the illsboro plant presented a very specific challenge to the business  notes illy
NNPOT  lue n reen s hief echnical ďcer  IFZ needed to respond rapidly with a solution that would 
enable them to maintain production at the processing plant while we addressed their legacy issues  nd 
management didn t want to sink a bunch of capital into permanent equipment if they ended up having to 
build an entirely new treatment plant  hey needed a flexible system that could be easily deployed  removed
or transitioned to a new treatment facility if that turns out to be the ultimate  long term solution  he 
containerized  systems  engineering and operational support was exactly what ountaire needed  he 
systems are performing beyond expectations  he ountaire team noted that nothing else could have 
achieved all of their objectives

9
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In May of that year, the Company turned to BlueInGreen’s performance contracting division, BIG Aeration 
Services, for a potential solution. The Mountaire facility piloted BlueInGreen’s SDOX® technology by 
retrofitting a small, SDOX® 400 unit to the main, concrete treatment basin. Following the successful pilot in 
which the unit delivered approximately 3,000 lbs. of oxygen per day, the pilot system was replaced with a 
containerized SDOX® 800 unit in May of 2018, and a second SDOX® 800 system in September of that year. 
Upon installation, each SDOX® 800 unit delivered an average of 8,000-to-9,000 lbs. of oxygen per day in a 
stable, supersaturated solution.

The wastewater treatment plant began its recovery almost immediately. Oxygenation of the treatment basin 
with an oxygen-rich solution from the first SDOX® 800 unit helped to increase the desired biomass in the 
treatment basin from 1,500 mg per liter to 8,000 mg per liter, a 533% increase. With the increased biomass 
and a reliable source of oxygen in place, ammonia and total nitrogen removal improved dramatically. During 
the month of August alone, ammonia levels dropped from 200 parts per ml to approximately 30 parts per ml 
and total nitrogen dropped from 230 parts per ml to approximately 75 parts per ml. Treatment continued to 
improve with the addition of the second SDOX® 800 unit. Within three weeks of retrofitting the second 
SDOX® unit, ammonia levels were virtually zero and the total nitrogen content was approximately 10 parts 
per ml. In short, by replacing mechanical surface aerators with SDOX technology to fulfill the oxygen needs 
of the various biological treatment processes, the Millsboro treatment plant went from zero nitrification to 
complete nitrification and virtually 100% removal of ammonia. 

“We couldn’t have asked for a better fit with the value proposition of our performance contracting division, 
BIG Aeration Services,” notes Chris Milligan, CEO of BlueInGreen. “We are always up for a challenge and our 
services group offers a simple plug-and-play solution that can be retrofitted to any plant without interrupting 
operations. We come, drop one, two or as many containers as needed onto temporary gravel pads, hook 
everything up and our Technical Services Team optimizes the treatment and then monitors everything from 
our offices, providing remote support as well as site-visits for operator training and routine maintenance. The 
client is on a monthly contract and the systems may be easily removed or relocated if circumstances change.”

While it is still to be determined if the regulatory authority will require a new or upgraded treatment facility, 
using the SDOX® technology in conjunction with existing equipment and physical facilities has demonstrated 
that the current treatment objectives can be met without excessive capital expenditures. 

Figure    5

®

https://www.bigaerationservices.com/
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“Clearly, the Millsboro treatment facility is now doing what it is supposed to, treating the wastewater. And 
it’s doing so without spending millions of dollars for a new concrete and steel treatment basin, simply by 

using the existing treatment basin more effectively,” notes Billy Ammons. “I am confident that If all of the 
available infrastructure were appropriately fitted with SDOX® systems, long-term capacity, permit 

compliance and protection of the local water environment wouldn’t be an issue.”

Indeed, protecting the brand BOE�addressing the community’s concerns while maintaining production and 

potentially forgoing a $38 million capital expense would be the best outcome for everyone.

  

Tyler Elm, BSc. MRM, MBA 

Tyler is a strategic advisor to start-ups and seasoned management teams, working with 
them to develop, implement and scale sustainably-driven innovation strategies, new 

businesses and functions that engage the internal and external stakeholders of brands and 
value chains. 

Tyler has led the development, implementation and scaling of innovation strategies for the 

American Automobile Association, the Sustainable Forestry Initiative, Canadian Tire 
Corporation Ltd., Walmart Stores Inc. and Office Depot Inc., creating entirely new 
subsidiaries or functions that provide new sources of sustainable value.



Appendix



Flexible, Plug & Play Technology
The most efficient, dependable technology in a fully 
functional, containerized system. Rapidly and easily deployed 
and scaled to your needs, with the ability to be rapidly and 
easily removed or transitioned to new locations as your 
needs change.

Turn-Key, Monthly Performance Contracts
Whether it’s a periodic need, an emergency response 
situation or simply a desire to consistently increase dissolved 
oxygen and treat more flow with higher loads using half the 
energy, we offer turn-key aeration solutions to meet your 
needs with the financial flexibility of a monthly contract. 

Operational Continuity 
Our extremely effective side-stream dissolution method 
enables our solution to be retrofitted to any in-pipe, basin or 
lagoon-based process. There is no need to drain the 
treatment basin, disturb existing equipment or otherwise 
interrupt treatment operations or upstream production.

Proven Technology
More than 50 installations deployed throughout North 
America treating more than one billion gallons per day, every 
day.

304.Talk.BIG bigaerationservices.com

Treat More Using Less
Powered by BlueInGreen, our containerized SDOX® 
technology dissolves up to 40-times the oxygen in an 
extremely stable, supersaturated solution with 1,000 times 
the surface area compared to mechanical aeration 
equipment, enabling you to treat more flow with greater 
loads in a smaller treatment basin with half the energy costs 
and greenhouse gas emissions.

Modular & Mobile 
Modular technology packaged in a robust, 20-ft ISO shipping 
container offers design flexibility and ease of future 
expansion, whether your process calls for one system or ten, 
anywhere in the world.

Minimal Site Preparation
Our containerized solution eliminates the need for 
unnecessary infrastructure and construction, further reducing 
costs.

Advanced Technology Control & Automation
Fully automated with precise, feedback control enabled by 
sensors and an advanced, programable logic controller 
provides unparalleled responsiveness and precision for 
optimum treatment and regulatory compliance in dynamic 
conditions.

Next generation water treatment 
technology, when and where you 
need it.



Treatment as a service, 
when and where you need it. 

Award-Winning Engineers & Operators 
• Our team of experts will assess your needs, size and deliver the solution, optimize and

automate the treatment process, and remotely monitor and control its operation.
• Engineering and operational expertise with a focus on process optimization and

continuous improvement, ensuring efficient and effective treatment.
• Second-to-none performance contracting combined with monthly

performance reporting.
• On-site knowledge transfer and operator training.

Remote Monitoring & Support 
• Comprehensive system monitoring for optimized performance,

including remote operation, wireless notifications and support
from our engineers and operators.

• Digital dashboard enables performance monitoring. You see
what we see. The information you need when you need it,
wherever you are.

Some of Our Clients

Powered by BlueInGreen™




