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Executive Summary 
 

Waste treatment technologies currently used in animal and poultry production systems are under 
scrutiny. Several major efforts are underway to identify superior waste treatment technologies 
that can be economically implemented. As tighter nutrient management rules are implemented, 
technologies that remove nutrients from the farm and into areas where they are needed will be 
essential. 
 
Super Soil Systems USA, Inc. has developed superior waste treatment technology for swine 
production. The technology includes removal of suspended solids from the waste stream 
followed by soluble nitrogen and phosphorus removal from remaining effluent. The treatment 
process has been proven to substantially reduce ammonia emissions and odor on the farm while 
also killing pathogens and removing nitrogen, phosphorus, copper, and zinc. 
 
Initial evaluations of the technology indicated that it was very expensive. To lower cost and 
improve acceptance of the technology, the solids removal system was redesigned and 
constructed using more economical modular construction. Solids removal alone is expected to 
substantially improve the producer’s ability to meet more stringent environmental regulations. 
 
The Super Soil FPPC Project was conducted to confirm expected technical performance and 
economic feasibility of second generation solids removal equipment. After implementation of the 
technology on a 4400 head market hog production unit in Duplin County North Carolina, the 
system was operated for 13 months. During this period, operating conditions and maintenance 
requirements were monitored closely. Solids were removed to a central processing facility where 
they were composted to kill pathogens and stabilize nutrients. 
 
Results indicate the second generation solids removal system performed as predicted. Ninety-one 
percent (91 %) of the suspended solids in the waste stream were removed along with 47 % of the 
Total Kjeldahl Nitrogen, 74 % of the Total Phosphorus, 93 % of the copper and 92 % of the zinc. 
Ammonia emissions from the lagoon were reduced over 80% by removing suspended solids 
from the waste stream. The volume of the solids was reduced by over 50% at the solids 
processing facility while 57 % of the carbon, 97 % of the nitrogen, 100 % of the phosphorus, 96 
% of the copper and 99 % of the zinc were recovered. Soil amendment, container mix, potting 
soil and organic fertilizer were manufactured from the solids. 
 
Construction and installation costs were reduced by more than 1/3rd with modular construction. 
Additional savings could be realized by eliminating unnecessary components, taking advantage 
of volume discounts, and constructing the unit in the United States. Construction cost totaled 
$80.56 /1000 lb sslw (steady state live weight) annualized over ten years. 
 
Operational expenses were reasonable but higher than expected due to maintenance requirement. 
Over a 13 month period, operational expenses averaged $25.61/ 1000 lb sslw for a total ten-year 
annualized cost of $106.17/1000 lb sslw. 
 
It is recommended that a third generation solids removal system that is more robust and operates 
at higher processing speeds be tested to confirm expected performance and lower construction 
and operational cost. This equipment is expected to serve up to 7 farms of the 4400-head 
capacity and, therefore, lower overall expenses for both large and small operations. 
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Introduction 
 
Long-term sustainability of North Carolina’s swine industry is dependant on the ability of 
producers to provide adequate land for nutrient disposal. As solids accumulate in lagoons, they 
must be cleaned out to continue production. In most cases, there is not adequate land on a given 
farm to allow utilization of solids on the farm and subsequently continue production and routine 
waste application.  
 
The Super Soil FPPC Project was envisioned during the evaluation period of the Smithfield 
Foods Project that was funded by the N C State University Waste Management Center. Early in 
the evaluations of the Smithfield Project, it was evident that approximately 75 % of the total 
nutrient load on the swine farm was being removed during solids removal. Early feedback also 
suggested that even though the treatment facility appeared to be successful, it was also very 
expensive. During the evaluation of the solids removal technology, it also became evident that 
some improvements were needed to reduced maintenance requirement and enhance performance. 
 
The first solids removal system was installed in an expensive two-story building which added 
significantly to the cost and made it difficult to relocate the equipment to other farms. The 
second generation solids removal system (FPPC Project) was developed to reduce cost of 
constructing and installing the equipment on farms and maintaining mobility so that the solids 
removal system could be relocated if a farm went out of business. The modular, assembly line, 
construction reduced cost significantly while also contributing to mobility of the treatment 
system. 
 
 

          
 

Modular Construction Reduces Cost and Facilitates Quick Installation 

The FPPC Project was implemented on Goshen Ridge Farms, LLC, a 107 acre farm, in Duplin 
County, North Carolina. The farm consists of three production units. Each unit contains one 
waste treatment lagoon and six production houses. Approximately 720-730 animals are housed 
in each building. As a result, a production unit includes approximately 4360 animals. There are 
2.8 cycles of market hogs produced at each facility per year for a total of 12,208 hogs (589 
animal units)/facility per year. The farm has been in production for 5 + years.  The Solids 
removal system was installed at unit three while unit two was maintained as a control (traditional 
lagoon and spray-field) and the Smithfield Project was conducted at unit 1. 
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Solids removed from the waste stream were transported to a central processing facility where 
they were composted to produce base materials that could be used in the manufacture of soil 
amendment, potting soil, container substrate, and organic fertilizer. This ensured that nutrients 
removed from the farm could be stabilized and distributed as value-added products outside the 
production region. 
 

COMPOST 
FACILITY

             

AFTER 30 DAYS

 
 
 The FPPC Project demonstrated that it is possible to construct a modular solids removal system 
that can be set up on the farm in approximately two weeks. Cost for construction and installation 
of the equipment on the farm was reduced by over 1/3 rd of that of the previous Smithfield Foods 
project. A 13 month evaluation of the solids removal system was conducted and indicated 
removal of over 90% of the Total Suspended Solids. With these solids, approximately 50% of 
the Total Nitrogen, 75% of the Total Phosphorus, and over 90% of the copper and zinc were 
removed from the farm. Construction cost of the solids removal system totaled $80.56/1000 lb 
sslw (steady state live weight) when annualized over 10 years. Operating expenses averaged 
$25.61/1000 lb sslw during the 13 month period for a total waste treatment cost of $106.17/1000 
lb sslw.  
 
The evaluation of the project was facilitated by a cooperative working relationship with USDA-
ARS Florence which ensured an unbiased evaluation of performance. The evaluation team was 
headed by Dr. Matias Vanotti. The interim report is attached. The final report is currently being 
prepared and will be submitted after completion. 
 
The project was funded in part by the FPPC. Super Soil Systems USA, Inc. provided additional 
funding while USDA-ARS Florence funded the evaluation.  
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Background 
 

Animal and poultry production systems in North Carolina are currently under scrutiny. Due to 
concerns over odor and environmental impact, along with significant lagoon spills in recent 
years, the swine industry has been under pressure to identify a superior technology that can be 
implemented at a reasonable cost to integrators and producers. The industry has been operating 
under a legislatively imposed moratorium in recent years which has capped expansion until 
environmentally superior waste treatment technology is identified.  
 
An agreement between the North Carolina Attorney General and Smithfield Foods, Premium 
Standard Farms and Front Line Farmers provides the framework for identifying superior 
technologies. The NC State University Waste Management Center directed by Dr. Mike 
Williams was designated to lead this effort. Dr. Williams appointed an Advisory Panel 
comprised of stake holders and waste management experts, to work through scientific and 
economic questions and set minimum conditions for a technology to be identified as 
environmentally and economically superior so that they can be recommended for implementation 
on farms. 
 
While the goal has always been to identify a perfect technology to economically solve waste 
management problems, it is recognized that implementation on farms will require variations of 
one or more technologies to meet regulatory compliance requirements and conditions on 
individual farms. As a result, Super Soil Systems has put together several technologies that 
together offer a comprehensive treatment system realizing that conditions on individual farms 
may require use of only one or two of the technologies to remain in compliance and meet more 
stringent waste management requirements. Super Soil is prepared to offer all or portions of the 
technology package to suit the needs of individual farms.  
 
Most citizens would like to see lagoon and spray field technology replaced with superior 
technology that reduces odor and risk to the environment. As a result, Super Soil has opted to 
develop technology that allows the lagoon to be closed or cleaned and used to store irrigation 
water or for fish production and recreation. For new farms and expansions, treated water can also 
be stored in above-ground tanks. Storage tanks in the treatment process will all be above ground 
for added protection. 
 
Although the Super Soil technology was developed to address the waste treatment requirements 
for swine, the process is adaptable to most other waste streams including dairy, beef, and poultry. 
It is also applicable to some industrial waste.  
 
The Super Soil project funded by the FPPC could have far reaching implications for the swine 
industry. The demonstration project represents an economical way to remove approximately 75 
% of the nutrients in the waste stream from the farm and move them out of the production region 
where they are needed. As a result, the solids removal system alone will bring many farms in 
compliance with more strict nutrient management rules and ensure long-term sustainability for 
most farms. 
 
 
 
 



Review of Methods 
 

The Super Soil project involved modular construction of the solids removal system and 
installation on a farm. Afterwards, the unit was operated for 13 months while a core of data was 
routinely collected by Super Soil and USDA-ARS Florence to document technical and economic 
performance. Daily records of operating conditions, costs, and performance were maintained by 
Super Soil. These records included a record of time required to monitor and maintain the unit 
along with cost of repairs. Daily operating conditions including gallons of wastewater processed, 
solids removed, electrical consumption and polymer requirement were also recorded. Equipment 
failure and repair requirements were recorded. After solids were delivered to the regional 
processing facility, a record of compost mixes, daily mixing and temperatures, as well as weekly 
moisture determinations were maintained. Volume of solids and bulking materials going into the 
compost process were recorded along with output volume. A record of product sales was also 
maintained. USDA-ARS Florence completed an independent evaluation of technical 
performance. 
 
The Super Soil technology and treatment process is different from most other animal waste and 
municipal treatment processes in that the solids are removed first. This significantly decreases 
the treatment load for the remaining effluent. The other thing that is unique about the Super Soil 
process is that a polymer is used to flocculate and remove suspended solids. This process is far 
superior to standard screening processes.  
 
Installation of the technology on the farm required some site grading. A concrete pad along with 
two holding pits for return water was then installed. Required valves for diversion of the waste to 
the screen and lift station were installed and the homogenization tank was constructed. The 
mixing system was then installed along with a hair screen, access platform, and controls. Some 
modification of electrical components was required since the separation module was 
manufactured in Europe. A pictorial review of the construction sequence follows.   
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The treatment process consisted of homogenization, polymer injection and mixing, screening, 
DAF treatment, moisture adjustment, and solids removal. These processes are depicted in the 
following photographs. 
 

         
 
 

         
 
 
Effluent was returned to the existing lagoon. Solids were removed to a central processing facility 
where they were composted to stabilize nutrients, kill pathogens, and manufacture soil 
amendment, fertilizer, potting soil, and container mix. One compost recipe targeted soil 
amendment, potting soil and container mix manufacturing while the other was a substrate for 
fertilizer manufacturing. Both Greens Grade and Fairway Grade 4-3-2 (100 % organic or slow 
release nitrogen) fertilizers were produced and are currently being tested. An 8-2-3 ratio fertilizer 
(50 % organic nitrogen) was also manufactured in a Greens Mix and Fairway Mix to provide a 
material with more immediate nitrogen availability. Fairway Grades of both 100 and 50 % 
organic nitrogen materials can also be used in general turf applications. The steps in solids 
processing are shown in the following photographs.  
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Quality Assurance 
 
USDFA-ARS Florence was responsible for most of the scientific analytical data and has its own 
quality assurance program in place. This program is directed by Ms. Aprel Ellison. Super Soil 
used standard scientific methods to maintain records and sample solids. Solids were sampled 
once monthly and analyzed by the N C Agronomic Division using standard methods. Internal 
meters were used to record waste water treatment amounts, and electrical consumption.  
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Results and Discussion 
 
Data collected over a 13 month period indicated the solids removal system performed as 
predicted and provides a mechanism for removing most of the nutrients from the swine 
production farm. This should decrease land requirement for nutrient application on the average 
farm by at least 50% when nitrogen is the limiting factor driving application rates. When solids 
are removed from the waste stream, the existing lagoon is also cleaned up over time. 
 
 

Conventional 
lagoon

Solids 
Removal 
Lagoon

 
 
 

  
Operational Summary 
The unit was operated a total of 311 days or an average of 24 days per month. A total of 195 
barns were emptied for an average of 16 per month. Each of the 6 barns was, therefore, emptied 
an average of 2.7 times each month. A total of approximately 2,383,434 gallons of waste water 
was treated during the period for an average of 183,341 gallons each month. A total of 2550 lbs 
of polymer was utilized and averaged 196 lbs per month. A total of 42,604 kwh were used during 
the 13 month period for an average of 3874 kwh per month. In total, 16,970 cu ft of solids were 
removed to the central composting facility for an average of 1,305 cu ft per month. A summary 
of operational data is shown in the following table.  
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OPERATIONAL SUMMARY
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Time required for monitoring and repair of the solids removal system was higher than expected. 
An average of 28 hrs per month was required during the 13 month evaluation period. On two 
occasions, extended periods were required to receive shipment of spare parts. These parts must 
be maintained in North Carolina if the solids removal system is implemented on farms. Most 
maintenance was required for the DAF (dissolved air flotation system) and Belt Press (moisture 
adjustment component). Other maintenance issues involved the computer and electrical control 
system. If the treatment system is expected to be trouble free on farms, additional protection of 
these components will be necessary. 
 
Removal Efficiency 
Approximately 140,000 lbs of solids (dry weight basis) were removed from the farm during the 
13 month period. That resulted in over 7,000 lbs of Nitrogen, 2,900 lbs of phosphorus (6,600 lbs 
phosphate), and  180 lbs each of copper and zinc removed from the farm. 
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Removal Efficiency for the first six month period is shown in the following tables. As expected, 
the system removed 90 % of the Total Suspended Solids. With the solids was 47 % of the Total 
Kjeldahl Nitrogen, 74 % of the Total Phosphorus, along with 93 and 91 % of the copper and 
zinc, respectively. The system removed 90% of the Organic Nitrogen and 92% of the Organic 
Phosphorus from the waste stream.  
 

Water Quality
Parameter

Raw Liquid
Swine Manure
mg/L (± s.d)

Liquid After Solids 
Separation 
Treatment

mg/L (± s.d)

Reduction
Efficiency

(%)
Total Suspended Solids (TSS) 10,740 (12,014) 997 (639) 91

Volatile Suspended Solids (VSS) 8,902 (10,902) 777 (548) 91

Chemical Oxygen Demand (COD) 20,638 (16,428) 5,134 (2,176) 75

Biochemical Oxygen Demand 
(BOD5)

4,642 (3,488) 1,323 (495) 71

Total Kjeldahl Nitrogen (TKN) 1,516 (481) 797 (257) 47

Ammonia Nitrogen (NH4-N) 797 (202) 725 (167) 9

Organic Nitrogen (TKN- NH4-N) 719 72 90

Total Phosphorus (TP) 523 (302) 136 (37) 74

Orthophosphate (PO4-P) 129 (27) 105 (16) 19

Organic Phosphorus (TP- PO4-P) 394 31 92

Evaluation Data Supplied by Dr. Matias Vanotti, Research Scientist, USDA-ARS Florence

REMOVAL EFFICIENCY

 
 

 

Sulfur 78 (21) 24 (9) 69

Calcium 339 (192) 55 (8) 84

Magnesium 211 (207) 16.4 (7.5) 92

Zinc 12.5 (4.3) 0.95 (0.26) 92

Copper 3.1 (1.2) 0.23 (0.04) 93

Iron 38.1 (28.9) 3.31 (1.32) 91

pH 7.55 (0.36) 7.60 (0.17)

Electrical Conductivity (mS/cm) 8.26 (1.93) 7.75 (1.58)

Water Quality
Parameter

Raw Liquid
Swine Manure
mg/L (± s.d)

Liquid After Solids 
Separation 
Treatment

mg/L (± s.d)

Reduction
Efficiency

(%)

REMOVAL EFFICIENCY

Evaluation Data Supplied by Dr. Matias Vanotti, Research Scientist, USDA-ARS Florence  
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Lagoon Emissions 
Both the solids removal and conventional check lagoons were monitored during the evaluation 
period for ammonia emissions. Results indicate significant reductions in ammonia release from 
the lagoon when solids are removed from the waste stream. Emissions remained at pretreatment, 
cool weather levels, when solids were removed from the effluent prior to depositing it in the 
lagoon (Unit 2 is the conventional lagoon and Unit 3 is the solids removal lagoon). 
 

Lagoon* Date

Sampling 
Period
(hours)

Air
Temp
(oC)

Emission
Rate

(kg NH3-N/ha-
d)

Unit 2 03/10/04 23 5.9 7.0

Unit 3 03/10/04 23 5.9 8.7

Unit 2 04/20/04 23 21.8 49

Unit 3 04/20/04 23 21.8 5.7

Unit 2 05/19/04 23 23.7 68

Unit 3 05/19/04 23 23.7 11

Traditional lagoon (Unit 2)= 1.0 ha (2.5 ac); lagoon with solid separation  (Unit 3)= 0.99 ha. 

Evaluation Data Supplied by Dr. Matias Vanott, Research Scientist, USDA-ARS Florence

LAGOON AMMONIA EMISSIONS

 
 

A partition of TSS (Total Suspended Solids) removal efficiency by component indicated that 
little reduction in nutrients resulted from the DAF unit. As a result, both implementation and 
operational costs might be reduced by eliminating this component for the treatment system. 
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Economic Evaluation 
Construction and installation costs were reduced by more than 1/3rd when the modular assembly 
line construction was implemented. Additional savings could be realized by eliminating 
unnecessary components, construction in the USA as compared to Europe, and volume 
component purchasing. Construction cost totaled $80.56 when annualized over ten years. 

Construction Cost 10 yr Annualized Cost  Cost /1000 lb sslw
Modular Separation Unit & Solids Transportation 

Containers 189,793.32 28,284.80 47.62
Import Duties/Delivery charges 3,007.50 448.21 0.75

Grading/Site Preparation 1,666.00 248.28 0.42
Concrete Pad and support for Separation Unit (0.33 x 

20ft x 60 ft @  $175/yd 6,397.85 953.47 1.61
Homogenization Tank 28 ft. diam. (Delivery) 7,992.80 1191.16 2.01
Homogenization Tank 28 ft. diam. (Installed) 9,673.55 1441.64 2.43

Homogenization Tank Mixer Model RW 3032A35/6 EC 5,280.00 786.88 1.32
Homogenization Tank Pump 

Waste Evacuation Valves 1,646.78 245.42 0.41
Waste Evacuation Piping/Process Piping & 

Valves/Strainer Installed 6,083.15 906.57 1.53
Waste Evacuation Pump Station 20,333.66 3030.31 5.1

Rejection Pit ($615), Clean-water Pit ($615), Pump 
($1480), & Probes ($1,000) 2,723.36 405.86 0.68

Hair Removal Unit 4,328.31 645.05 1.09
Lagoon Return Piping (100 ft) Installed  

Electrical Power/Lighting/Pump/Mixer Wiring 13,350.00 1989.54 3.35
Fresh Waterline & Attachment 
Enclosure for Separation Unit 4,571.94 681.35 1.15

Construction Management 16,720.00 2491.77 4.19

Construction Total $321,078.22 47,850.12 $80.56

CONSTRUCTION COST SUMMARY

 
 
 

Operational costs were higher than anticipated due to maintenance and repair requirements but 
were still within an acceptable range. Elimination of the DAF and further improvements in 
individual components and the electrical control system could significantly reduce maintenance 
requirement.  
 

 16

MONTH LABOR LABOR ELECTRIC ELECTRIC POLYMER POLYMER REPAIRS TOTAL
hrs $ kwhrs $ lbs $ $ $

February 12 180 100 180 360
March 20 300 200 360 660
April 17 255 3287 164.35 150 270 185 874.35
May 16.5 247.5 4512 225.6 150 270 41.29 784.39
June 28 420 5507 275.35 300 540 38.98 1274.33
July 20 300 4460 223 100 180 35.2 738.2
August 39.5 592.5 3993 199.65 250 450 436.9 1679.05
September 35 525 4229 211.45 150 270 962.82 1969.27
October 55 825 3206 160.3 200 360 439.63 1784.93
November 43 645 5393 269.65 350 630 255 1799.65
December 34 510 2480 124 250 450 1084
January 32 480 4256 213.2 250 450 1143.2
February 7 105 1279 63.95 100 180 709.27 1058.22

Total 359 5385 42603 2130.5 2550 4590 3104.09 15,209.59

OPERATIONAL EXPENSES

February 2004-February 2005

 



Construction and operational expenses totaled $106.17 /1000 lb sslw making the solids removal 
system a viable alternative treatment of swine waste and ensuring the long-term sustainability of 
this industry. 
 

TOTAL COST
SOLIDS REMOVAL SYSTEM

106.1762,964.12TOTAL

25.6115,209.59OPERATIONAL

80.5647,850.12CONSTRUCTION
Annualized 10 yr

$/1000 SSLWTOTAL
$

 
 

Operational Considerations/Opportunities 
As a result of efforts to further reduce construction and operational cost, Super Soil has 
investigated the potential for improving components of the solids removal system and spreading 
cost over several farms. A new solids removal system that is more robust and utilizes press and 
screen technology with flocculated solids has been evaluated and results are very encouraging. 
The third generation solids removal technology does not include DAF technology and the 
moisture adjustment system utilizes press technology rather than a belt press which requires 
more maintenance. The third generation solids removal technology is completely mobilized and 
can serve up to seven farms equivalent in size to Unit 3 at the Goshen Ridge facility. Preliminary 
testing on site indicated the new technology can achieve similar performance at up to 4 or 5 
times the operational speed of the second generation technology tested in the FPPC Project. 
 

 
Super Soil Third Generation Solids Removal System 
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Effluent and Solids - Third Generation Solids Removal System 

 
 
 

COMPARISON OF PERFORMANCE 
FIRST AND THIRD GENERATION SOLIDS REMOVAL SYSTEMS 

SLDS. REM. SYSTEM   RATE TSS 
REM. 
EFF. TS COD TKN TP 

CAKE 
SOLIDS 

    m3/hr mg/L % mg/L mg/L mg/L mg/L % 
          

INFLUENT     4800   6608 7925 880 233   
          

FIRST GENERATION   2.5 435 91 2389 1499 630 110 15.2 
          

THIRD GENERATION  4 325 93 2152 1044 572 105 25.3 
  6.3 435 91 2132 1118 575 98 25.7 
  8 328 93 2173 1202 602 111 23.9 
  10.2 342 93 2138 1082 584 100 23.8 
  11.1 452 91 2183 1114 592 113 21.7 

MEAN (THIRD GEN.)     376 92 2156 1112 585 105 24.1 
          

Note:  Average two Reps.          
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 18



Conclusions and Recommendations 
 

Results of the FPPC Project confirm that solids removal is an important component of superior 
waste treatment technology. Goals of the project were met. Approximately 75 % of the farm 
nutrient load was removed with the suspended solids. Specifically, 91 % of the TSS was 
removed from the waste stream along with 47 % of the Total Kjeldahl Nitrogen, 74 % of Total 
Phosphorus, 93 % of the copper, and 92 % of the zinc. Farms needing additional soluble nitrogen 
and phosphorus removal from the effluent can implement Super Soil’s nitrogen and phosphorus 
removal systems.  
 
Although economic results from the project are very encouraging, additional construction and 
operational cost reductions can likely be realized by implementing the improved third generation 
solids removal technology. The third generation system is designed more robust and 
maintenance cost should be significantly reduced. Reduced moisture in the solids removed from 
the farm will greatly facilitate composting and reduce transportation cost.  
 
It is recommended that the third generation solids removal system be tested in the next round of 
technology evaluations. Assuming results are positive, the technology would then be ready for 
wide-spread implementation on farms. By servicing up to seven farms with the same solids 
removal unit, Super Soil predicts that cost to the farmer will be decreased to $84.55 /1000 lb 
sslw. 
 

Finishing Farm Capacity 4,400              
Steady State Live Weight 594,000           

Annual Cost
Cost Per 1000 lb 

SSLW
Farm Cost Analysis
Investment Cost

Lift Station and Solid Separation Tank 100,000$         
Total On-Farm Cost 100,000$         

Technology Implementation Incentives* (100,000)$        
Net On-farm Investment -$                $0 -$                  
* Up to $100,000 Cost Share Incentives provided by Federal & State Agencies and others.

Farm Annual Operating Cost
Electricity 1,200$        2.02$                
Maintenance & Repairs 1,000$        1.68$                
Other costs 500$           0.84$                
SSS Solids Service Fee 47,520$       80.00$              

Total Annual Farm Costs 50,220$       84.55$              

Economic Analysis of 3rd Generation Solids Removal System
Super Soil Systems USA, Inc.
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