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Rayner Dairy Facility
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Presenter
Presentation Notes
Rayner Dairy Facility officially opened on October 15th, 2013
It is designed to house 110-120 lactating cows
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Presentation Notes
Manure scraper cleans the alley of the free stalls every 3-4 hours
Manure is swept into a pit with water
Agitator mixes the manure and water and pumps the liquid manure into the tank
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Presentation Notes
Water and manure in the pit is agitated with an auger before it is pumped into the manure storage tank
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Presentation Notes
Tank fills up approx. 2.5 times per year (every 5 months)
University contracts an external company to pump out the tank, transport the manure several kilometers outside the city, and spread the manure on cropland


The Problem

The University of Saskatchewan Rayner Dairy Research and
Teaching Facility currently has no way to reclaim valuable

components from the manure produced by the facility

Photo Credit: Alanna Howell


Presenter
Presentation Notes
Use of municipal water is necessary in order to dilute the manure to a state that allows it to be pumped into the tank

Manure is hauled to and spread on land far from the city, and the land is not owned by the university


The Problem

Currently, the facility is required to store manure effluent in a tank

before it is hauled away for application on agricultural land

Photo Credit: Alanna Howell Image Source: www.cedar--rapids.com


Presenter
Presentation Notes
Use of municipal water is necessary in order to dilute the manure to a state that allows it to be pumped into the tank

Manure is hauled to and spread on land far from the city, and the land is not owned by the university


The Problem

This current process is:
Costly
Time-Consuming
Odour-Producing

Requires wmter appllcatlon of manure

B, - - . -
Photo Credit: Alanna Howell
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This current process is:

Costly -> Requiring $65,000 annually for hauling costs

Time-Consuming -> Requiring up to 20 days of pumping and hauling

Odour-Producing -> Given that the manure must be hauled through the city, the likelihood of causing complaints is high

Winter application of manure -> Spreading manure on frozen ground greatly increases the chances of nutrients running off into nearby sloughs, streams, and larger water bodies. 


The Problem

Manure separation equipment is widely available, but there is little

knowledge of how to manage the liquid component of manure

following separation
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Presentation Notes
This current process is:

Costly -> Requiring $65,000 annually for hauling costs

Time-Consuming -> Requiring up to 20 days of pumping and hauling

Odour-Producing -> Given that the manure must be hauled through the city, the likelihood of causing complaints is high


Project Scope

Identify most suitable manure management technology

Design how this technology may be incorporated into the current

manure management system
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Presentation Notes
Manure separation equipment is widely available, but what is less known is how to remove the remaining suspended solids and nutrients from the resulting liquid component of the manure


Primary Objective

Reduce to zero the hauling of liquid dairy manure effluent from

campus

Image Source: www.cedar--rapids.com



Secondary Objectives

Design a system that will:
Extract a nutrient fertilizer
Reduce greenhouse gas emissions
Eliminate odours
Advance environmental sustainability goals of the U of S
Provide teaching and learning opportunities

Demonstrate conservation practices



Constraints

Annual operation costs must not exceed $65,000

System must withstand Saskatchewan winters (-50° C)
Discharges to sewer must comply with Saskatoon City Bylaw 5115
System must fit on the dairy barn site

Must not require any additional staff

Photo Credit: Alanna Howell



Current State of Manure
Handling at the U of S

* 6 Million Litres of dilute manure effluent produced per year

* 104 employee hours required per year for weekly operation
and maintenance of the current system

* 85 employee hours required per year for supervision of
manure effluent hauling

* PLUS $66,500 paid annually for manure hauling



Saskatoon Wastewater
Discharge Bylaw 5115

(X—300) (P—10)

(Y—300) +23.8 % (Z-100)
300 100

R =7.2% +118.1 * + 28.0 *

R = monthly surcharge for sewer service in cents/100 cu. ft
X =BOD concentration (ppm)
Y = Suspended Solids concentration (ppm)

Z = Grease concentration (ppm)
P = Phosphorus concentration (ppm)



Saskatoon Wastewater
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General Required Process Flow



General Process Flow
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Step 1 -Separation

Problem: Remove large solids from the manure



General Process Flow
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Manure Separation Alternatives

Image Source:
vww.terborgagro.com


Presenter
Presentation Notes
The inclined stationary screen was found to have the highest nutrient separation efficiency
The screw press was found to have the lowest moisture content in the separated solids


Manure Separation



Presenter
Presentation Notes
The inclined stationary screen was found to have the highest nutrient separation efficiency
The screw press was found to have the lowest moisture content in the separated solids


Step 2 -
Fine Solids Removal

Problem —Remove fine solids from the separated liquid



General Process Flow
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Alternatives (Fine Solids Removal)

Optional Chemical
Modular 8 Mix Tank and Flocculation
Separator Thickener
Plates i
L]
S e
I'!

coagulant forms
precipitate,
trapping impurities
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Centrifuge - 
Coagulation/Flocculation
Clarifier

The lamella plate clarifier has a small footprint and efficiently removes fine solids following coagulation
The coagulation and flocculation is necessary in order to improve the efficiency of clarification

Coagulation and flocculation were found to remove finer solids than centrifugation



Fine Solids Removal

Optional Chemical

Modular Mix Tank and Flocculation

Separator Thickener
Plates —, Drive —

Qutlet

Rake f Removal
Thickener
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Presentation Notes
Centrifuge - 
Coagulation/Flocculation
Clarifier

The lamella plate clarifier has a small footprint and efficiently removes fine solids following coagulation
The coagulation and flocculation is necessary in order to improve the efficiency of clarification

Coagulation and flocculation were found to remove finer solids than centrifugation



Step 3-—
Suspended Solids Removal

Problem — Remove remaining suspended solids from the clarified liquid



General Process Flow
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Alternatives (Suspended Solids Removal)

lon Exchange Demineralization

Inlet Water

Bag Filters

Cation Free Water Dem ineralized Water
(Low pH) (Meutral pH)

Image Source: www.dmpcorp.com

Multiple Media Filter

NATCO Hiperfilter SFX Megi

INLET DISTRIBUTORS

i
DRAIN DOWN -FFII'H

ANTHRACITE

FINE GARNET
COARSE GARNET
CONCRETE SUBFILL

COLLECTOR SYSTEM

Image Source: www.asia.ru
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Presentation Notes
Bag Filter – Uses pressure to push water through a bag, concentrating nutrients on the inside of a bag which is contained inside a tube

Multiple Media Filter – The one shown here employs fine garnet, course garnet, and anthracite coal

Ion Exchange Demineralization:
- Ion exchange is a process used extensively in nuclear facilities, industrial processes and medical and pharmaceutical operations to control the purity and pH of water by removing undesirable ions and replacing them with acceptable ones.  Specifically, it is the exchange of ions between a solid substance (called a resin) and an aqueous solution, typically municipal, potable water but it frequently involves process or even waste water (e.g., the plating industry).  Depending on the identity of the ions that a resin releases to the water, the process may result in water purification or in control of the concentration of a particular ion in a solution.  An ion exchange is the reversible exchange of ions between a liquid and a solid.



Alternatives (Suspended Solids Removal)

Multiple Media Filter
NATCO Hiperfilter SFX Media Filter
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Presentation Notes
Bag Filter – Uses pressure to push water through a bag, concentrating nutrients on the inside of a bag which is contained inside a tube

Multiple Media Filter – The one shown here employs fine garnet, course garnet, and anthracite coal

Ion Exchange Demineralization:
- Ion exchange is a process used extensively in nuclear facilities, industrial processes and medical and pharmaceutical operations to control the purity and pH of water by removing undesirable ions and replacing them with acceptable ones.  Specifically, it is the exchange of ions between a solid substance (called a resin) and an aqueous solution, typically municipal, potable water but it frequently involves process or even waste water (e.g., the plating industry).  Depending on the identity of the ions that a resin releases to the water, the process may result in water purification or in control of the concentration of a particular ion in a solution.  An ion exchange is the reversible exchange of ions between a liquid and a solid.



Step 4 —
Nutrient Removal

Problem — Remove nutrients from 0% TSS water



General Process Flow
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Alternatives (Nutrient Removal)

Sequencing Batch Reactor Multiple Media Filter

‘T
OUTLET

L.ow BOD

ERATED FILTER

Image Source: ceeserver.cee.cornell.edu

Membrane Filtration

Image Source:
WWW.axiumprocess.com
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Presentation Notes
Bag Filter – Uses pressure to push water through a bag, concentrating nutrients on the inside of a bag which is contained inside a tube

Multiple Media Filter – The one shown here employs fine garnet, course garnet, and anthracite coal

Ion Exchange Demineralization:
- Ion exchange is a process used extensively in nuclear facilities, industrial processes and medical and pharmaceutical operations to control the purity and pH of water by removing undesirable ions and replacing them with acceptable ones.  Specifically, it is the exchange of ions between a solid substance (called a resin) and an aqueous solution, typically municipal, potable water but it frequently involves process or even waste water (e.g., the plating industry).  Depending on the identity of the ions that a resin releases to the water, the process may result in water purification or in control of the concentration of a particular ion in a solution.  An ion exchange is the reversible exchange of ions between a liquid and a solid.



Nutrient Removal

Membrane Filtration

Image Source: www.axiumprocess.com
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Presentation Notes
Bag Filter – Uses pressure to push water through a bag, concentrating nutrients on the inside of a bag which is contained inside a tube

Multiple Media Filter – The one shown here employs fine garnet, course garnet, and anthracite coal

Ion Exchange Demineralization:
- Ion exchange is a process used extensively in nuclear facilities, industrial processes and medical and pharmaceutical operations to control the purity and pH of water by removing undesirable ions and replacing them with acceptable ones.  Specifically, it is the exchange of ions between a solid substance (called a resin) and an aqueous solution, typically municipal, potable water but it frequently involves process or even waste water (e.g., the plating industry).  Depending on the identity of the ions that a resin releases to the water, the process may result in water purification or in control of the concentration of a particular ion in a solution.  An ion exchange is the reversible exchange of ions between a liquid and a solid.



ls there a commercially
available system rather
than designing a complete
one from components?



ls there a commercially
available system rather

than designing a complete
one from components?

YES



Alternative Systems

e Livestock Water Recycling (Calgary, AB)
* Clearwater Clarification (Regina, SK)
e McLanahan Nutrient Separation System (Michigan, USA)

Constraints and Criteria to pick a commercial system:

e Support

e Western Canadian Experience
* Proven Commercialization

e Appropriate for 100 Cow Dairy



Livestock Water Recycling (LWR)

Calgary, AB

e Systems installed in Canada and the US

e Can meet all the project objectives

e Canreuse water for wash and/or discharge to the city



Is this more economical AND less
risk than designing our own?

e Implementation time
e They've tested and worked out the bugs

e Experience and support
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How do we design this system
into the current barn?

Problem: LWR does not provide details

Solution: Check the patent
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Detailed Design



Complete System Layout




Close-Up View




Manure Solids Separation

Images Source: Livestock Water Recycling



Use of Manure Solids

Each cow produces 2x the bedding it needs

Photo Credit: Terry Fonstad

Dairy several km North of Saskatoon

Photo Credit: Terry Fonstad



Liquid nutrient component




Clean Water Recycling




Full Treatment System Cost Estimate

One-Time Capital Costs Cost

LWR System Equipment Portion 640,000.00
Installation Costs 60,000.00
Building Costs 350,000.00
New Tanks and Piping 50,000.00
Total One-Time Capital Costs: 1,100,000

Yearly Operation Costs
Electricity 14,500.00

Cost of Chemical Additives 26,600.00
Labour and Maintenance 30,000.00

Total Yearly Operation Costs 71,100

Yearly Savings due to Process Products

Savings due to using manure solids as bedding 8,800.00
Savings due to recycling clean water 6,000.00
Total Yearly Savings due to Process Products 14,800

Yearly Operation Costs - Yearly Savings $ 56,300.00




New Manure Handling System

* Each year, the system would produce:
* 2 Million Litres of 0.2 — 0 -0.6 liquid nutrient
* 4 Million Litres of clean water
* 1 Million Litres volume of reclaimed manure solids

* 104 employee hours required per year for weekly operation
and maintenance of the current system

* 4,50 employee hours required per year for operation of the
system

* ~$60,000 in net annual operation and maintenance


Presenter
Presentation Notes
Operation of the system should happen on alternating weekdays (Mon, Wed, Friday)



Conclusions

Based on a complete manure treatment system:

* Capital costs ~ $1.2 M

* Yearly operating costs ~ $60,000

* Valuable by-products

* Significantly reduced odour

* Hauling once per year, in the summer
* More weekly labour input required



Recommendations

* Consider using reclaimed manure solids as bedding

* Consider eliminating the final nutrient removal step in the
process

* Continue with the current system if cost and labour are
the most significant criteria
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Questions
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