LRIC

Engineering a Better Farm: Industry Challenges and Opportunities (March 2024)

Automation of tasks and data capture
Silage dry matter
Calf activity monitor
Expanded capability for existing automated feeders
Weight / temperature assessment
Manure and feed storage levels
Medicinal records
Infrared cameras
Environment resistant security cameras
Feed bin, feeder, water meters
Auditory as measure of animal comfort
Egg quality prehatch
Floor egg / Mortality pick ups
Accurate bird count in aviary systems
Routine barn environment assessment
Barn cleaning
Bird catching
Drone reading of RFID tags (May need longer range tags)
Drone capture of body temperature, administration of treatment, vaccine

Better animal identification
RFID tags
Facial recognition

Quick tests / Predictions
Cow side Calcium level in blood
Feed available in a grazing paddock (days)
Chick sexing prehatch / In barn fertility
Al to analyze past and predict trends in environmental impact
Al for grading roosters

Energy
Recovery from compost, manure
Retention via insulation
New sources (e.g. heat pumps)
For truck wash centers

Ventilation
Disease identification and elimination
Heat recovery, gas recovery for energy use
Cooling
Measuring and reducing ammonia/dust release from ventilation

Design
Manure management to lower GHG emissions
Barn design for more extreme weather
Feeders for lower feed waste, precision feeding
Portable shade and windbreak structure
Portable fencing and watering systems
Submersible fish net pens
In barn hatching
Avoid feathers in feeders (blockages)
Bird movement: avoid smothering in loose housing
Biofilter systems that work at lower temperatures
Sow scratchers
Foot baths for sows
Sensors to determine function of hidden fans




Sector

Input

Dairy

Rapid moisture of feed used for rations (i.e. haylage and corn silage): This would help to fine tune and improve the accuracy and cost effectiveness of
the dairy ration. We are constantly adjusting feed amounts to compensate for rain or hot dry weather. However, we are usually a day behind

Cow side blood Ca test for cows: Milk fever can be a problem in many farms and a rapid cow side test would help in accurate treatment
Computer app to plug into tractors to download repair codes and correct the problem

Universal data format or conversion software: There are many forms of data and formats on farms (i.e. Lely vs. DeLaval milk wts and activity). It
would be great if different technology on different farms could be universally formatted for research and government purposes

Activity monitor for calves: There is no system or collar for calf activity. This would help with early disease detection

Remote and rapid body temperature of animals: Ideally this is not a bolus put in the cow or calf and is a remote sensor that records body temperature
in real time and sent to a phone or computer program.

Measure and record dry matter intake in the cattle: To truly know the most efficient animals in the herd the dry matter intake in relation to the milk
production would be great. The most feed efficient cows would be kept. This tool would also be useful for early detection of sickness and low intake.

Young stock development: Improved robotic feeder that measures feed intake, calf weight, cost and return over cost

Beef

Knowing how much feed is available in a paddock for grazing: Use satellite imagery to measure. (presentation at GRAS, Living Labs announcement).
Calculate number of days of grazing available. Data sent to phone to allow best use of grazing lands.

Routine data capture: Example, we have an individual animal scale coming that will weigh the front two feet of a steer and correlate that with its live
weight standing in the pen. Its Marty Metzger’s system that’s being marketed through Gallagher. The amount of date that’s going to be available I feel
can change how we feed and market cattle in Ontario. The predictive analytics that can come out of the data will help us manage and market feeder cattle
at their maximum dollar amounts based on any time and date. Another example is the use of a thermal camera that can scan a pen of cattle for elevated
or fevered animals in the pen. This could also be used in extreme heat and cold to help adjust feed rations for animals affected by temperatures.

Knowing the value of excellent compost: The aerated static pie composting system we are installing at Walkerton will allow us to produce a high
quality compost at our feedlot using forced air and sensors to do the work instead of a compost turner. Producing a fungal dominant compost is what we
are after for our crops. I think this type of system could be widely adopted here in Ontario with the number of ruminants here in the province. We know
the NPK and S values of the compost we are producing now but that only makes up the 75 kgs in a Metric ton.

How to use heat from a composting system: This could be used to heat a shop or farm office among other buildings around the farm. Most floor
surfaces of an ASP system are 65C and a heat recovery could easily happen to transfer heat through water to adjacent buildings.




Pork
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Automated data capture: Within the electronic feed station to have the ability to scan or measure the sow for temperature, backfat scale, time it
takes to eat her ration, ability to measure her weigh without a scale. This data would be recorded from her RFID tag that could send the
information to the office to precision feed, inform the farmer of health challenges (early detection)

Development of top dressing within an ESF station, must automated unit

Development of a tool for facial recognition & temperature of piglets through to sows for better herd health management

Development of a scanner (mobile unit or pen based) to read the weights of a pen of pigs or individual from grow finish hogs.

Air ventilation systems that could UV light filtration or something else to destroy particles before they enter the barn (Attic ventilation system
to retro into existing facilities)

Ventilation system that could recycle heat loss through fans, clean the air and have it enter the barn again. Air recycling

Development of an air-cooling system, energy efficient, low cost to cool a barn minimum of 5 degrees.

New energy source: Could there be a geothermal system that could be commercially scaled.

Development of a better RFID tag, or way to control it so that VFDs (variable frequency drives) don’t interfere with the individual animal tags.

. Development of a light-weight device for injectables (vaccinations & records) per sow and her litter that could scan her RFID tag, the medicine

bottle and provide all the information for the quality insurance program around food safety.

Development of an instrument that could detect manure levels, concentration of ammonia and nitrogen like a manure sample before
spreading the manure on the fields in the spring and fall — could it detect other things like phytase.

A device that could trap emissions from the fans and use it as an energy source.

What other energy sources outside natural gas, propane, and electricity (grid is not strong enough) that could be used?

Manure separation for the hog operation (like the dairy industry)

Manure pit solutions to lower GHG emissions. Downsize the existing manure pits or add lids.

Development of an infra-red or night vision camera mountable to detect piglets during farrowing.

Ability to have a device that could detect virus or virus load in the air. (PRRS is an aerosol) Development of a disease management tool.
Many diseases are walked into a facility, is there any way to detect viruses in entry systems.

Just like a fire alarm, ammonia detection for hog facilities — ability to send an early warning message to the user’s phone for overheated panels,
plugs, electrical connections, motor connections, ammonia levels (emergency preparedness)

Due to the nature of hog facilities (corrosion) could there be a security system that reports open doors or security along with cameras that can
withstand the barn environment that can be seen on a mobile device.

Hanging heaters in the barn- box heaters are heavy and even with 2 men are difficult to hang especially in amongst the pigs in a pen. We have
been using a modified lift cart, but it could be better.

Monitor feed bins. I know there is tech out there. Is there a system that monitors consumption and alerts to when a bin will be empty? NOTE,
this exists.

Monitor feeders. We still have trouble with prox switches where feed sticks. Can we monitor feeders to tell when they are empty?

Smart water meters- probably exists but monitor water consumption to know when there is leakage etc.

Truck wash facility —a high energy, water volume and labour chore. Ideas -Vacuum cleaning, microwave disinfection

Sow scratchers / Foot baths that withstand the chewing and eating behaviour of pigs

Sensors to determine function of hidden fans




Eggs

Engineering issue of having free range barns with pop-holes (access to the outdoors)... is there a better way to design them? Improve range design to
encourage birds to use it?

In terms of welfare monitoring and Al there is some work that could be done on using robots:

a. to monitor the environment (e.g. physically pick up eggs/deads, monitor litter/air quality, early warnings of issues),
b. spacing behaviour monitoring (i.e. to help predict / mitigate piling behaviour, potentially using heat signatures), or
c. sound monitoring (e.g. ID disease vocalizations — there has been work done on this but still early and could be gaps still).

Layer Barn Design Issues:

L.
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Ventilation in general / new ways to ventilate?
a. environmental impact
b. Disease reduction
c. Particle reduction in air
d. Emission reduction
Barn design: severe weather resiliency etc
Artificial Intelligence in monitoring barn environment

Geothermal heating and cooling. We excavate a lot of dirt to build the barn so the most cost effective would be laying pipes under the barn.
Ventilation to reduce disease spread, somehow controlling all the intake air through one opening.

Ways to increase barn insulation without large cost increases

Balance between environmental issues vs economic impacts of farming. Technology - Al to look at data & observations, past trends,
predictions for future

Climate change - is there a way to reduce the need for supplemental heat?

Flock verification - how to accurately count the number of birds in enriched or free run/aviary systems

Air Quality: Ammonia issues, dust, what is coming out of a barn? with respect to climate change.

Feathers in the feeders (causing blockages)

Preventing smothering in loose housing system (how & why the birds move the way they do)

Bird Health - detecting hot spots (fevers), early detection of diseases

Other methods of energy production for barns other than wind, solar

Broilers

Automation: Labour is biggest issue, example sanitizing barns (Hydroxyl is one trade name, water based, medical grade) using fans or misters; picking
up mortalities; culling; environment checks (temp, moisture, flighty birds poultry hoc to carry mortalities); id bacteria etc in barn and how to eradicate
Better ways to purify the barn environment (filter UV misting)

Options to lower heating cost

Catching units like turkeys have

Turkeys

Energy use, need to find alternatives, heat exchangers

Research to rate existing options, advantages and disadvantages (new research barn?) Ground/water heat source heat pump?




Hatching

More vaccines that can be administered in-ovo.

Chick sexing pre hatch

In barn hatching

Al grading of roosters

Automatic sorting in the pullet barn

Auto leak/crack detection of eggs. Identify soft shell eggs, hair line cracks, toe punches etc.
Auto fertility pre incubation (fertility checks that can be done in barn)

Sheep

Automation in general: the biggest challenge I can think of is the inability of both the cattle and sheep sectors to increase their cow, steer, heifer and
ewe numbers per labour unit. As an industry these haven’t changed much in the last 30 years. The work might be less physically demanding but the stock
numbers per person are the same. In most other sectors this is not the case.

1. Automated data capture: On-farm data capture still requires some degree of manual (or touch) entry
e (Can data capture be fully automated? Minimize or eliminate the need to manually enter / selection program options. Method to easily
incorporate market and slaughter data from auction marts, abattoirs.
e A second component of this is the analysis of on-farm data...many programs are great at recording data, but less so on the analysis side.
Visual presentation shows improvements/ changes in a more impactful format.
o Work with existing Canadian software companies to address these challenges
2. Design a better bale feeder (round and large square)
e Many different style of feeders currently (basket, collapsible)
e Besides useful life span, other issues include hay waste, mortality by crushing/ trampling and hanging and wool contamination
o Work with existing manufactures to address these challenges
Evaluate the feeders currently available to validate best and poorest
o Demonstrate to ON equipment manufacturers the impact of galvanizing over powder coating under our environmental conditions (inbarn
and outdoors).
3. Design a feed front that provides correct head space AND eliminates / reduces callous development on top of neck/shoulders
e Indoor housing systems use either a feed table or a bunk system for mangers. Specifically for the feed table systems, the feed front has a
horizontal opening that enables sheep to put their head through but prevent them from squeezing into the feed alley. The “neck rail” is
generally adjustable to accommodate replacements (smaller) and rams (larger head space needed). The neck rail (bar) is also set in-line with
the brisket board or off-set into the pen resulting in excessive rubbing and callous development on the neck/shoulder region.
o Design and validate a feed front that eliminates or greatly reduces this. Note that most feed fronts are currently built with 2x lumber and
steel upright supports.
4. Portable shade and wind break structures for grazing sheep that meet animal welfare needs (humane standards), is affordable AND minimizes
soil degradation.
e Providing adequate shade/shelter can be particularly difficult for producers who are grazing crop residue and cover crops in their
neighbourhood where fence rows and trees are few or non-existent.




e (Canadian Code of Practice for the Care and Handling of Sheep has a requirement for shade to be offered during periods when heat stress are
likely. As well, observations from producers grazing solar farms would indicate there may be positive production responses to offering
shade.

e For pasture-based lambing farms, Spring storms represent a risk of chilled neonatal lambs. Similar to shade, the ability to deploy windbreaks
where and as needed would improve welfare and survival in extensive lambing operations

o Design and validate portable shade structures that meet these criteria.

Opportunities
1. Forage based production in Eastern, Central and Northern Ontario
e There is considerable land across Ontario (including south-west eastern, central and Northern Ontario) that should never see a plow and certainly
not suitable for continuous cash cropping practices. These provide the opportunity for the existing land user to add livestock to their operation, or
a neighbouring sheep or beef producer to utilize as grazing with portable fence and water systems.
2. Silvo-pasture
e Again, perhaps a higher emphasis in eastern, central and northern Ontario to incorporate grazing into existing bush/ forested areas.
3. Vegetative Abatement — solar and wind farms, municipalities, government, private landowners including cover crop grazing.
e Province wide opportunity
e  OSF is currently developing (in conjunction with UofGuelph) training materials for existing and new producers that are interested in offering
these services, but don’t have the current capacity to do so.

Veal

None received

Aquaculture

Submersible net pens: Designing a floating net-pen in the Great Lakes that can be submerged 2m below the surface for 1 - 2 week periods while ice
moves around lake surface — The trend is to move net-pen sites further offshore in the Great lakes to take advantage of cooler water and more water
movement, but this brings additional challenges for lake freezing periods ("ice in" and "ice out"). Most net-pens worldwide are in marine environments
with (i) no freezing and (ii) more buoyancy in salt water. We need a made-in-the-Great-Lakes solution.

Recirculating aquaculture systems in Ontario face challenges with getting biofilters to work at cooler temperatures (typically cooler than other places,
like 10 or 12C versus 14 - 16C in more tropical places), and also continue to see challenges in proper "offgassing" or C02 in the water. The right solution
needs to balance the intricacy of fish health with adequate engineering.




