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Why renewable energy and energy efficiency for farms?

1. The technology has improve(dess expensive, more reliable, produce more.

easier / safer to interconnect and maintain).
2. The systems can be practical and may provide a reasonable financial retu
3. State and Federal incentives are available to farmers.

4. Ag commodity processors and retailers may place a premium (or mandate

low carbon footprint products.

5. Renewable energy fits the farming philosoph).andbased, creates

independence, may improve efficiency, production of a commodity).
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Strategic Objective:Reduce fossil energy consumption in production agricultur

Outline;

1. EnergyOptimized Dairy Facilities
- Design
- System components
- 10 kW Wind Turbines with Assembled Foundation and Self Raising Tow

2. EnergyOptimized Swine Facilities
- Design
- System Components
- Sow Cooling System with chilled drinking water and cooling pads

3. Using Wind Energy to Produce Nitrogen Fertilizer
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Energy Consumed in
Dairy Production:

1. Auditing energyonsumed in conventional and
organic production systems at WCROC

2. Modeling energyoptimized dairy facilities

3. Developing netzero energy dairy parlor with therma|\;

storage, solar thermal and PV systems, small wind

turbines, and energefficiency upgrades ':;_;———' =
4. Life cycleassessment ,-
5. Energyoptimized retrofit predesigns for commercial 18

dairies

6. New proposal for energy auditing commercial dairie
solar PV shade, and electric charging stations for
utility vehicles
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Dairy Overarching Goal:

_———
Develop a nekzero energy dairy where we \;
(————-g——’f

produce as much energy as consumed.
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Reducing Milk Harvesting Energy Use

wMilk Extraction

¢ Electrically powered vacuum
removes
20.4 liters milk (11.9 organic)

wMilk Cooling
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wSterilizing Equipment
¢ Facility is pressure washed witl
hot water
¢9ljdzA LIYSya A& O
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wGeneral Cleaning and Operations

¢ Average of 4 loads of laundry
per day

¢ Shower Facilities

Vacuum Pump
_3%

Lights

_Office
1%

_Pressure Washer
1%

2015 Energy Use (2900
MJ/Day)

Tallaksen et. al., 2016
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WCROC Milking Parlor

Thermal Energy Schematic

s Hot water Hot water
L milking L domestic & 12 Solar Thermal Collectors
pressure washer

Tankless | | Tankless
Electric Electric
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Heat Pump Thermal Storage
Chiller | @ - 2200 gallon, R-80

M UNIVERSITY OF MINNESOTA
A Driven to Discover




New Utility Room for Dairy Parlor Facility
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Thermal Storage Tank for Dairy Facility
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Thermal Storage Tank for Dairy Facility

Tank Volume = 2200
allons
'x5x12
Closed cell insulation, R-80 mémm

| From Heat Pump
i To Water Heater

L%Ewom

To Heat Pump

From Water Heater
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WCROC Milking Parlor

Thermal Energy Schematic

Heater

Hot water Hot water
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pressure washer
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54 kW Solar PV
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WCROC 10 kWenteraWind Turbines
Installation in Winter / Spring 2017

SPECIFICATIONS:

Wind Turbine Ventera

ModelVT1G 240

10kWat 29mph13m/s

Cutt InWind Speed: 6mpi2.7m/s,

SurvivaWind Speed: 13thph-58 m/s

TotalWeight of turbine and blades:

580Ibsc 263kg

3 blade, downwind,

Diameter 22feet-6.7m

SweptArea: 380 SF/35.25 SM

RPM: 270 peak,

Blade Glass fiber engineered plastic
injectionmolded

GeneratorRating 15kva240vac
at 250rpm, 3 phase

M UNIVERSITY OF MINNESOTA
Driven to Discover



WCROC 10 kWenteraWind Turbines
Base for Assembled Foundation
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WCROC 10 kWenteraWind Turbines
Base for Assembled Foundation
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WCROC 10 kWenteraWind Turbines
Installation in Winter / Spring 2017

SPECIFICATIONS:
Assembled Foundation
A 50,000Ibs of ballast for 70 foot
tower
A More ballast required for larger /
pole 7 B
A Site Prep s - T\
A Removed 4 feet of soil | — ke &7
A Added 4 feet of packed v - =
Class 5 gravel G
A 25 foot diameter prepped . £ -
A 15 foot diameter . e - —
foundation —— m———
A Foundation is 7 feet tall — = -
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WCROC 10 kWenteraWind Turbines
Assembled Foundation
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WCROC 10 kWenteraWind Turbines
Assembled Foundation

A
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WCROC 10 kWenteraWind Turbines
SelfRaising Tower
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WCROC 10 kWenteraWind Turbines
Installation in Winter 2017

M UNIVERSITY OF MINNESOTA
i Driven to Discover




WCROC 50 kW Solar PV System (TenKSolar Ground Mount)
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Flat Plate Solar Thermal System (Solar Skies Ground Mount)
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Predicted Renewable Energy Production
WCROC Dairy
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Total Hybrid Wind (2 turbines) 50 kW Solar ~ =====Total RE Production
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Modeled Dairy Results

Change in Energy Loads and RE Production
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MegaJoules

w Saves over 120,000 kWili/and eliminates natural gas usage
w Reduces Total Energy Load by#3
w Energy per Gallon of Milk Produced:

¢ 0.40 kWh, 43% Reduction
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WCROC Sow Cooling Project Design

1. Provides more effective sow cooling by:
A. Utilizing chilled water circulating through
pads which the sows lay on.
B. Providing chilled drinking water.

2. Sows are kept in their thermal neutral
comfort zone at 65 F and therefore should
have better feed efficiency and reproductive
performance

3. Heat rejected by the sows will be captured
and used in a fludbased heating pad for the
piglets (heat lamps providing supplementary
heat to piglets are one of the largest energy
consumers in conventional swine facilities).

4. System is powered by renewable electricity
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