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Natural ventilation is still a good option in many situations and is
an economically viable choice in a moderate climate
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Natural Ventilation /j\

Principles E\/ o \°Ve'"e"\/|

Winter Ventilation — No Wind Outside

1. Open ridge - 5 cm per 3 m width

:— - —_— — —

2. Open eaves - 2.5 cm per 3 m width x 2 D, ™~
3. Adequate interior roof slope - 1:4 C ‘;_W?Xg.-tum ) R
minimum, smooth —_ —

Winter Ventilation — Wind Blowing

4. Free from wind shadows (no obstruction

W|th|n 30 m) Ridge Vent Removes
ot Air Near Roof
5. East to West orientation (to capture /( .

=T S~ e~

winds from the SW) — 7 —

| — . 2 ] —

Summer Ventilation — Sidewall Doors Open



Barns with a closed ridge do not naturally ventilate!




Inadequately sized openings




Sometimes the Wind Doesn’t BIon!

[MSN] MADISON 2
ql Windrose Plot [Time Domain: Jul,] - 49 NE
\JEM ¢ Period of Record: 01 Jul 1970 - 31 Jul 2015 :
Obs Count: 34433 Calm: 19.9% Avg Speed: 6.8 mph 3.7
2.5
/.
Still air 19.9% of time AN BY:
. . . -‘*-_.L\_‘v?,‘ \;
in July in Madison PSRN 2
W i ‘ o E
| AN
Generated: 11 Oct 2015 é
Wind Speed [mph] \ ' .
BN Els7 70 1015 520 [ 20+ QPSP B
L)

SE

Winds predominantly
from SOUth and SW 3 July winds in Madison, Wisconsin




2 mph (1 m/s)
wind CFD model







Ventilation
System

Natural

Positive
Pressure

Negative
Pressure




Negative Pressure Systems

Tunnel Ventilation Cross Ventilation
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Criteria for Effective Ventilation Design

1. Sufficient air exchange to remove heat, dust,
noxious gases, and moisture from the barn

2. Target air speed in the resting microenvironment

3. System should work as well across all seasons

4. It must be economical "y

Dairyland Initiative
UNIVERSITY OF WISCONSIN-MADISON




Minimum Cooling Airspeed (MCAS)

Defined as a minimum of ~200 ft/min or 2.25 mph or
1 m/s measured at resting height (1.5 or 0.5 m).

Current research suggests diminishing benefits at
~400-500 ft/min or ~5 mph or 2-2.5 m/s.



Ventilation System Decision Support

Type Climate Preferred Relative Requirement Other Factors
Choice | Stall Layout | Electrical for Fan
Option Cost Maintenance
Natural Ventilation variable = 6 rows lowest lowest yes Location,
topography
Positive Pressure variable 4 rows™ low high yes High install cost,
Hybrid restricted design
Tunnel hot = 8 rows high high no Good for remodels,
excellent heat
exchange
Tunnel Hybrid variable = 8 rows high high yes Adaptable but at a
cost
Cross Baffle hot 8-10 rows lower lower no Efficient,
evaporative cooling
potential
Cross Fan hot > 10 rows high high no Preferred for wider

body cross vents



All 6 options can be designed and installed to operate
effectively

They can also easily be designed and installed incorrectly
to fail!

Some are better choices than others under different
climatic, social, and economic circumstances

Where electricity is expensive (2-4x US), the cost of heat
stress must be high or the barn very large to justify
mechanical ventilation options



So, what do the options look like?



Positive Pressure Tube Ventilation
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Popular in moderate climates where electricity is expensive







Tubes can deliver targeted fast-moving air,
but volume and distance is limited by fans
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Hybrid-Tunnel
- curtains, open ridge and fans
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The increased cost of building a hybrid tunnel is likely
difficult to justify in a climate that is hot year-round, but the 4
flexibility is advantageous in varied climates
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Tunnel
with
outside
feed lanes
and fans
over stalls
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A low roof pitch (1 or 2 in 12) tunnel with polycarbonate side walls
and fans over the resting area
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Polycarbonate side wall panels
— easler maintenance and
lower cost than curtains!




Inlet location — prefer
end wall vs. side wall
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Retro-fit Tunnels N\
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Cross-Ventilation




Cross
ventilation
with
baffles
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fans to create the air spd in the taIIs :




CFD Cross-Vent Barn

Air moves perpendicular to
the feed lanes

Air also moves down the
cross alleys and short
circuits between fans

0.60
0.57
0.54
0.51
0.48
0.45
0.42
0.39
0.36
0.33
0.30
0.27
0.24
0.21
0.18
0.15
0.12
0.09
0.06
0.03
0.00
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Steel or curtain baffles?




Problems Between the Baffles

ANSYS

R16.2
Academic

e

Air trapped between baffles L}(

0.00 1.61 322 5.36
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Down in the summer

Up in the winter

Use of baffles to create the required air speed in the resting area creates an operation
advantage for a cross-vent barn, but they need to be retractable in the winter




Types of Ventilation Systems - Calves

* Mechanical
 Positive Pressure

» Fans force outside air into a
building. Air passively escapes
through openings or is
extracted using exhaust fans
(‘neutral pressure’)

* Negative Pressure
» Fans exhaust air from a
building creating a negative
pressure which draws fresh air
in through designed inlets

==
)
=
]
=

 Natural

» Supplemented with positive
pressure tube ventilation (PPTV)




Summer PPTV
Systems

« Designed to deliver 15+ ACH
and minimum 100 ft3/min (170
m3/h) per calf

« Target 300 ft/min (0.3 m/s) at 2
feet (0.6 m) above the floor
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Ventilation standards are based on a flawed
principle....

AIR DOES NOT DISTRIBUTE EVENLY
THROUGHOUT THE BARN SPACE!

(Especially in the winter!)



Systems
must
function to
ventilate the
COW space
not just the
barn space!

Barn environment

Pen microenvironment

Stall microenvironment



What is sufficient air exchange (summer)?

Ventilation rate Ventilation rate
(m3/h per animal (CFM per animal Specified for
unit unit

“ MWPS-1 1983 453 kg (999 Ib) cow Hot weather rate

798 470 MWPS-7 2013 635 kg (1400 Ib) cow Hot weather rate 13
1000 Tyson et al. 2014 and Gooch 2009 - Summer rate 29
1052 MWPS-1 1983 453 kg (999 Ib) cow Alternative hot weather rate 30
1403 Nordlund 2003 - Minimum hot weather rate 40
m 1500 Tyson et al. 2014 - Summer rate 43
_ 2104 MWPS-7 2013 635 kg (1400 Ib) cow Alternative hot weather rate 60
_ 3506 Stowell et al. 2003 - Hot weather rate 100

. So somewhere between 9 and 100 ACH and 500 to 6,000 m3/h per cow!



L T |

v iave P FACtICAI Design Recommendations
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Sufficient air change per hour (ACH)
— 4-8 ACH winter
— 40-60 ACH summer (~40 ACH for tunnels, ~50 ACH cross-vents)

Sufficient air exchange per unit body weight for summer
— ~1,500 CFM (~2,550 m3/h) per adult cow

Cross-sectional airspeed
— Only useful for cross-vents with baffles, aim ~400-500 ft/min (2-2.5 m/s)

Inlet speed

— Maintain an inlet speed ~500-800 ft/min (2.5-4.0 m/s) to ensure good mixing
of air without limiting air flow to the fans
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Heat Stress Losses - Lactating and Dry

Table 5. Estimated annual production losses by dairy cows and duration and extent of heat stress periods under minimum heat abatement

intensity.
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State (kgfcow per yr) (kgfow per yr) daysopen  (per 1000 cows) (per 1000 cows) (hir) (units/yr) e 86:(E- Supp .)}.\S ociation. 2003. to ck ‘“duS“ eyt
. - - e * “
AL 648 1305 405 488 104 2679 19,233 J- D‘m{.\can pairy Scien® ss by U Lives panov", and Mﬁﬁ;‘\swmg
AR 611 1233 37.0 445 95 2418 17,652 ® Ame Heat Stre _pierre”, B. COP%.5parment o oH 4324
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CA 145 293 12.1 9.1 1.9 1039 5587 Econo‘“‘c Lo The OO, Agwm'“‘;'“ﬁmas. urbana, 'L
co 88 176 8.3 6.0 1.2 739 3777 1Departme™ % varsity
CcT 78 157 8.1 58 1.2 785 3670
DE 220 461 187 160 a5 1527 8802 §728 mil-
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In Madison, WI there are 77 days >T 68°F (20°C) and the
calculated marginal cost of heat stress is $142/cow/year

Estimated Operating Costs

Energy Price ($/kW-h) 0.15
Barn Location
US ZIP Code State Location Lat Long Temperature Threshold (°F) Milk Price S/icwt
68 s 20.00
gres e Mackwor w4 ot 1b DM/Ib Marginal Milk TMR Price $/ib
0.44 s 0.11
Exhaust Stage Set-Point (*F) Stage Days per Year Cumulative Exhaust System Cost per Hour Exhaust System Stage Operating Cost
Winter <32 94
<39 49
<46 32
<53 36
<68 78
Summer »>=68 17
Days: 365

Annual Operating Cost Marginal Milk Cost of Heat Stress

-
Milk loss (Ib) per cow Milk loss (Ib) per cow
Total Annual Operating Cost Per Cow Loss ($) per Loss ($) per cow
perating per day por year ($) per year (S) pe per year
Exhaust System Cost S - $
Circulation Fan Cost s - $
Total Annual Operating Cost $ - $

2,57 939 § 71,194 § 142.39

Assuming that the loss per cow is an underestimate of the true cost of heat
stress and poor ventilation, if the operating costs per cow per year are less
than ~$142 for this location, then we consider the system economically viable




Ventilation operating costs
developed using 6-year
averages for daily min, max,
and mean temperatures by
US region

Installation Costs

Total Per Cow

# Exhaust Fans 43

Cost per Exhaust Fan $ 1,400.00

# Circulation Fans

Cost per Circulation Fan $ 900.00

# Total Fans _ 43

Cost of Wiring Per Fan $ 350.00

Cost of Installation Per Fan  § 85.00

Total Cost of Installation $ 78,905.00 $ 98.63



Example: Ventilating an 800-
cow barn specified to
achieve >40 ACH in the
summer, >2,550 m3/h/stall

Design solutions for housing 800 cows in 4 x 200-cow pens




How much does it all cost?

Madison Jacksonville
wi FL

# Estimated Fan . Operatin
System Type Recirculation # EanhnaSust # g:ﬁ:la #I:.Ia \rIlI;S T:;?]IS# Installation Op((;r/itcl)r‘:vg;y?; st pCost ?
Fans Cost ($/cow) ($/cowlyr)

Natural Ventilation 68 68 $117 $ 28 $ 83
Positive Pressure Hybrid 192 11 203 $415 $ 46 $ 118
Tunnel 68 57 125 $285 $ 84 $ 175
Tunnel Hybrid 28 64 19 111 $353 $ 82 $ 160
Cross-Vent Baffle 70 70 $207 $ 64 $ 107
Cross-Vent Fan 68 56 124 $282 $ 80 $ 168

Installation Costs
Type Cost per Fan
. . . Circulation Fan 55" $800.00
80 O-COW ba rn I n 2 I Ocatl O n S Wlth Positive pressure or cupola fan 36" $500.00
Exhaust Fan 55" $1,800.00
Py HVLS Fan $5,000.00
eIeCtrICIty at $O . 1 5/kWh Installation Cost $120.00
Wiring Costs $450.00

*Estimate HVLS fans cost $2 per day to operate for 200 days per year



Fan Choice Example — One Manufacturer

Tunnel ventilation for 1,560 cows at 40 ACH with fans over stalls in Madison, WI. Cost of heat stress $142/cow/year.

Fan Choice CFM/Watt Install Operating
Cost/Cow Cost/Cow

95-inch 22,722 20.80 $227.21 $48.43
60-inch 26,800 17.20 74 $211.92 $54.71
60-inch 30,300 16.40 66 $202.51 $56.58
60-inch 36,900 13.10 54 $200.39 $66.00
72-inch 41,527 21.60 48 $199.79 $47.74

Note: Fan choice is not solely determined by CFM/Watt (eg. air flow ratio, mounting requirements, noise level etc)



Electricity Cost - Variable Frequency Drives

# of Fans Model Speed Setting KW/Fan Total KW Cost/HR  Hours Runtime Est. Cost/YR

1 AX51DG43-HR 100% 1.337 1.337 $0.15 4380 $644.17

1 AX51DG43-HR 60% 0.665 0.665 $0.07 4380 $320.40
DIFFERENCE  $323.77

Power Cost 0.110 PER KWh

40% lower speed,
but 50% lower cost! patatrom (M) Munters



Cleaning and Maintenance!!

| « Buifdup on-feuvers
e can reduce fan
—— 8 R | S — i
— == == — efficiency by 24%
P ol ] e e | [ (Simmons-and L:I:.‘..l%?
e ——— ———— (e ——

Every fan you install is a fan you must clean and maintain!



Other Important Considerations

« Noise and vibration
» Odor control

- Fan maintenance
+ Aesthetics

 Abillity to let the cows outside



Be respectful to your neighbors!

-
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