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Overview

• Negative impacts of poor ventilation and heat stress

• Ventilation system options and design standards

• Focus on economics
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Herd Level Signs of Poor Ventilation & Heat Stress

• Milk yield crash in the summer

• Fertility crash in the summer

• Elevated SCC in the summer

• Elevated rates of health events –
variable timing:
– Mastitis in the summer
– Lameness in the fall
– Pneumonia in the winter

(problem of definition!)

Lying time impact: 
~3 h/d loss due to 
heat stress

Chen (Van Os) et al., 2013, 2016, Cook et al., 2007; Tucker et al., 2008; Jensen et al,. 2005; Hillman et al., 2005; Ansell, 1981; Legrand et al., 2011; Overton et al., 2002

Behavioral Heat Stress Consequence

(19ºC) (30ºC)
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Atkins et al. (2018). Transactions of the American Society of Agricultural and 
Biological Engineers (ASABE).61(5):1475-1485, 2018.

Cows accumulate heat when they lie down 
and cool when they stand

stand

Lie down

Overview

• Negative impacts of poor ventilation and heat stress

• Ventilation system options and design standards

• Focus on econimics
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Ventilation = the provision of 
fresh air to a building space

The fresh air displaces heat, 
moisture, noxious gases and 
airborne pathogens

6 Common Ventilation Choices:

1. Natural ventilation with fans over the stalls

2. Positive pressure hybrid ventilation – with fans pushing air into the barn

3. Tunnel ventilation with fans over the stalls

4. Tunnel hybrid ventilation with cupola fans and curtains

5. Cross ventilation with baffles over the stalls

6. Cross ventilation with fans over the stalls
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Ventilation 
System 
Options

Note: Hybrid systems 
retain elements of both 
natural and mechanical 
ventilation

Tunnel vs. Cross
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• 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

Ventilation System Decision Support
Type Climate 

Choice
Preferred 

Stall Layout 
Option

Relative 
Electrical 

Cost

Requirement 
for Fan 

Maintenance

Outdoor 
Access

Other Factors

Natural Ventilation variable 6 rows low low yes Location topography
Positive Pressure 
Hybrid

variable 4 rows low high yes High install cost, 
restricted design

Tunnel hot 8 rows high high no Barn length 
restrictions, winter 

air movement
Tunnel Hybrid variable 8 rows high high yes Barn length 

restrictions, most 
adaptable to range 

of climates
Cross Baffle variable 8-10 rows low low no Need retractable 

baffles
Cross Fan variable > 10 rows high high no Preferred for wider 

body cross vents
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Mechanical ventilation or use of supplemental circulation fans vs. natural 
ventilation alone increased milk production (+5.7-9.2 lb/d, 2.6-4.2 kg/d) 

(Matson et al., 2021)

Natural ventilation is still a good option in many situations and is 
an economically viable choice under variable climatic conditions
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Positive pressure hybrid 
provides seasonal flexibility

A low roof tunnel with polycarbonate sidewalls makes sense in a 
hot climate, but may not in a varied climate where winter 

ventilation can be a challenge
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Hybrid-Tunnel

The increased cost of building a hybrid tunnel is likely 
difficult to justify in a climate that is hot year-round, but the 

flexibility is advantageous in varied climates

Cross-Vent with Baffles
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Cross-Vents without baffles use fans to create the air speed in the 
stalls but this increases costs

Cross-Vent with Fans

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

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!
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Practical Design Recommendations

• 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
– Higher air exchange rates maybe required in hotter, more humid

environments than continental US

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!
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Does increasing air speed help cows rest?

Manipulate air speeds at cow
height using 2 x 51” diameter
Munters Aerotech VFD fans

2 fans/pen, each covering 8 stalls.

2 pens concurrently running one of
3 treatments (control, low and high
speed).

3-day acclimation period + 4 full
24-hour periods of data collection
per treatment (in a balanced order)

8 groups of 16 cows (128 total)

Kimberly J. Reuscher, Nigel B. Cook, Mario R. Mondaca, and Jennifer M.C. Van Os. USDA CARE project 1019684

Air speeds 
measured 
at 0.5 m 
(20”) high

Air Speed Map at 1.5 ft height by treatment

Low Speed (Fans @ 60% Max) High Speed (Fans @ 100% Max)

285 382 280

203 355 214

495 663 485

270 586 387

• Control (no fans): 79 40 ft/min, 0.4 m/s
• Low air speed: 335 98 ft/min, 1.7 m/s
• High air speed: 472 158 ft/min, 2.4 m/s

40 ft

Reuscher, Cook, Mondaca, & Van Os (accepted into JDS)
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• Air speed at cow resting height influenced daily lying time, vaginal temperature,
and milk yield under conditions of heat stress

• Positive impacts were identified at a mean air speed of ~340 ft/min (4 mph, 1.7
m/s), with some smaller additional benefit when air speed was increased to a
mean of ~475 ft/min (5.4 mph, 2.4 m/s). This is likely more important at higher
ambient THI

• These results indicate the need to provide a Minimum Cooling Air Speed (MCAS)
in the cow resting microenvironment
– Defined as a minimum of ~200 ft/min or 2.25 mph or 1 m/s measured at

resting height (18” or 0.5 m).
– Current research suggests diminishing benefits at ~400-500 ft/min or ~5 mph

or 2-2.5 m/s

• Increasing fan speed from 60% to 100% more than doubled the electricity cost!

Conclusions
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Fan Spacing
(Typical 48-55” (122–140 cm) diameter panel fans)

Target one fan per stall platform spaced 24-30’ (7-9 m) apart 
activated at ~68oF (20oC) 

Double fans or larger fans further 
apart at 40-60’ (12-18 m)

Less wiring and mounting costs

… or single fans closer together
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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!

Baffles create the required airspeed in the resting area in the summer, but need to be 
retractable in the winter in a cross vent barn to prevent condensation near roof

Down in the summer Up in the winter
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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!

Calculation of Heat Stress Losses
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In Madison, WI there are 77 days >T 68oF (20oC) and the 
calculated marginal cost of heat stress is $123/cow/year

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 ~$120 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
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Example: Ventilating an 800-
cow barn specified to 

achieve >40 ACH in the 
summer, >1,500 CFM/stall

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

How much does it all cost?

*Estimate HVLS fans cost $1.50 per day to operate for 200 days per year

Installation Costs
Type Cost per Fan

Circulation Fan 55" $800.00 
Positive pressure or cupola fan 36" $400.00 
Exhaust Fan 55" $1,400.00 
HVLS Fan $5,000.00 
Installation Cost $85.00 
Wiring Costs $350.00 

800-cow barn in 3 locations with
electricity at $0.10/kWh

Madison
WI

Jacksonville
FL

System Type
# 

Recirculation 
Fans

# Exhaust 
Fans

# Cupola 
Fans

# HVLS 
Fans

Total # 
Fans

Estimated Fan 
Installation 

Cost ($/cow)

Operating Cost 
($/cow/yr)

Operating 
Cost 

($/cow/yr)

Natural Ventilation 68 68 $104.98 $     23.10 $       69.30 
Positive Pressure Hybrid 192 11 203 $275.13 $     22.05 $       57.88 
Tunnel 68 53 121 $226.54 $     52.70 $     112.23 
Tunnel Hybrid 68 56 15 139 $249.11 $     55.68 $     116.11 
Cross-Vent Baffle 61 61 $139.92 $     40.50 $       66.10 
Cross-Vent Fan 68 56 124 $233.43 $     59.86 $     129.30 
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Fan Choice Example – One Manufacturer

Fan Choice CFM CFM/Watt # Exhaust Fans Install 
Cost/Cow

Operating 
Cost/Cow

55-inch (140 cm) 22,722 20.80 87 $227.21 $48.43
60-inch (152 cm) 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 (183 cm) 41,527 21.60 48 $199.79 $47.74

Tunnel ventilation for 1,560 cows at 40 ACH with fans over stalls in Madison, WI. Cost of heat stress $123/cow/year.

Note: Fan choice is not solely determined by CFM/Watt (e.g., 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

Data from 
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Poor 
Maintenance 
Consequences

Buildup on louvers can 
reduce fan efficiency by 
24% (Simmons and Lott, 
1997)

Other publications site 
maintenance reducing 
efficiency between 20-50%

Every fan installed must be 
cleaned and maintained!

Overview

• Negative impacts of poor ventilation and heat stress

• Ventilation system options and design standards

• Focus on economics
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www.thedairylandinitiative.vetmed.wisc.edu

Thank you! Email: courtney.halbach@wisc.edu

Sponsors
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Program

Workshop


