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Herd Level Signs of Poor Ventilation & Heat Stress

« Milk yield crash in the summer

Environment:
THI>68
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« Fertility crash in the summer Sehettare -
- Elevated SCC in the summer (\-__\fo\;‘a’m s—
- Elevated rates of health events — |
variable timing: el
— Mastitis in the summer - - )
— Lameness in the fall
— Pneumonia in the winter _—
(problem of definition!) R
Behavioral Heat Stress Consequence
Time spent lying (hours/day)
15 1 n . . .
. . Lying time impact:
21 Tt % ~3 h/d loss due to
o . L heat stress
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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
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Cows accumulate heat when they lie down
and cool when they stand
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Time of day [h]

Atkins et al. (2018). Transactions of the American Society of Agricultural and

Biological Engineers (ASABE).61(5):1475-1485, 2018.
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|+ Ventilation system options and design standards !
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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

Natural Ventilation
Open Ridge

At least 2.5 cm for every 3 m width of barn
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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 Preferred Relative Requirement | Outdoor Other Factors
Choice | Stall Layout | Electrical for Fan Access
Option Cost Maintenance

Natural Ventilation variable = 6 rows low yes Location topography
Positive Pressure variable 4 rows low hlgh yes High install cost,
Hybrid 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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ch ventilation or use of supplemental circulation fans v§. natural
ventilation alone increased milk productlon (+5.7-9.2 Ib/d, 2.6-4.2 kg/d)

(Matson et al., 2021)

Natural ventllatlon |s stlll a good optlon in many S|tuat|ons andis

an economically viable ch0|ce under variable climatic conditions
7Y TN
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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

o T

-

‘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

u
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stalls but this increases costs

Barn environment

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

Pen microenvironment

Stall microenvironment

10
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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. |t must be economical!

Dairyland Initiative
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Criteria for Effective Ventilation Design

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

Dairyland Initiative
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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

— Higher air exchange rates maybe required in hotter, more humid
environments than continental US

Criteria for Effective Ventilation Design

2. Target air speed in the resting microenvironment

Dairyland Initiative

IIIIIIIIIIIIIIIIIIIII ~-MADISON
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=
> ? ,,-?Does mcreasmg air speed help cows rest?

. Man;ptﬂﬁte air speeds at cow> "
belght using 2 x 51” glarﬁ@ter
L~ Munters Aerotech VFD fans

=

-
—

> =

=

2 fans/pen, each covering 8 stalls.

24-hour perlods of data collectlon -
per tge,atment (|n a balanced order) ;

v- 8 groups of 16 cows (128 total)

*v,ﬁac» T, et |

Kimberly J. Reuscher; Nigel-B..Cook, Mario R: Mondeca, and Jennifer M.C. Ve

Air speeds

measured |\

~at05m |
(20) high

\

nJOs. USDA CARE project 1019684

Air Speed Map at 1.5 ft height by treatment

Low Speed (Fans @ 60% Max)

High Speed (Fans @ 100% Max)
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* 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 @

Reuscher, Cook, Mondaca, & Van Os (accepted into JDS)
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Fans protected lying time

Lying time (hours/day)
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Fans kept body temperature normal
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Reuscher, Cook, Mondaca, & Van Os (accepted into JDS)
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Fans protected milk yield

Daily milk yield (Ib/day) Daily milk yield (Ib/day)
115 115
% 110 110 °
Q
=
© 105 105
Q
> (43.3 kg) ° o
~ 100 (43.1kg) 100 @ o o
= 95.0 Ibs/day 95.5 Ibs/day o oo © o 2
(41.3 kg) A A ) o o o
= 95  91.1Ibsiday - 95 = @
© : o
) B o o200, °% o
2] [e) o 9
> 90 90 o 0o®@
o O
< TS
85 85 o o
o
80 f— o 80
@ @ 62 64 66 68 70 72 74 76 78 80 82 84 86
Daily Max THI
Reuscher, Cook, Mondaca, & Van Os (accepted into JDS)
Conclusions

« 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!

15
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Fan Spacing
(Typical 48-55" (122—-140 cm) diameter panel fans)

24 ft (7.3 m) 24 ft (7.3 m)

P a— e — R
~20 ft (6 m) ~20 ft (6 m) before the air reaches the floor

before the air reaches the floor |

|
I I ~50 ft (15 m) before the jet loses momentum ~20 ft (6 m)

~50 ft (15 m)
before the jet loses momentum

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

16
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Criteria for Effective Ventilation Design

3. System should work as well across all seasons

L T |

Dairyland Initiative

UNIVERSITY OF WISCONSIN-MADISON

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

17
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Criteria for Effective Ventilation Design

4. |t must be economical!

Dairyland Initiative
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Calculation of Heat Stress Losses

Table 5. Fstimated annual production losses by dairy cows and durstion and extent of i jmirmum hest abatement
intensity.
Milk Annual
production Incresse in  Reproductive  Deaths to X .
DMI Reduction  loss aversge  Cull heat stress Heat stress  THI,,; ot
State (kgleow per yr)  (kgleow per yr)  daysopen  (per 1000 cows)  (per 1000 cows) _ (hiyr) (unitsfyr) 86:E- w#&m 2003. stock \ndus\r\es "
AL 648 1308 05 48 10e 2670 19233 ss by ys Live , and G S0 ccences
AR 611 1233 a10 445 25 2418 17552 Heat Stre spiere’, B DopartiorL S s, O 652
az 720 26 247 52 12118 sses from N.R suatn Uniorst, S Econbnsty
cA 121 a1 19 1039 5587 mic Lo Tha OH0 B catnre) 476 ZCT s,
Econo! Department ot ot Hinoss.
co 176 83 60 12 730 777 1 Uriversty
cr 157 81 58 12 7 3670
DE 461 187 169 s 1527
FL 1803 592 729 172 4361 28152
GA 1209 389 456 9T 2765 18448
Ty 176 156 az 1271
m 102 39 05 2558
IL 586 208 194 41 1498
N 714 30 170 146 a0 1333 051
KS o &7 215 228 48 1731 X
KY 207 271 217 1811 12810
LA 1028 2072 577 882 193 3881 27358
MA 50 200 04 71 15 3w
MD 212 128 175 154 3z 1458 8212
ME 30 05 455 7
MI 55 11 08 3455
MN 116 234 100 75 15 516
MO 464 936 200 318 67 1675 13,734
s08 1620 a0 G2 135 3 2288
MT 49 98 54 36 [y 537 237
NG 337 &7 245 235 n 1810 115865
ND 210 (X 13 dpa7
NE 352 0 219 214 a5 1376 10,300
NH 161 325 121 6 20 70 55
NI 127 256 7 9.2 19 1073
N 168 338 20 223 a8 1786 11208
NV 82 166 a9 64 13
NY 139 10 15 3280
om 150 0 a7 110 23 1145
0K 787 1486 408 519 111 2434 19349
oR 86 173 76 53 11 €39
PA 150 321 12 106 23 1061 G140
RI 71 43 78 12
sC 484 978 233 373 78 2847 15,768
D 261 87 147 a1 1108 7827
™ 378 761 28 268 56 502 12,684
™ £ 2007 539 737 159 3188 25507
ut &7 135 7.7 54 11 B0 3452
VA 311 21 23 08 43 1584 10502
VT [ 123 67 46 03 652
WA 82 166 70 ) 10 586 s127
WI 183 a7 13 76 3035
WY 216 436 174 148 a1 1357 5149
WY & 43 s 448 1811
ILS. Weighted Average 1218 463
THI,,_, is the integral of the daily THI sine curve above THI ymaq. which is the THI sbove which heat stress oecurs pual o o, $369 miltion. 299 pouldry '&d‘aﬁl;‘:“‘“ .:);Cw industries YO e mm’n:';‘fm\,\ts from
“7 or anicy, bl s"‘"“v,‘; xas, CaliforD e pinces ,,;dm e 78C. Host o, 0f 1]
o 5 ssggeon W€ PT ;o0 oy
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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 $123/cowl/year

Estimated Operating Costs

Energy Price ($/kW-h) 0.10
Barn Location
US ZIP Code state Location Lat Long Temperature Threshold (°F) Milk Price $/cwt
> % B 78.00
L Ll e = Sk Ib DWIb Marginal Milk TMR Price $/lb
0.44 vs 0.11
Exhaust Stage Set-Point (°F) Stage Days per Year Cumulative Exhaust System Cost per Hour Exhaust System Stage Operating Cost
Winter <32 9 s 073§ 1,656
<39 49 $ 175§ 2,054
<46 32 $ 284 § 2,159
<53 36 $ 382 S 3,307
<68 78 $ 492 § 9,178
‘Summer >=68 m s 612 § 11,232
Days: 365
Annual Operating Cost Marginal Milk Cost of Heat Stress
~
Total Annual Operating Cost Per Cow M1 1958 (Ib) per cow Milk '“p:"':.’_':" cow Loss () per year Loss ($) per cow per year
Exhaust System Cost $ 29,585 § 36.98
Circulation Fan Cost $ 14,962 § 18.70
Total Annual Operating Cost s 44,547 § 55.68 2.57 939 § 98,883 § 123.60

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

Modeleq t°'~vs«3;,;":;gs;gw Ventilation operating costs
Sruci +201g, .
mi‘f’é’ﬁ,f,’;’f{feraﬁn developed using 6-year
1 atin, i of gj er . .
e o0k 7 ey couy" Merens averages for daily min, max,
and mean temperatures by
US region

‘ W, a w m
®ar apg chap;, acily, i crica ap,
Mupy, yr e i i, vent & itilat iy, CORfrgy
oF tuppe “‘;’li} teq - from; g, ”ml;u,, oung gy, otllati "ding bog, i;f,"',’ Iﬂclnt';::
es; 31 tzm, 4 ang
ve ni. Visconet L (3gser
C ¢, r 1 c;";m with o];;)
* Howey, .
in, Vi s er, w,
Cows actop. . A0d gy ind -
Lrans Tage, g R o A0 ligy abilty, Installation Costs
Mpar, teen I lead € fung
; b s Seasopng 0 5 gy -
- Ay 0 c rat Owip,
19212 30 o0l by, (614 kY 10 ion fp, € ang ns ¢ “Chane. Y Prog, g Total Per Cow
2 » g ’ N Spa P, Proy; a, Toducery
32,60 0(3(3’3 kw’-h]) Tangeq [rum‘ s’i), o a 1:(.:.u e *p(]fv ; Propriate oy e an ‘(:;mm"’" m?n'\ £ Exhaust Fans =
osts dye 26 kw 1) oﬂnd a naz.,,.u”"' (79, k:{ fune. daj Urreng Pregies: S in t, anj e v ﬂlil;.[,-o'; Cost per Exhaust Fan $ 1,400.00
neftggg O a0 .‘dmm?l. @15 (::’:‘s'ign 'Z'nznd?) to p 1;":).\ mod"cua,',"':m of the g Ml 0cCup ey # Circulation Fans
t g ro : y
Tating coi™ eCon 0"",0:’0 € Crog,., i' i h“:’ inclyge Ol’hfs’) bills, “;‘"muau}. ba ¢ energ,, dem, Cost per Circulation Fan $ 900.00
:"nu(s, mﬂ-s ,mu,._‘”:‘ ‘f scale Nlilateq ), "8 tiop Todg Cr fary, acu:, i""('cu(rﬁa, the ﬂm],a;.‘-d f # Total Fans 43
uch ¢, e, mecp,, " Htilat, Simj) hat fyp, € €t al., 90,10 uppey € becayg, 0SS of Cost of Wiring Per Fan $ 350.00
in } as hanjcyy S i A tha, 7€ rese, 17) ated g o it may J
» in ":_l’l clin Natyry) syst, Vstemy " larg .""" are apy. lodrch shayjg [Oflc <t al_ (s I")"Ik Prodye, Cost of Installation Per Fan $ 85.00
i lates o, I, twj “ s Preg;, Cug - A<UI7) ~ i
Cllciapgy, - limates g ¥ apppot 21 opey 1 Opery o COngypeict the distrgy. BeVelopiy lided Total Cost of Installation $ 78,905.00 $ 98.63
ation o2 4 incra, " CCting 5 g Mately go 7€ use ™ OF e p OB in gy, M 0Ution o F Models
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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
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How much does it all cost?

Madison Jacksonville
wi FL
# Estimated Fan n Operatin

System Type Recirculation # E:ah::St # (;:';::Ia #; Y_:;s T::lls# Installation Op&'}it‘;':vgly?r & p(:ost ¢

Fans Cost ($/cow) ($/cowlyr)

Natural Ventilation 68 68 $104.98 $ 23.10 $ 69.30
Positive Pressure Hybrid 192 1 203 $275.13 $ 22.05 $§ 5788
[Tunnel 68 53 121 $226.54 $ 5270 $ 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

Installation Costs
Type Cost per Fan
800'COW ba rn | n 3 |OCatI O n S Wlth E!g:ilj%?ezgg?or cupola fan 36" 5255;020
xhaust Fan ,400.
electricity at $0.10/kWh o
\Wiring Costs $350.00

*Estimate HVLS fans cost $1.50 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 $123/cow/year.

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

55-inch (140 cm) 22,722 20.80 $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

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

patatom (V) Munters
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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!

|

- e—
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Overview

'_j 'Negative"_i;npacts of poor ventilation and heat stress

* VVentilation system options and design standards

* Focus on economics
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School of Veterinary Medicine MODULES v

) Dairylandlnitiative

UNIVERSITY OF WISCONSIN-MADISON

www.thedairylandinitiative.vetmed.wisc.edu

Thank you!

SERVICES
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Dairyland Initiative

UNIVERSITY OF WISCONSIN-MADISON

Email: courtney.halbach@wisc.edu
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Sponsors

Premier
Sapido

Program
\ ®
§ SaveCows.om

Dedicated to Animal Well-Being. Fostering Hoof Health.

Workshop
QVES-Artex & Munters

.8
Cipmmeiten m

Kestrel

Instruments

7 [.3

Manufacturing

5B,

4dbarn.com
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