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TAIWAN PIG PRODUCTION STATISTICS

xR3I BEFBARRERS

Table 3. Per capita consumption of red meat, poultry and fish, 2012~2020

B8 : »nfr / A (kg / person)

=E=EMAiE Red Meat & Pouliry
[ =5
Vear | mmy | sm | ®m | me | me | 2= | BF ot
Pork Beef Mutton Poultry Others sub-total

2012 37.18 4.39 1.03 32.54 0.03 Ffo17 19.39 094.56
2013 34.94 4.84 1.04 30.63 0.04 71.50 17.89 89.39
2014 35.44 5.16 1.21 33.70 0.05 75.56 18.89 94.45
2015 37.56 5.07 1.12 34.26 0.05 78.06 14.52 02.58
2016 35.66 5.69 0.96 34.63 0.04 76.99 13.86 90.84
2017 36.50 H.88 0.97 34.26 0.05 fr.e7 12.39 90.06
2018 r 37.25 6.41 1.11 38.57 0.06 83.40 16.71 100.11
2019 36.84 6.83 0.94 40.16 0.07 84.84 12.75 97.60
2020

I rRTELES " " ROBUETASERELEEE -

MNote: " r " stands for the revised figure and " _.. " stands for the unclear numeric value or no Information available.

EHEERE  EEHEEE - TERERESE

Source: Food Supply and Utilization Yearbook, Council of Agriculture, Executive Yuan.
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Figure 5. The trend of pig inventory, 2012~2020
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SOIL/ROCK DESCRIPTION

SPT N-value (blows per 30cm penetration)

3

CLAY, silty, high plasticity

CH

Core Sample Number (rock or hard soil)

o]

CLAY, sandy, medium plasticity

CL

P

i

SZ WT Water Table (not reached)

Siltstone /Sandstone, highly weathered

RK
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Average High and Low Temperature in Samal

& Link & Download Compare History: 2022 2021 2020 2019 2018 2017 2016 2015 2014
cool hot
ek B T R SRR St S R T ks
35°C - jgg%g _____ 32;’(: o 35°C
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Srer S | B L G
s ARG 25 0 A57C 2478 5
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57C 57
0°C i | ' 0°C
=57C ~5°%C
A0°C -10°C
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-20°C Nc -20°C

Jan Feb Mar Apr May Jun Ju Aug Sep Oct Nov Dec

The daily average high (red line) and low (blue line) temperature, with 25th to 75th and 10th to
90th percentile bands. The thin dotted lines are the corresponding average perceived
temperatures.

https://weatherspark.com/y/141419/Average-Weather-in-Samal-Philippines-Year-Round
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Mixtank tank dimension /connections

Drawing:
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Primary digester tank dimension fconnections

Drawing:
85.001-101-CM201
Mixtank tank dimension /connections
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4.184

20 1.9-2.3 0.88 0.8-1.4
- 20 7.28 0.461 A8
- 20 1.35-1.45 0.84-1.17 0.13-0.29

25 1.87-1.90 0.846 1.52
20 0.97 1.6 0.2

https://heater.heat-tech.biz/tc/infrared-panel-heater/science-of-the-infrared-rays/7747.html
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Terms & Definitions

combination of elements (at

All(}y least 1 metal) in solid-solution
with overall metallic properties

combination of other materials.

CO mp()Site where the mixed materials

remain physically distinct

combination of elements with

Compound chemical bonds, with very different

properties from it's base elements

00000
00000
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L Jo] ol
00000
0000®

https://msestudent.com/the-difference-between-alloys-and-composites-and-compounds/
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Room Relative humidity
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e - Heat stress alert
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23°C T B
- No heat stress -
22°C e B
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https://onswine.wordpress.com/2019/07/15/avoid-production-losses-in-swine-due-to-heat-stress/.
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Piglets in the farrowing unit requires 35°-28° Celsius depending on age and house design

v Weaners require from 28° to 20° Celsius depending on weight

Finishers require from 22°-16° Celsius depending on weight and floor layout

'C
I New-born
40-

_ Weaning. Transfer
~~  to weaner unit

35 -

30 - Optimal temperature

/ range of the pigs

25 - Upper critical

20 - temperature

15 A ‘ Thermo-
neutral zone

Optimal temperature

5/  range of the sow Lower critical

temperature

0—'— 1 | al——1% K |- - L_..’

5 20 50 70 90
Weight in kg

The impact of heat stress on
finishers:

Increasing respiratory rate

Extending body contact to the floor
(for cooling)

Drinking more water

Inactive

Avoid physical contact with other
pigs

Increase evaporative heat loss by
wallowing behaviour

Feed intake declines
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35% of feed energy is used for growth (1)

/ 20% for maintenance, 20% for heat and 25% for urine and faeces.

v When feed intake declines, it has a big impact on average daily gain (ADG):

—A—75 kg of BW =8=50 kg of EW -€-25 kg of BW

.! -

14 16 18 20 22 24 26 28 30 32 34

Ambient temperature, °C
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Variable
inlets

Ventilation rate (m3/hour)

Cooling

Tunnel ventilation

External heating system (W)

Outdoor temperature



Tunnel ventilation + CELdek® pads As an example, when the outdoor temperature is 32°

’ Celsius and the relative humidity is 50% the CELdek®
/ pads can easily cool down the incoming fresh air to 26°
Celsius and as mentioned before the wind speed from

the tunnel can give aJchill effect pf 6.5° Celsius so the
temperature felt by the pigs will be 19°-20° Celsius. This

is optimal temperatures for sows and finishers, and the
high productivity in the farm can be maintained.

32C-50%RH

IN: T 26.6°C (80°F) - 68% RH

OUT: T 40°C[104°F)i- 20% RH

https://www.youtube.com/watch?v=ntFFOzoWO7c

When the room temperature is 26° Celsius the air speed created by funnel ventilation will reduce the effective temperature felt by the pigs with
6,5° Celsius. That means the temperature felt by the sows and finishers will be 19°-20° Celsius, ensuring the optimal production results.

https://www.munters.com/fr/campaigns/aghort-campaigns/combi-tunnel-ventilation/



IN: T 26.6°C (80°F) - 68% RH

OUT: T 40°C(104°F) - 20% RH

httos://www.voutube.com/watch?v=ntFFOzoWQ7c¢



WED Table

24 o6 [28 30 a2 34 f3s 38 [40°C]
50 % 7 (739 778 @16 854 891 927 962 996
55 [623 B57 632 725 758 791 822 853 B.&2
60 |547 577 607 637 666634 721 747 772
5 (473 493 525 [551 675 593 622 644 BES
70 fsor 423 445 467 487 507 526 544 561
33 (343 367 385 401 417 433 447 (46
26 275 |29 304 (318 (33 (341 (352|361
192|204 (215 (226 (236 |244 (252 (259|265
126 133 14 143 155 161 165 163 172
064 063 073 076 079 08 081 08

I I I — [ 0

WBD (Wet Bulb Depression) = dry bulb Temperature — wet bulb Temperature

AT = WBD * Efficiency
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Pad&Fanf & %1 A 2848 722 ]

Probability of ocowrence for the selected locations of Tarwan, _— ——
City (location in Tatwean) T=30C HHEED%KI =300 & RH=20%

Taipe1 (Morthem tip) 11.42°%  20.127% 0.092 %
Hualien (HMorth of East coast) 6.7 da B3 031
[lan (Morth of East coast) T.45 ae 25 .45
TEIJIIE.T‘ ULy 1y (R o R R | 11 < o1 &0 I:Idj

m ._.rj/mﬁﬁ- %KEH%‘@/E 038
Chiayn (south of west coast) #El 1 0 0.12
Tawchung (Center of west coast) 1039 45 51 0.01
L hishan (rountain area) 000 13.32 0.00
Tartung (South of East coast) Qa5 2007 025
Whacha (Center of west coast) a1 47595 .35




Outside air temperature, °F

Air temperature drop thru a Cooling Pad

Relative humidity of outside air

100
30% RH — = // / / /
~35¢C
50% RH ,
80 70% RH
- - 90% RH
80 - | EEap Ay (s
| S5 I A SR o
5 / 5 A KB T 539K cal B
\ | l I | ] |

Temperature of cooled air, “F

https://www.researchgate.net/figure/Cooling-potential-of-85-
efficient-evaporative-cooling-systems_fig4 237365768



Saturation efficiency [%]

100

8

70

Saturation efficiency CELdek 7060-15

I

[ 4
' 4

/]

Air velocity [m/s]

Delta T@[150 -1.5m/s]
=(40-22)*76.4%
=13.75degC

Temp in house=40-13.75=26.3degC



Effective Temperature for Poultry and Pigs in Hot Climate
Abstract

Existing knowledge on the relative significance of air temperature, humidity, and veloc-
ity in a hot environment for housed pigs and poultry is reviewed and synthesized in an
effective temperature (ET) equation. The suggested unit has an easily perceivable scale
where ET is equal to air temperature if the relative humidity is 50% and the air velocity
is 0.2 ms !. The included method to determine the relative significance of air tempera-
ture and humidity is similar to the way it is done in the Temperature Humidity Index.
Several authors have suggested different Thermal Humidity Indices for different cate-
gories of animals, but this chapter found no evidence that the relative importance of
temperature and humidity is ditferent for pigs than for poultry or for large than small
ones. The suggested ET equation includes a separate velocity term, which assumes that
the_chill effect is proportional to the air velocity or to the square root of the air velocity
and that the chill effect declines linearly with increased air temperature until it becomes
insignificant as the air temperature approaches the animal body temperature.

Keywords: effective temperature, heat stress, thermal humidity index, air velocity,
poultry and pig production

Animal Husbandry and Nutrition .
Effective Temperature for Poultry and Pigs in Hot Climate 25 . U'"i:ﬁrfiﬁ'ff“m"m}i"__I_‘ Q oo ' i
http://dx.doi.org/10.5772/intechopen.72821 '



Effective Temperature on Animal in barn with tunnel ventilation

Meassured dry bulb temp: Tdb 26.5 Link to Omni claculator for webbulb temp:
Meassured Relative Humidity: RH 86% S:/[WWW icalculator sics/wet-
Wet bulb temp From Table: Twb 246 [103 JRu=50%
Constant of Eq. ¢ 0.7
Constant of Eq. d 43
Constant of Eq. e 0.5
Meassured/Designed:}v 1.5 m/s air velocity
Original Equation: ET= 0.794*Tdb + 0.25*Twb + 0.7
Calculation: ET= 26.6 while RH=50% for equation check
Modified Equation: ET= 0.794*Tdb + 0.25*Twb + 0.7 - c*(d - Tdb)*(v/e - 0.2%%)
Calculation: ET 18.91 degC temp felt under air velocity v(m/s)
Reference:

dependency with velocity (e = 1 or 0.5). The best quadratic correlation (r-square value of (.97)

was obtained atc=0.7. d=43°C. and ¢ =0.5

Ll 0.7941 5 + 0.25L.4 + 0.70 — cld — L) (T 0.2 (/)
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2950 Niles Road, St. Joseph, MI 49085-9659, USA
269.429.0300 fax 269.429.3852 hq@asabe.org www.asabe.org

Modeling skin temperature to assess the effect of air velocity to
mitigate heat stress among growing pigs

ABSTRACT. [t is generally accepted that increased air velocity can help to mitigate heat stress in livestock housing,
however, it is not fully clear how much it helps and significant uncertainties exists when the air temperature approaches
the animal body temperature. This study aims to develop a skin temperature model to generated data for determining
the potential effect of air velocity to mitigate heat stress among growing pigs housed in warm environment. The model
calculates the skin temperature as function of body temperature, air temperature and the resistances for heat transfer
from the body to the skin and from the skin to the surroundings. The latter is modelled as the united resistance for
convection, radiation and evaporation. The model considers that the thermal heat load affects the tissue resistance, the
body temperature and the evaporation from the skin, which is managed by modeling the tissue resistance, the body
temperature and evaporation from the skin as functions of the skin temperature. The results indicate that the combination

of an air temperature of 24 °C and an air velocity 0.2 m/s results in the same skin temperature as the combinations of 27
°C and 0.6 m/s, and of 30 °C and 1.9 m/s.

Keywords. Effect of air velocity Effective temperature, Heat stress, Pigs, Skin temperature.

Bjarne Bjerg Poul Pedersen Svend Morsing ' Guogiang Zhang
A *  University of Copenhagen L SKOv SKOVA/S Aarhus University
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Development of a model to simulate a heat stress related response.

Heat stress is related to several physiological parameter as heart rate, respiratory rate, body temperature and skin
temperature. Among these, skin temperature has the advantage that it 1s affected by thermal conditions both at high and
lower heat load, and therefore it occurs most relevant to investigate the possibility to model the skin temperature.

The skin temperature (tuin,°C) 1s related to body temperature (thoay,”C) ambient temperature (t,°C) tissue resistance (Riissue,
°C m? W), and resistance from the skin to the surroundings (Reouw, °C m? W) as illustrated in Figure 5 and can be

calculated as:

SR ] P RIS R U e  F HBE

Table 2. Two dataset generated by calculating skin temperatures at 5 levels of ambient temperature and 5 levels of air velocity for two

different assumption for skin temperature at 0.2 m s, see Figure 8.

Data set

1

2

Skin temperature at 0.2

As Huynbh et al. (2005)

Alternative assumption

m/s

Body temperature Eq. 8 Eq. 12

Tissue resistance Eq. 11 Eq. 13

Air velocity, m s 0.2 0.5 1.0 2.0 3.0 0.2 0.5 1.0 2.0 3.0

Ambient 20 343 334 324 31.1 30.3 355 34.0 322 299 28.5

temperature, °C: 24 352 345 33.8 32.8 32.1 36.5 35.7 34.6 32.9 31.8
28 36.4 35.8 35.1 34.4 33.9 37.7 36.8 36.2 353 34.6
32 374 37.0 36.7 36.2 35.8 39.1 38.5 37.8 37.0 36.6
36 38.5 383 38.1 37.9 37.7 40.0 39.8 39.6 39.2 38.9

24°C -0.2m/s > 27°C-0.7m/s » 30°C -1 .9m/sHYRS A —H%
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Figure 11. Estimated skin temperature as function of ET for the two data set mentioned in Table 2 (c=-1, d=42 and 2=0.28).

ASABE 2017 Annual International Meeting Page 8



Meassured dry bulb temp:
Meassured Relative Humidity:
Wet bulb temp From Table:
Constant of Eq.

Constant of Eq.

Constant of Eq.
Meassured/Designed:

Equatioon
Calculation
Chill effect

Effective Temperature on Animal in barn with tunnel ventilation

Tdb 26.5 Link to Omni claculator for webbulb temp:
86% hitps://www.omnicalculator.com/physics/wet-bulb
Twb 24.6 | 19.3 | RH=50%
c -1
d 42
e 0.25
A 1.5 m/s air velocity
ET= =Tdb+c*(d-Tdb)*(v e-0.2"¢)
ET= 19.7 Deg C
6.8 Deg C

Table 4. Chill effect of velocity calculated by Eq. 1, assuming ¢c=-1, d=42 °C and e=0.25.

Air velocity, m s™!

0.2 0.5 1.0 2.0 3.0
Ambient 20 0 4 7 11 14
temperature, 24 0 3 6 9 12
°C: 28 0 2 5 7 9
32 0 2 3 5 6
36 0 1 2 3 4

ET = tumbient T C(d - tambient)(ve - 0-26) (1)




The effect of air temperature, velocity and humidity on respiration rate and

rectal temperature as an expression of heat stress in gestating sows

H B B — Ml AR B ROR R (ET) HREAR TR Z2 SRR S ~ ZREERIAE R Z AN 52 B (RR) ~ ALE (RT) Al
R (ST) E{FERZARSEAEARTRIE - LIRS B R AR RIS Y 2 2 IR (4 -

ABSTRACT Journal of Thermal Biology 104 (2022) 103142

Global warming combined with increased production (i.e. more piglets, more milk and consequently more heat)
means that sows are more often challenged by heat stress. The objective was to develop an effective temperature
(ET) equation to predict how air temperature, velocity and humidity affect the respiration rate (RR), rectal
temperature (RT) and skin temperature (ST) as an expression of heat stress in gestating sows in order to elucidate
the relationship between the thermal parameters and the sows’ perception of the environment.

The experimental room was equipped with a negative pressure ventilation system with diffuse air inlet
through the ceiling, electrical heaters, steam generators and dehumidifiers. An air distribution unit was con-
structed to generate vertical air velocity. A total of 16 gestating sows were exposed to three temperatures (25°C,
29°C and 33°C), two levels of relative humidity (30% and 70%) and three levels of air velocity (0.2 msfl, 1ms *
and 2.5 ms 1). The RR, RT and ST were recorded every 30 min throughout the three 2-h test periods.

The estimated effects of humidity and velocity in relation to effect of temperature was nearly independent of
whether it was determined from RR or RT, whereas the effect of humidity was much smaller when determined
from ST. High coefficients of determination (>0.97) were found for the second order relationship between the
estimated ET and RR, RT and ST. An increase in relative humidity from 50 to 70% corresponded to an increase in
ET of 0.9°C, while an increase in air velocity from 0.2 to 1.0 ms™~! corresponded to a decrease in ET of 1.2°C. The
applied ET equation was useful for expressing the combined effect of temperature, humidity and velocity on
animals exposed to heat stress. However, multiplying the effect of velocity by the temperature gradient between
the animal and the surrounding air did not improve the estimation.

P. Brandt”, B. Bjerg™ , P. Pedersen”, K.B. Sgrensen, L. Rong , T. Huang °, G. Zhang “

* Department of Veterinary and Animal Sciences, University of Copenhagen, Grennegdrdsvej 2, 1870 Frederiksberg C, Copenhagen, Denmark
® Skov A/S, Hedelund 4, Glynggre, 7870 Roslev, Denmark

¢ SEGES Pig Research Centre, Axeltorv 3, 1609 Copenhagen, Denmark

4 Department of Civil and Architectural Engineering, Aarhus University, Inge Lehmanns Gade 10, 8000 Aarhus C, Denmark
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P. Brandt et al. Journal of Thermal Biology 104 (2022) 103142

Table 2
Temperature, relative humidity, air velocity, RR, RT and ST for each of 18 combinations of temperature, relative humidity and velocity, average &+ SD. Air velocity was
measured 40 cm above the floor in the empty facility.

Temperature, °C Relative, humidity, % Velocity ms™ RR, bpm RT, ST,
°C °C

25.1+0.3 36.2 £ 3.9 0.17 £+ 0.04 16,5+ 9.6 37.78 £ 0.34 31.80 + 1.59
251 +0.3 39.0+ 2.9 0.61 + 0.30 17.8 £ 8.5 37.81 £ 0.22 29.88 +1.28
25.0+ 0.1 39.8 4+ 3.1 1.41 +0.72 14.6 + 9.1 37.99 + 0.27 29.22 + 1.36
29.1 £ 0.3 323+ 3.7 0.17 £+ 0.04 29.3 +£ 22,5 37.99 £ 0.15 34.57 + 1.02
29.0 +£ 0.2 33.0+ 2.0 0.61 + 0.30 23.4 +£ 15.2 37.94 £ 0.13 33.90 4+ 0.89
29.1 +£ 0.2 33.2+ 4.2 1.41 +0.72 17.1 £ 11.6 37.99 + 0.25 32.89 4+ 0.95
33.0 £ 0.2 323+ 1.2 0.17 + 0.04 843+ 41.3 38.54 + 0.50 37.08 + 0.58
33.0+ 0.2 32.8+ 2.8 0.61 £ 0.30 71.3 £ 33.8 38.34 £ 0.45 36.64 =+ 0.70
33.2 + 0.3 342+ 6.1 1.41 +0.72 61.0 + 38.9 38.42 £ 0.48 36.37 + 0.64
249 £ 0.3 702+ 3.6 0.17 £+ 0.04 201 £125 37.84 £ 0.28 32.10 &+ 1.47
24.8 £ 0.1 694+ 1.8 0.61 + 0.30 15,9+ 9.4 37.79 £ 0.24 30.23 + 1.00
25.3 £ 0.3 65.6 &£ 2.5 1.41 = 0.72 12.5 + 6.1 37.90 £ 0.38 28.79 £ 1.20
28.8 +£ 0.1 685+ 3.8 0.17 + 0.04 39.7 &+ 30.6 38.12 £ 0.14 35.56 + 0.64
28.8 £ 0.1 69.0+ 1.9 0.61 £+ 0.30 34.7 £ 28.6 38.03 £ 0.22 34.08 + 0.85
29.1 +£ 0.2 67.9+ 2.1 1.41 +0.72 20.1 £ 136 38.04 £ 0.17 33.10 + 0.92
32.8 4+ 0.1 70.0 £ 0.5 0.17 + 0.04 121.8 + 41.0 38.94 + 0.51 37.42 + 0.52
32.8 4+ 0.1 70.0 £ 0.5 0.61 + 0.30 108.3 + 47.9 38.75 £ 0.48 36.71 4+ 0.55
32.9 + 0.1 68.2 + 3.0 1.41 = 0.72 88.1 £ 61.4 38.64 =+ 0.51 36.26 = 0.47




RR, bpm
8 8 8

140 -

100 -

=

22

Hypothesis 2a.

Hypothesis 2a implies that the effect of velocity can be

added to Equation [1] by subtracting a power law effect of air velocity.
Bjerg et al. (2018a) suggested that the effect of velocity should be set to
zero when the air velocity is 0.2 m/s, and we adopted this in our ana-
lyses as indicated in Equation [2]:

Respiration rate
a=0.0015c=1.4e=0.8

& B

24 26 28 30 32
ET, Eq. (2)

R?=0.9922

34 36 38

Rectal temperature
a=0.0015 c=2.5e=0.28

.
o]

R*=0.9793

22

24 26 28 30 32

ET, Eq. (2)

34 36 38

ET =T+ a(rh— 50)T — ¢(v*

S1.°C
B 8 K £ & 8

Skin temperature
a=0.0005 c=3.2 e=0.52

R?=0.988

2 24 26 28 30 32 34 36 38

ET, Eq. (2)

—0.29)



ET=T+a(rh—50)T —c(v* —-02°)(d—T)

Respiration rate
a=0.0015 c=0.15 d=42 e=D 8

140 -
120 R? = 0.9897
100 -
& w
L
e 60 -
0=
m -
20 - .
G 1 1 ! ] 1 1 I I
2 M K ¥ O I M %k B
ET, Eq. (3)
Respiration rate
a=0.0015 c=0.15 d=42 e=0.66
140 -
120 -
R =0.989
100 -
S 80 -
=
e 60 -
=
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0 ] T T ] ] 1 1 ) 1
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ET, Eq. (3)
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Rectal temperature
a=0.0015 c=0.30 d=42 e=0.24

RZ=0.59801

ST. °C
B & B B & &

37.6

2 M ¥ B 30

39.2

39

38.8

o 386

. 384 -

38.2

38
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376

Skin temperature
a=0.0005 c=0.23 d=42 e=0.60

Rz =10.3338

32 34 36 38 77
ET, Eq. (3)

Rectal temperature
a=0.0015 c=0.13 d=42 e=0.66
- 38 -

¥ R?=0.9783 36 -

24 6 28 30 R
ET, Eq. (3)

M 36 33

Skin temperature
a=0.0005 ¢=0.21 d=42 e=0.66

R? = 0.9882

| 28
22 24 26
ET, Eq. (3)
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ET, Eq. (3)
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The area dedicated to feed is also
sepakatedzintostW.ozaheas

https://www.youtube.com/watch?v=gUMwC16sHFw



40 Ik

Training station including automatic control of the
entry gate

140571100100

140571100300

SKIOLD MAKES THE DIFFERENCE!

140571100400
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