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Calculation method for the
annual thermal heat requirement

of farrowing units

The method developed for the calculation of the thermal heat requirement for farrowing
units is based on the thermal energy balance in which energy gains and energy losses are
compared. While the heat dissipation from animals and electrical devices, and solar heat
gains positively influence the balance, transmission heat losses and ventilation heat losses
have the opposite effect. In comparison to the target values the results of the calculation
provide information about the energy efficiency and weaknesses of the thermal performance
of buildings. At the same time, the potential of energy saving measures can be assessed.
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mm A lot of energy is needed to heat farrowing pens. On the
one hand special attention has to be paid to the heat require-
ment of piglets reared in strawless pens, but on the other hand
rising energy prices are increasing the pressure to economise
on energy. Conclusions as to the thermal energy efficiency of a
building can be drawn by comparing the thermal heat require-
ment calculation with target values.

The method used to calculate thermal heating requirement
in existing technical standards (e.g. SIA 380/1) is not applica-
ble to livestock housing because, by contrast with residential
and functional buildings, room temperature and air flow rate
are animal-dependent and hence not constant. The heat pro-
duced and dissipated by the animals, which in turn depends
on housing temperature, has a considerable influence on the
energy balance.

In the present study a calculation method was developed
to allow the annual thermal heating requirement of farrowing
units to be determined under practical conditions.

Material and method

The calculation of the annual thermal heating requirement for
strawless forced ventilated livestock housing systems is based
on the thermal energy balance, in which energy gains are set
against energy losses. (Figure 1). The gains comprise internal
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(heat dissipation by animals and electrical devices) and solar
contributions. The losses include heat lost through the build-
ing shell (transmission heat losses) and ventilation (ventilation
heat losses).

Thermal heat requirement

Qy, the thermal heat requirement to be calculated, defines
the annual amount of heat required to maintain a building of
a fixed area at a certain temperature level (Eq. 1). The total
transmission and ventilation heat losses Qg and Qy need to be
replaced by thermal heat in order to keep the temperature con-
stant inside the pen. The requisite thermal heat requirement is
reduced by internal and solar energy gains Q; and Qg [1].

Qy =% Qp+ Qy-1, (Q+ Q)  (KWh or MJ)

(Eq. 1)

The annual thermal heat requirement is calculated from the
total thermal heat requirement for all the months in which a
positive overall heat loss is incurred. Heat gains can only be
used when they are less than the losses in the period under
examination. The ratio of heat gains to losses and the building’s
heat storage capacity are accounted for using the utilisation
level of heat gains n, in Equation 1. A utilisation level figure of
1.0 can be assumed for buildings of solid construction and one
of 0.9 for those of lightweight construction [2].

Transmission heat losses

Heat losses through an airtight or windproof building shell and
transmission heat losses occur when there is a temperature
drop between the inside and outside of the building. Specific
transmission heat loss Hy defines stationary heat dissipation
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throughout the building shell at one degree of difference be-
tween the inside and outside temperature. It is calculated by
multiplying the areas A, the heat transfer coefficients U; and,
if applicable, the correction factors F; for the individual struc-
tural components being totalled (Eq. 2).

When structural components are not next to outside air but
adjoin unheated areas (e.g. internal wall to feed store) or soil
(e.g. flooring), heat dissipation is reduced due to the smaller
temperature difference between inside and outside. Correction
factors conforming to the standards applicable (e.g. SIA 380/1
[1]) should therefore be taken into account when dealing with
such structural components.

Hy=2(4- Uj- Fy)  (W/K)
(Eq- 2)

The U-value is an indicator for the heat transmission rate of
structural components made from different layers of material.
The mathematical determination of the heat transmission coef-
ficient U (W/m2K) is carried out using internal and external
thermal transfer resistances Rg; and R, as well as the thickness
d; (m) and specific thermal conductivity 2; of the component
layers (W/mK) (Eq. 3). Internal thermal transfer resistance is
0.13 m2K/W, the external thermal transfer resistance for com-
ponents against outside air 0.04 m2K/W. The numerical values
for thermal conductivity are based on manufacturers’ data or
building material standards.

1

U= p
R, +Z/7’+Rw
J

(W/mZK)
(Eq. 3)

The annual transmission heat loss Qg of a building defines
the total amount of heat lost by transmission at a given tem-
perature differential between pen and outside air over a period

of one year. The calculation is based on a dynamic simulation
in which the year is divided into time intervals (e.g. of half an
hour). The heat lost from the building for all intervals is deter-
mined by multiplying the specific transmission heat loss Hy,
the difference between the pen air temperature and outside air
temperature AT (K), and the time interval At (h). The partial
results, totalled over all the time intervals, give the monthly or
yearly transmission heat lost by the housing unit (Eq. 4).
Qr=H; X2 (AT - At) (kWh or MJ)

(Eq. 4)

Ventilation heat losses
In addition to transmission heat losses, forced ventilated pens
also undergo heat loss from ventilation systems which remove
gases and moisture from the pen areas. Ventilation heat losses
via pen fans describe a dynamic heat flow caused by the dif-
ferential between the temperature of the pen air and the air
supplied. Specific ventilation heat loss Hy is calculated by mul-
tiplying the requisite air rate V,; (m3/h) and the specific heat
storage capacity of the air ¢, - pa (Wh/m3K or J/m3K) (Eq. 5).
Hy = Vere Cpa* Pa (W/K)

(Eq. 5)

As arule the CO, concentration of the air in the pen serves
as a measure of the requisite air flow rate V,;. The maximum
permissible CO, concentration of pen air is 2 000 ppm [3].

The values of the requisite air rate are valid at an altitude of
500 m above sea level. For higher locations the numbers should
be increased by 1 % per 100 m.

Table 1 shows the requisite air rate V,; per animal and ani-
mal category at this maximum concentration, subject to animal
body weight. The air rate required for the pen unit is obtained
by multiplying the requisite air rate per animal and animal cat-
egory by the number of animals in each animal category.
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The specific heat storage capacity of the air, ¢, - pa, can
be calculated using Equation 6, inserting the altitude h of
the housing unit above sea level in metres [1]. The specific
heat storage capacity of the air is given in J/m3 K. 1000 J/
m3K correspond to 0.277 Wh/m3K.

Cpa- Pa= 1200~ (0.14 - h) (J/m3K)
(Eq. 6)

Annual ventilation heat loss Qy is calculated along simi-
lar lines to annual transmission heat loss by multiplying the
specific transmission heat loss Hy (W/K), the differential be-
tween the unit air and the air supplied AT (K), and the time
interval At (h). The annual ventilation heat loss of the unit
is obtained by adding up the partial results over all the time
intervals (Eq. 7).

Qy=HyX (AT - At)  (kWh or MJ)
(Eq. 7)

Internal heat gains

The internal heat gain Q; in farrowing units includes gains from
the heat produced and released by the animals Q;, as well as
from heat sources in piglet nests Qiy (Eq. 8). This method does
not take account of heat released by other electrical sources
such as fans and lighting.

Oi = OiA + OiN (kWh or M])
(Eq. 8)

Requisite air rate V,,; per animal required for limitation of the
CO-concentration to 2000 ppm in pens [modified from 3]

Erforderliche Luftrate V.

Tierkategorie Kérpermasse Requisite air rate V,
. . erf
Animal category Body weight kg m3/h - animal")
2 2
Ferkel 5 4
Piglets 10 7
20 11
Jung- und Wartesauen 150 26
Gilts and pregnant sows 200 32
Laktierende Sauen 200 49
ohne Ferkel
Lactating sows 250 55
without piglets

") Die Werte der erforderlichen Luftrate sind fiir eine Hohe von 500 m liber Meer giiltig.
Fir héher liegende Orte sind die Zahlen um 1 % pro 100 m zu erhéhen.

The values of the requisite air rate are valid at an altitude of 500 m above sea level.

For higher locations the numbers should be increased by 1 % per 100 m.
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The heat produced by an animal varies with its activity. It
comprises sensible heat and latent heat. The former is released
to the animals’ surroundings by the transmission mechanisms
of convection, radiation and conduction, the latter by transpira-
tion and respiration. Only sensible heat features as a gain in the
energy balance. The annual internal heat gain from animal heat
dissipation Qy, is calculated by multiplying the sensible heat
released by each animal ®, (W) at pen temperature T, the num-
ber of animals n; in the pen during a particular time interval,
and the time interval At (h). Time intervals are created on the
basis of a dynamic simulation and the partial results of all the
intervals are added up to give the final result (Eq. 9).

Qp == @;-n;- At (KWh or MJ)
(Eq. 9)

The calculation of the sensible heat released by each animal
@, includes the total heat produced by each animal at 20°C Hp
(W) at a pen temperature of 20°C. This is corrected to allow for
the actual ambient temperature of the pen T (°C) (Eq. 10).

@, =[0.62 (1 +0.012 (20-T)) - 1.15 - 10-1°- TS| Hp (W)
(Eq. 10)

The total heat Hp produced by an animal at an ambient
temperature of 20°C can be determined using the approach of
the C.I.G.R. Working Group on the “Climatization of animal
houses. Heat and moisture production at animal and house lev-
els” [4]. Here the total heat production Hp of lactating sows
with piglets is calculated by incorporating the animal’s body
weight m (kg) and milk yield Y1, which is inserted into the
equation at 6 kg/day (Eq. 11).

Hp =4.85-m®75+28-Y1 (W)
(Eq. 11)

Total heat production Hp for pregnant sows and gilts is cal-
culated using the animal’s body weight m (kg), gestation day p
(day) and daily weight increase Y2 (Eq. 12). The daily weight
increase is 0.18 kg/day for pregnant sows and 0.62 kg/day for
gilts.

Hp=4.85-m%75+8.105.p3+76-Y2 (W)
(Eq. 12)
The animals’ body weight m (kg) is likewise taken into ac-
count when determining the total heat production of piglets
from the 20t™ day of life. Equation 13 also includes the daily
energy intake in feed based on the maintenance requirement n
and assumed by the value 2.

Hp = 7.4 - m%6 + [1-(0.47 + 0.003 - m)] [n - 7.4 - m066-7.4 .
moe] (W)
(Eq. 13)
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In addition to the heat released by the animals, internal
heat gains are also delivered by heat sources in piglet nests.
The annual internal heat gain from electric piglet nest heat-
ing Q;y is calculated by multiplying the heat released annually
from each piglet nest ®y, taken as a flat rate of 700 kWh, by the
number of piglet nests n; (Eq. 14).

QiN = (DN . Ilj (kWh or M])
(Eq. 14)

Solar heat gains
Solar heat gains occur when solar radiation enters the build-
ing through transparent surfaces and is converted into heat.
Values to be included when calculating annual solar heat gain
Q, are the specific radiation energy constant I;; (kWh/m?a or
MJ/m?2a), reduction factors for shading Fg, frames Fr and non-
perpendicular incident radiation Fy, the overall energy trans-
mittance of glazing systems during perpendicular incident ra-
diation g1;, and the shell dimensions of window openings Aj;
(m?) (Eq. 15).
Q=2 (I;;Z Fg- Fr- By - g15- A;5)  (KWh or MJ)

(Eq. 15)

The figure for the specific radiation energy constant I, ; will
vary depending on the orientation of the transparent struc-
tural components (Table 2). The reduction factors for shading
Fs, frames Fr and non-perpendicular incident radiation Fyy are
0.9, 0.7 and 0.9 respectively. The amount of total energy trans-
mitted by glazing during perpendicular incident radiation gu;
through clear glass can be reckoned at 0.75 for double insula-
tion glazing and 0.70 for triple insulation glazing [1], or the
manufacturer’s figures can be used.

Conclusions

The calculation method developed is a simple way of determin-
ing the annual thermal heat requirement for farrowing pens.
The method makes reference to special livestock husbandry
conditions which have not so far been taken into account by
energy-saving thermal insulation. Conclusions as to a build-
ing’s energy efficiency can be drawn by comparing the key val-
ues calculated with the limit and target values from technical
standards. This method also permits comparison of the energy
efficiency of different types of construction.

The integrated determination of the U-values of different
structural components provides information on possible weak
points or heat bridges in the building. The annual thermal heat
requirement and its subcomponents can also be used to assess
the potential for energy saving measures. Based on the amount
of heat loss, for example, it is possible to estimate the energy
savings and associated cost reduction achievable by installing
thermal insulation or a heat recovery ventilation system.

Further research is needed into the mathematical compu-
tation of heating technology losses (final energy requirement)

Specific solar radiation energy constant I for different orientations of
transparent structural components [5]

Orientierung des Spezifische Strahlungsenergiekonstante |
Fensters Specific solar radiation energy constant I ;
Window orientation kWh/m?2a

Siidost bis Stidwest 270

Southeast to southwest

Nordwest bis Nordost 100

Northwest to northeast

Andere Richtungen 155

Other orientations

as well as the losses incurred when producing, processing and
conveying the energy source to the point of use and distributing
and storing it in the building (primary energy requirement). The
use of renewable energy in covering the energy requirements of
livestock housing units is particularly important in this context.

Literature
[1] SIA 380/1 (2009): Thermische Energie im Hochbau. Schweizer Norm
2008-12

[2] OIB (Osterreichisches Institut fiir Bautechnik) 1999: Leitfaden fiir die
Berechnung von Energiekennzahlen. Nummer OIB-382-010/99. http://
www.bluesave.at/website/file/oib-energieausweis-leitfaden-1999-03.pdf,
Zugriff im November 2011

[3] Van Caenegem, L.; Wechsler, B. (2000): Stallklimawerte und ihre
Berechnung. FAT-Schriftenreihe Nr. 51, Forschungsanstalt Agroscope
Reckenholz-Tanikon ART, Ettenhausen

[4] C.LG.R.(Commission Internationale du Génie Rural) (2002): 4h Report
of Working Group on Climatization of Animal Houses Heat and moisture
production at animal and house levels. http://www.agrsci.dk/jbt/spe/
CIGRreport, Zugriff im November 2011

[5] Schild, K.; Willems, W. M. (2011): Warmeschutz. Wiesbaden, Vieweg +
Teubner, 1. Aufl.

Authors

Dr. Renate Luise Dorfler was employed as a research associate

in the Construction, Animal and Work Research Group at Agroscope
Reckenholz-Tanikon ART Research Station, CH-8356 Ettenhausen,
e-mail: renate.doerfler@gmx.de

Dipl.-Ing. Ludo Van Caenegem is a research associate in

the Construction, Animal and Work Research Group at Agroscope
Reckenholz-Tanikon ART Research Station, CH-8356 Ettenhausen,
e-mail: ludo.vancaenegem®@art.admin.ch

PD Dr. habil. Matthias Schick heads the Construction, Animal and
Work Research Group at Agroscope Reckenholz-Tanikon ART Research
Station, CH-8356 Ettenhausen, e-mail: matthias.schick@art.admin.ch

1.2012 | LANDTECHNIK



