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Comparison of Room- and Floor Heating
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balance). This planning step is necessary
in order to maintain the minimum tempe-
ratures for piglet rearing which are requi-
red by animal-protection legislation [8].
In these calculations, the heat generated
by the animals (sensitive heat) is set off
against the heat loss. Heat losses comprise
transmission heat losses through room-
enclosing construction elements and ven-
tilation heat losses due to the air exchange
required for the discharge of indoor air
pollutants according to the DIN 18910
standard (cf. equation 1) [4].
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. . . .
fter two years of investigations, different ventilation- and heating sy-
tems for piglet houses can now be evaluated comprehensively. In additi-
n to the economic viability of the variants, the lying behaviour, indoor
ir quality, and the emission of noxious gases have been taken into ac-
ount. As compared with standard fans, low-energy „EC fans“ allow
lectricity consumption to be reduced by an average of more than 50%.
ith regard to heating energy, gas burners instead of hot-water floor

eating with gas boilers also enabled consumption to be reduced by more
han 50%. Floor heating, however, is advantageous for the lying beha-
iour of young piglets and the air quality parameters.
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ntroduction and Goals

hen planning piglet rearing stalls, coun-
ellors and farmers interested in construc-
ion are very insecure with regard to the
ppropriate heating system and animal-
riendly floor design. In order to confront
his planning insecurity and to obtain re-
iable data at the stall level, a long-term
rial was set up at the agricultural operati-
n Barnstädt (Querfurt county, Saxony-
nhalt) with the support of the AEL and

ix different ventilation- and heating
ompanies.
he goal of these long-term investiga-

ions, which are now complete, was the
omparison of different heating tech-
iques for piglet rearing as well as ex-
aust air fans in view of the consumption
f heating- and electric energy. Animal
erformance and the lying behaviour of
he piglets were registered in order to gua-
antee comprehensive consideration.

aterial and Method

he investigations were supposed to pro-
ide an energetic comparison of piglet re-
ring compartments with different techni-
al equipment. Not only the electric ener-
y required for process technology (espe-
ially ventilation), but also the necessary
eating energy were integral parts of this
omparison. Since different measurement-
echnological requirements must be met
or the registration of both energy flows,

separate measurement methods are neces-
sary.

Measurement of the Energy Required
for Ventilation
The electricity required by the control unit
and the fans of a stall compartment can be
measured using conventional current me-
ters, which does not cause any problems
from the viewpoint of electrical engi-
neering. Illumination and other compart-
ment-specific circuits can also be registe-
red this way. Peak loads are important for
the connection power of the system. They
can be established with the aid of proven
technology for load course registration
using the already necessary current me-
ters.
The determination of the specific energy
consumption of the entire system
[kWh/1,000 m3 of delivered air] also re-
quires the continuous measurement of the
air volume flow. At present, this is only
possible with calibrated measuring fans.
These sensors consist of a two-winged fan
blade which covers the entire cross sec-
tion of the canal. Above the inertia limit,
the rotating frequency, which is measured
with the aid of contactless approximation
sensors, is directly proportional to the
amount of the air volume flow [2].

Measurement of the Energy Required
for Heating
The heat requirements of a room to be co-
vered by heating can be calculated based
on the heat deficit, which is established
through heat balance calculation (thermal

Qheating  = Qanimals  – (Qparts + Qventilation)    (1)

The heat losses due to room-enclosing
construction elements are calculated ac-
cording to equation 2:

Qpart  = Areaanimals  · k-valuepart

· (υindoors -  υoutdoors)      (2)

The k-value (equation 3) describes the
heat flow through one square metre of
wall per kelvin of temperature difference
in [W/m2 * K] from the high to the low
temperature level.
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with: 
αi = indoor heat transition coefficient = 5
αa = outdoor heat transition coefficient = 25

The heat losses caused by the room-
enclosing construction elements can be
calculated taking the temperature diffe-
rence (υindoor - υoutdoor) into account. The
design calculation of the heat losses due
to air exchange is also based on the DIN
18910 standard. For a comparison of the
systems under practical conditions, howe-
ver, the ventilation heat losses of the
compartments must be measured conti-
nuously. The air volume flows are registe-
red with the aid of the above-described
measuring fans. The difference in the heat
contents of inlet- and exhaust air is esta-
blished through temperature- and humi-
dity measurement in both air flows.
Since, under system-theoretical aspects, a
stall is only in a state of energetic balance

.
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equilibrium if the energy bound in the
feed and the animal body is taken into ac-
count, the establishment of the actual
heating energy demand requires direct
calorimetric measurements at the heating
systems to be carried out while maintai-
ning the desired room temperature. This
requires a „heat quantity meter“ for hot
water systems and a „gas volume meter“
for gas heating systems. These measuring
instruments were installed at the heating
systems and read weekly.

Lying Behaviour and Air Quality
During the second trial period (winter
1999/2000), additional measurements we-
re conducted to establish the lying beha-
viour of the piglets, the air quality in the
different stall compartments, and the envi-
ronmental pollution caused by them.
The lying behaviour of the piglets was re-
gistered parallel with the aid of stationary
video cameras in two compartments with
and without floor heating. The footage
was interpreted using the aid of software
for ethological investigations („Obser-
ver“). The duration and the frequency of
the behavioural characteristics „lying“
and „non-lying“ were part of the beha-
vioural comparison.
The air quality and the emission beha-
viour of the compared variants were mea-
sured using proven instruments for gas
analysis (Brüel and Kjaer multi-gas mo-
nitor, measuring point switch, measuring
fan in the round exhaust air chimneys).
Moreover, measurements of dust concen-
tration, odour concentration, and the ho-
mogeneity of climatic factors in the room
were carried out.

Variants and Schedule
Together with the cooperating farms, the
trial variants were chosen according to the
criteria „investigation requirements“ and
„energy savings potential“. Table 1
shows the comparative variants of the in-
vestigations. After three trial periods, the
techniques which provided the best results
were due to be varied further for the se-
cond part of the investigations in order to
obtain energetic comparisons between dif-
ferent products (which were often classi-
fied as equally good).

Results

In order to obtain realistic planning re-
sults, the usual engineering techniques for
mass- and energy balancing were em-
ployed. For the stall to work even under
extreme conditions, livestock density was
assumed to be highest in the summer and
lowest in the winter. Under winter condi-
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Table 1: Description of the trial variants (perforated ceiling as air inlet)

Reference system 1
gas burner
&
axial fan + phase control

Variant 1
gas burner
 &
EC low-energy fan + measuring fan and throttling
system

Reference system 2
gas burner

&
axial fan + phase control

Variant 2
Hot-water floor heating in the lying area + delta pi-
pes for room heating
&
axial fan + phase control

Reference system 3 Variant 3
ions, the heat flows of the comb com-
artments for 200 rearing piglets with one
nd two outer walls which were to be ex-
mined at the location under investigation
ere balanced according to DIN 18910.
ccording to this balance, the heat defi-

its (and, consequently, the heating requi-
ements) amount to 5.6 kW (comb com-
artment with two outer walls) and 4.8
W (compartment with only one outer
all). Table 2 shows the results of the air

ate calculation. The 5 kg animals were
ssumed to be reared in the winter. The
ir volume flow calculation (mass ba-
ancing) shows that the normal ratio of the
ummer- and the winter air rate is more
han 30:1. These demands with regard to
he minimum and maximum air volume
low result in the system having to meet
he highest control-technological requi-
ements [6]. The adjustment of the expe-
imental system did not prove to be enti-
ely unproblematical in the winter
onths. In the practical trial, the precise

ontrol of the winter air rate influenced
entilation heat losses considerably.
espite good heat insulation, the ba-

ancing of the heat flows according to
IN 18910 [4] (as usual) showed great
eficits also in the examined piglet rea-
ing compartments. For systematic plan-
ing and counselling, the goal was to pro-
ide an overview which distinguishes
hat energy source is used at the stall

evel, how the heat reaches the compart-
ent, and on which physical principle the
ain effect for the animals is based. For

his purpose, a distinction between room
eating (table 3) and section heating (ta-

ble 4) will be made.
For the economic evaluation of the ex-
amined heating systems, purchasing- and
operating costs had to be taken into ac-
count equally. In addition, the following
arguments regarding hot water floor hea-
ting systems, which were part of the inve-
stigations, were to be examined:
• As the temporal utilization rate of the

heating systems and the herd sizes in-
crease, hot water section heating sy-
stems gain in economic preferability.
The possibility of utilizing waste heat
(e.g. from block-type thermal power
stations) is also an important pro-
argument given the mounting energy
prices and the payments to farmers
who feed electricity into the mains.

• The structuring of the pen allows
(comfort) heat to be offered in the ly-
ing area. Room temperature can be re-
duced, which leads to better air quality
(content of noxious gases). The prere-
quisite for homogeneous growth of the
animal group is a sufficient size of the
lying area and homogeneous heat dis-
tribution. In order to adapt the heat
supply to the demand, it is possible to
follow lying area temperature curves.

Costs of Electric and Heating Energy
The examined variants did not show any
differences in piglet performance which
could be proven statistically. Therefore,
the most important economic parameters
in the comparison of the systems are the
expenses for the purchasing and the ope-
ration of the ventilation- and heating sy-
stem per reared piglet. According to the

gas burner

&
axial fan + phase control

Hot-water floor heating in the lying area + delta pi-
pes for room heating
&
EC  low-energy fan + measuring fan and throttling
system
able 2: Ventilation rates for the examined pig house under summer and winter conditions

Planning conditions m3/h per animal m3/h per pen Normal ratio

summer:
30 kg piglets 62 12 400 31

winter:
5 kg piglets 2 400 1
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3,000 ppm set by the Pig Husbandry Or-
dinance [8]. Unexpectedly, the use of gas
burners led to a larger quantity of metha-
ne being released from the slurry and
emitted through the exhaust air chimneys
(cf. figure 1). The reasons for this result
must be examined further.

Consequences for Counselling and
Practice

Heat flow balancing remains an essential
prerequisite for the planning of a demand-
oriented heating system. The planning
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able 3: Room heating systems for pig houses

Energy source Heating oil (burner)
Natural gas (burner)
Liquid gas (burner)
Waste heat (e.g. block-
type thermal power sta-
tion1)

Direct combustion of
gas without dischar-
ge of the residues

Combustion of gas
or heating oil with
discharge of the re-
sidues

Transport and distri-
bution medium

Hot water
- Delta pipes
- Iron pipes
- Radiators

Air
- Gas burner
- Gas convector

Air
- Gas convector
- Hot-air blower

Main principle Convection Direct heating of air
(increase in enthalpy)

) Block-type thermal power plant on the basis of biogas, heating oil, rapeseed oil, straw
 values for the heating power to be instal-
led per piglet place (200 W) which are
stated in the literature are often far too
high. According to investigations by the
author, 40 W per piglet place were suffi-
cient in comb compartments with good
heat insulation. It is generally recommen-
ded that the following criteria be taken
into account when purchasing heating sy-
stems and giving advice on heat-
technological problems:
• How can the thermal-physiological

requirements of the piglets be met?
able 4: Section heating systems for pig houses

Energy source Heating oil (burner)
Natural gas (burner)
Liquid gas (burner)
Waste heat  (e.g. block-
type thermal power plant 1)

Electricity Electricity
- Infrared radiator
  Liquid gas
- Gas radiator

Radiation

Transport and distri-
bution medium

Hot water
 floor

Electricity
 floor

Main principle Heat conduction Heat radiation

)

eriod cost method, the winter-, transiti-
n-, and summer periods are weighted
emporally for cost calculation. With re-
ard to energy consumption, altered set-
ings allowed the results of the first inve-
tigation period to be improved further in
he second period.
he cost calculations show that in all va-

iants energy accounts for more than 50%
f the entire special cost of ventilation
nd heating. Floor heating requires signi-
icantly higher investment, which exerts a
ery negative influence on the total cost
er piglet. As compared with plastic floor
eating, room heating (gas burner) provi-
ed an unexpectedly high heating cost
dvantage of more than DM 1.00 per rea-
ed piglet under the above-described trial
onditions (cf. table 5). The low- energy
C fans used needed only 50% of the
nergy required by standard axial fans.
epending on the price of electricity, the
ayoff period ranges between three and
ive years (cf. table 6).

ehaviour and Air Quality
he behavioural observations also yielded
n unexpected result. Over the entire rea-
ing period, floor- and room heating did
ot lead to any significant difference in
ying duration and -frequency on the ex-
mined plastic floor. Only on the first
ays after stalling up did the piglets lie
lightly more often in the closed lying
rea with heat supply (table 7). The sup-

position that this reduces the stress of stall
change for the animals can neither be
proven through higher growth perfor-
mance nor improved feed conversion nor
lower animal losses. When the hot-water
heating elements were shut off, these
areas were soiled with the effect that the
piglets were dirtier as well. This pheno-
menon was confirmed by investigations in
stalls with comparable floor heating sy-
stems.
As compared with the variants with direct
gas combustion in the room, hot-water
floor heating systems provided far better
air quality. As expected, the CO2 concen-
trations very clearly exceeded the limit of

• Which technology fits logically into
the energetic concept of operation
(gas, oil, electric energy)?

• Which system results in the lowest full
cost (fixed + variable cost!)?

Recommendations Regarding the Eco-
nomical Use of Electric Energy
In order to save electric energy, it is
equally sensible to avoid high flow resi-
stance and to check the efficiency of the
control implements and fans used [1, 7].
The public „cost discussion“, however,
focuses on fans [6]. The use of the new
Etavent low-energy EC fans is often
discussed controversially. Long-term
measurements by the author yielded clear
results in this respect as well. With regard

 Block-type thermal power plant on the basis of biogas, heating oil, rapeseed oil, straw
Table 5:  Economic results of a two-year system comparison with different heating- and ventilation
designs
(Basic parameters: kWh thermal: DM 0.07, electric: DM 0.28)

Variant 1 Variant 2

Description of the hea-
ting system

Gas burner for room heating
(liquid gas)

Delta pipes for room heating      +
hot-water plastic floor heating (li-
quid gas + hot water)

Consumption of hea-
ting energy

4,2 kWh/piglet 22 kWh/piglet

Description of the ven-
tilation system

Perforated ceiling +
overfloor suction with EC low-
energy fans

Perforated ceiling +
overfloor suction with standard
axial fans

Consumption of elec-
tric energy

0,9 kWh/piglet 2,5 kWh/piglet

Full cost per piglet 1,40 DM /piglet 3,76 DM /piglet
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• Reduction of the k-value through im-
proved heat insulation (walls, stall
ceiling, floor)

• Minimization of the ventilation heat
losses through precise setting of the
minimum air rate

• Heat recycling from exhaust air with
the aid of heat exchangers

• Supply of heat only in the lying area
of the animals

The presented results show that only full-
cost calculations which take the purcha-
sing- and operation cost into account re-
flect the actual economic preferability of
different alternative solutions [3]. Table 5
summarizes the results of the two-year in-
vestigation in the form of a full-cost com-
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able 6: Example of a payoff calculation for the low-energy fan (prices according to the manufac-
urer Ziehl-Abegg)

Unit Standard axial fan
50 cm / 230 volts

Low-energy fan
50 cm / 230 volts

Purchasing price inclu-
ding control system and
motor protection

DM 1350,- 1860,-

Annual payment given an
interest rate of 5% and
10 years of use

DM 175,- 241,-

Electricity consumption at
a utilization rate of aver-
age  60%

kWh 2630 1314

Electricity price per kWh DM 0. 28 0.14 0.28 0.14

Electricity cost per year DM 736,- 368,- 368,- 184

Total annual cost DM 911,- 543,- 609,-  425,-

      - 305,-Cost difference DM
parison in DM of the special cost of hea-
ting and ventilation per reared piglet in
the most favourable and the most unfa-
vourable combination. A fair comparison
between alternative solutions requires
identical energy sources and energy
supply costs (in DM per kWh). Many
comparisons contain serious mistakes in
this respect.
This merely economic comparison,
however, does not show the following
advantages of variant 2:
• The restriction of heat supply to cer-

             - 118,-
able 7:  Intensity of the behavioural characteristic „lying“ on a fully perforated floor (as a refe-
ence system) and a partially perforated floor with hot-water floor heating

Time percentage of the behavioural
characteristic „lying“

Reference time:
Day after stalling up

Reference system (fully
perforated)

Variant (partially perforated
with heating elements)

Stalling-up day 84 % 80 %

2nd day after stalling up 82 % 83 %

3rd day after stalling up 82 % 85 %
o electric energy consumption, the avera-
e savings provided by these low-energy
C fans amounted to more than 50%. If

he higher acquisition cost is taken into
ccount, the purchase pays off within only
hree to five years. Virtually no acquisiti-
n in the pool of ventilation costs is cur-
ently as cost-effective as this fan tech-
ology.
he difference in energy consumption lies

n the altered drive technology as compa-
ed with the standard axial fan. Figure 2
hows the effect in a diagram. Under full
oad, a standard- and a low-energy fan
ith the same diameter require approxi-
ately the same power. In the governed

peed range, i.e. below the rated speed,
he advantages of the low-energy fan be-
ome obvious.

ecommendations Regarding the Eco-
omical Use of Heating Energy
espite all considerations with regard to

aving energy, it cannot be questioned
hat the heating system must be able to
over the heat requirements of the piglets.
he lying behaviour of the piglets is the
ost important indicator of the correct

emperature setting. The observation of
he lying behaviour during daily work in
he stall enables the current demand to be
hecked and the setting of the control im-
lement to be altered accordingly. Figures
 and 4 show the lying behaviour at a

room temperature too low (figure 3) and
at an appropriate temperature in the lying
area (figure 4). If the piglets lie on their
stomachs or in a relaxed position on their
sides, this is a sign of well-being; if they
lie in a cluster, there is need for action,
i.e. heating.
The above-described heat-technological
connections show that only the following
possibilities allow heat losses to be redu-
ced:

tain spots allows the lying- and excre-
tion behaviour of the animals to be in-
fluenced positively.

• If hot-water floor heating systems are
used, air quality is not impaired by
combustion products (carbon dioxide
and water).

An economic evaluation of other floor-
heating systems is impossible at present
Figure 1: Comparison of the methane release from slurry in stalls with gas burners (reference sy-
stem) and hot-water floor heating (variant) for piglet rearing during a typical winter period (winter
1999/2000)
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Figure 2:  Energy requirements for the
air volume flow delivered by a stan-
dard axial fan and an Etavent low-
energy fan

F
(

F
(

igure 3: Lying behaviour of young rearing piglets (ca. 7 kg) at an indoor temperature too low
room heating)
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ecause the resource requirements are un-
nown and comparability with the creep
rea in the farrowing pen is limited [5].
he investigations did not confirm a gene-

al savings effect due to reduced room
emperatures in stalls with floor heating.

Obviously, this effect can only be expec-
ted if, in addition, convection and radiati-
on from the heating surfaces into the
room are eliminated by means of covers
or housings.
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