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Energy consumption and energy 
saving potentials in piglet production
For agricultural farms, a considerable share of variable costs is due to the energy consumption for 
agricultural production processes. In particular, piglet production and nursery have a high thermal 
and electric energy demand. For the planning and the redevelopment of pig housing systems, a 
good knowledge of the energy demand of different consumers is of great importance. With this 
knowledge, it is possible to derive measures for improving energy effi ciency and reducing energy 
consumption.
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■ Within our research on the effi ciency of energy use in pig 
production (particularly breeding sows), we combine measure-
ments of individual energy consumption with operational data 
of specialized farms. Beside the assessment of the production 
systems, the aim is to derive energy saving concepts for indi-
vidual farms. Therefore, we measure energy consumption of 
production facilities and retrieve data from plant and equip-
ment data bases. For energy effi ciency analysis, a three-stage 
approach is taken that starts with the collection of bulk data on 
energy consumption of agricultural farms and continues with 
long-term measurements on experimental farms and, fi nally, 
calculations for individual devices (fi gure 1).

Evaluation of data on electricity consumption

Data from 2007 on electricity consumption are combined with 
operational data of individual farms and evaluated according 
to specifi c criteria that are relevant for agriculture. From this 
a basic table with an overall 26 441 data sets could be gene-
rated. To establish reference values and benchmarks, farms 
were classifi ed and clustered with respect to region, farm size 
and branch in accordance with the SDB („Standarddeckungs-
beitrag“ — Classifi cation of agricultural farms according to the 
EU-wide classifi cation system).

Energy consumption measurements on experimental 

farms

For the measuring of electricity and heat consumption and the 
determination of technical characteristics, eleven experimen-
tal farms at 14 sites with a focus on piglet production were 
selected in close cooperation with the regional departments 

for nutrition, agriculture and forestry. The aim was to cover a 
broad range of piglet production situations in Bavaria, inclu-
ding buildings and technical equipment. Therefore, farms of 
different size and with various production facilities from all 
administrative districts (and agricultural regions) were selec-
ted for long-term measurements.

Energy consumers and measuring equipment in 

piglet production 

According to measurements taken in northern Germany, the 
energy consumption of piglet farms is very diverse. On average, 
the share of heating energy with respect to total farm energy de-
mand was 66 % for breeding sows and 87 % for nursing piglets. 
Ventilation causes 25 % of total energy consumption for sow 
breeding and 10 % for piglet nursery, on average [1]. Overall, 
compared to other consumers, the energy demand for heating 
and ventilation is very high. To equalize seasonal variations of 
temperature and other climatic conditions (relative humidity, 
ambient pressure, wind speed etc.), energy demand for heating 
and ventilation depending on inside and outside temperatures 
is measured over a time period of twelve months at least. In 
addition, energy consumption of feeding systems, lighting, cle-
aning and other relevant equipment is determined. Permanent-
ly installed meters (for electricity and heat), data loggers and 
data transfer devices, as well as other measuring instruments 
provide values of actual energy consumption.

Further measuring equipment includes a thermal imaging 
camera, a device for heat transfer coeffi cient measurement, sev-
eral energy meters, an IR-thermometer, an IR-rangefi nder and 
other instruments, e.g. for measuring humidity and concentra-
tion level of air pollutants.

Plant and equipment data base

The basic idea of this data base is the comparative calculation 
of energy consumption values using performance characteris-
tics of technical equipment. This is used to infer economic and 
energy effi ciency. The data base includes a list of all technical 
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components that are used for piglet production. It is developed 
and updated on a continuous basis. The information for typifi -
cation and characterization of these components is retrieved 
from company specifi cations, DLG-assessments and internet 
searches.

Electrical energy consumption of agricultural farms

For the 26 439 farms evaluated, which cultivate an area of 
721 136 ha, a total electrical energy consumption of about 
370 GWh per year was determined. The average electrical ener-
gy consumption per farm is 13 984 kWh per year and the aver-
age land area per farm is 27.27 ha [2].

3-stufiger Ansatz zur Bestimmung der Energieeffizienz des Produktionsverfahrens 
3-step system for determining the energy efficiency of production process 

Ermittlung des Elektroeenergiebedarfs der Produkti-
onsverfahren durch Vergleich des Stromverbrauchs 
mit den Durchschnittswerten gleich bzw. ähnlich 
gelagerter Betriebe 
Determining electric energy demand of production pro-
cesses confirmed by comparing power consumption with 
average values of same or similar farms 

   durch die Kombination folgender Daten-
 banken und deren Analyse 
 by combination of following databases and their 
 analysis 

Strom-
verbrauchs-
datensätze 
Power con-
sumption data-
records 
 
 
 
 
 
[104 625 
 Datensätze] 
[104 625 
data records ] 

Adressdaten-
sätze der baye-
rischen land-
wirtschaft-
lichen Betriebe 
Adress data 
records of Bava-
rian agricultural 
farms 
 
 
[438 485 
 Datensätze] 
[438 485 
data records] 

Betriebsdaten-
sätze bayeri-
scher landwirt-
schaftlicher 
Betriebe 
Operating data 
records of Bava-
rian agricultural 
farms 
 
 
[124 661 
 Datensätze] 
[124 661 
data records] 

Entwicklung einer Basistabelle zur Bestimmung des 
durchschnittlichen Elektroenrgieverbrauchs der Pro-
duktionsverfahrens nach unterschiedlichen Ge-
sichtspunkten (z.B. Energieverbrauch in Abhänigkeit 
von Produktionsausrichtung, Betriebsgröße, Spezia-
lisierungsgrad, Region, Tierart, ...) 
Development of a basic table determining the average 
electrical consumption of production process considering 
various aspects (e.g. energy consumption depending on 
production type, farm size, degree of specialization, regi-
on, animal species, ...) 
 
 
[Basistabelle: 26 441 Datensätze] 
[Basic table: 26 441 data records] 

Datengrundlage sind ausschließlich Strom-
verbrauchswerte des Gesamtbetriebes inklusive 
Privatanteil, Energiebedarf auserlandwirtschaftlicher 
Betriebszweige sowie Prozessenergieverbräuche für 
Bewirtschaftung und Unterhalt weiterer Betriebsge-
bäude 
Data sources are exclusively power consumption values 
of the total operation including private share, energy 
consumption not-agricultural production branches, pro-
cess energy for cultivation and maintenance of further 
farm buildings 

Analyse und Bewertung des Gesamtenergiebedarfs 
mittels gemessener Energieverbrauchswerte einzel-
ner Verbraucher und Verbrauchergruppen des Pro-
duktionsverfahrens 
Analysis and evaluation of the total energy demand by 
measured energy values from individual consumer and 
consumer groups of production process 

Bewertung einzelner Verbraucher und Verbraucher-
gruppen anhand von Leistungsdaten aus Datenban-
ken 
Evaluation of individual consumer and consumer groups 
based on performance characteristics from databases 

   durch Langzeitmessungen des elektrischen 
 und thermischen Energieverbrauchs unter 
 Berücksichtigung von Außen- und Stallklima-
 parametern 
 by long-term measurement of electric and ther-
 mic power consumption considering outside- and 
 stable climate parameters 

Temperatur-
messung 1 
Temperature 
measurement 1 

Messung des 
elektrischen Ener-
giebedarfs 1 
Electric energy 
demand measure-
ment 1 

Ergebnis ist ein Vergleich des durchschnittlichen 
Energieverbrauchs sowohl auf Ebene der Betriebs-
zweige als auch auf Ebene von Verbrauchergruppen 
(z. B. Lüftung, Heizung, Fütterung, ...) und in Abhän-
gikeit von unterschiedlichen Merkmalen bzw. Gege-
benheiten des einzelnen Betriebes 
The result is a comparison of the average energy con-
sumption as well of branches of farming level as of con-
sumer groups level (e.g. ventilation, heating, feeding, ...) 
and depending on different characteristics or conditions 
of  the individual farms 

Exakte Analyse des Energiebedarfs für die energetische Optimierung der einzelnen Produktionsverfahren 
Precise analysis of energy demand for the energetic optimisation of individual production processes 

Der Aufbau von Anlagen- u. Gerätedatenbanken mit 
Leistungs-, Energieverbrauchs- und Preisangaben 
von Einzelverbrauchern (Ventilatoren, Motoren, 
Pumpen, Kompressoren, ...) und Verbrauchergrup-
pen (Heizungsanlagen, Fütterungsanlagen, ...) er-
möglicht einen Systemvergleich und auch eine öko-
nomische Bewertung des Einsatzes von energiespa-
renden Technologien 
The construction of plant and equipment databases with 
price information, performance- and energy consumption 
specifications of individual consumers (ventilators, engi-
nes, pumps, compressors, ...) and consumer groups 
(heating systems, feeding installations, ...) enables a 
systems comparison and an economic evaluation of the 
use of energy-saving technologies 

Exakte und zeitlich fixierte Erfassung des tatsächli-
chen Energieverbrauchs unter Einbeziehung der 
jahreszeitlichen Temperaturschwankungen 
Precise and temporal fixed recordings of the actual ener-
gy consumption taking into account the seasonal tempe-
rature fluctuations  

Messung des 
thermischen 
Energiebedarfs 1 
Thermic energy 
demand measure-
ment 1 

   durch die Erstellung von Anlagen- und Geräte
- datenbanken 
 by creation of plant and equipment databases 

Datenbank 1 / Database 1 

Datenbank 2 / Database 2 

Datenbank 3 / Database 3 

Datenbank 4 / Database 4 

Datenbank 5 / Database 5 

... 

Für den Einsatz der Datenbanken werden verschie-
dene Rechner (z. B. Amortisationsrechner) entwi-
ckelt 
For implementation of databases several calculators 
(e.g. amortization calculator) will be developed 

Temperatur-
messung 2 
Temperature 
measurement 2 

Temperatur-
messung 3 
Temperature 
measurement 3 

Temperatur-
messung 4 
Temperature 
measurement 4 

Temperatur-
messung 5 
Temperature 
measurement 5 

Temperatur-
messung 6 
Temperature 
measurement 6 

Messung des 
thermischen 
Energiebedarfs 2 
Thermic energy 
demand measure-
ment 2 

Messung des 
elektrischen Ener-
giebedarfs 2 
Electric energy 
demand measure-
ment 2 

Messung des 
elektrischen Ener-
giebedarfs 3 
Electric energy 
demand measure-
ment 3 

Messung des 
elektrischen Ener-
giebedarfs 4 
Electric energy 
demand measure-
ment 4 

Messung des 
elektrischen Ener-
giebedarfs 5 
Electric energy 
demand measure-
ment 5 

Messung des 
elektrischen Ener-
giebedarfs 6 
Electric energy 
demand measure-
ment 6 

Messung des 
elektrischen Ener-
giebedarfs 7 
Electric energy 
demand measure-
ment 7 

Messung des 
elektrischen Ener-
giebedarfs 8 
Electric energy 
demand measure-
ment 8 

Messung des 
elektrischen Ener-
giebedarfs 9 
Electric energy 
demand measure-
ment 9 

Messung des 
elektrischen Ener-
giebedarfs 10 
Electric energy 
demand measure-
ment 10 

Messung des 
elektrischen Ener-
giebedarfs 11 
Electric energy 
demand measure-
ment 11 

Messung des 
elektrischen Ener-
giebedarfs 12 
Electric energy 
demand measure-
ment 12 

Messung des 
elektrischen Ener-
giebedarfs 13 
Electric energy 
demand measure-
ment 13 

Messung des 
elektrischen Ener-
giebedarfs 14 
Electric energy 
demand measure-
ment 14 

Energetic analysis of agricultural production process

Fig. 1
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To determine energy consumption of individual production 
processes, farms are grouped with respect to similar economic-
al and production orientation. For specialized nurseries (pig 
nursing and breeding) the average electrical energy consump-
tion is 35 043 kWh per year, and for farms, that achieve consi-
derable additional income from crop production, this value is 
26 952 kWh per year. Compared to other groups such as spe-
cialized crop and forage growers, dairy farms and farms with 
diverse sources of income, theses energy consumption values 
are the highest.

Electrical energy consumption of specialized sow 

breeding farms depending on site conditions

Based on the twelve agricultural regions of Bavaria, it was 
investigated whether site conditions have an infl uence on 
electricity and heat demand of specialized sow breeding farms. 
Agricultural regions AR 1 (Alps) and AR 2 (Alpine forelands) 
were excluded from the analysis, as there are few sow breeding 
farms in these regions for which data on electrical energy con-
sumption is not available. Overall, 1 084 specialized sow bree-
ding farms with a total of 57 637 sows were evaluated. Average 
energy consumption of these farms was 26 584 kWh per year 
with a mean value of 500 kWh electrical energy demand per 
sow and year. In the northern and southern Tertiary hills (AR 4 
and 5) both 58 % of sow breeding farms and of sows are loca-
ted. Only electrical energy demand could be determined in this 
investigation. Therefore, it is not possible to give a reliable esti-
mate of the total energy demand of farms with respect to site 
conditions (differences in temperature between Northern and 
Southern Bavaria).

Electrical energy consumption with respect to farm 

size

Figure 2 shows average electrical energy consumption per sow 
as a function of farm size. From a total of 1 110 specialized sow 
breeding farms, 1 051 farms (95 %) were included in the boxplot 
analysis after eliminating extreme values. The majority of farms 
(61 %) belongs to the size group with up to 50 sows. Farms with 
more than 100 sows constituted only 9 % of all sow breeding ope-
rations in this investigation. Specifi c electrical energy demand 
per sow decreases with increasing farm size. Farms with less 
than 50 sows show the largest variability of specifi c electricity 
consumption. For many of these farms, parts of the electricity 
consumption for the private household and other branches of the 
farm are included in these values. Using interquartile ranges (or 
the regression function) reference values of specifi c electricity 
consumption as a function of farm size can be established.

Potential for saving electrical energy in piglet produc-

tion

Figure 3 presents a scatter plot of the quartile analysis of 
1 082 specialized sow breeding operations, weighted by average 
electricity consumption per sow (kWh per sow).
The breeding operations are divided as follows:

I

Electric energy demand depending on size of farm

Fig. 2

25 % with low electricity consumption ■

25 % with high electricity consumption  ■

50 % with average electricity consumption ■

The range between the linear trend lines for the low and high 
electricity consumption sectors represents potential energy 
savings. From this, for animal populations with 50 sows, an 
energy saving potential of about 30 000 kWh per farm and year 
can be derived. For farms with 100 sows the yearly electrical 
energy saving potential is about 60 000 kWh, for farms with 
150 animals it is about 90 000 kWh.

Preliminary evaluation of energy consumption mea-

surements on experimental farms

On six experimental farms the complete equipment for measu-
ring the electricity consumption of individual components and 
assemblies has been installed and data from remote transmis-
sion are being recorded. On three other farms preparations 
for measuring electrical and heating energy consumption are 
made, and on another two farms planning of installation work 
will begin shortly. For the fi rst six farms the complete data of 
electricity and heat consumption for Juli and August of 2010 
have been recorded. Due to seasonal variations of temperature 
and weather conditions affecting energy demand, it is not use-
ful to extrapolate from these data to the whole year. Figure 4 
presents mean values of energy consumption in kWh per sow 
according to the present state of our research.

In July, the mean heating energy demand of the experimen-
tal farms is 14.4 kWh per sow and the total electricity demand 
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Fig. 4

Average energy consumption of 6 pilot farms in July/August 2010

is 15.8 kWh per sow. In August, the energy demand per sow is 
18.2 kWh for heating and 16.5 kWh for electricity. Ventilati-
on was responsible for 64 % of electricity consumption with a 
small reduction of about 1 kWh per sow in August compared 
to July. The results of our measurements confi rm literature re-
ports about the excessive heating energy consumption and the 
high share of electricity demand for ventilation (59 % of total 
electricity demand in piglet production) [3; 4].

Mean temperature dropped from 21.2 °C in July to 17.2 °C 
in August. As a result, heating energy demand increased sig-
nifi cantly. Decreasing temperatures require the prolonged use 
of IR lamps resulting in higher electricity demand. This sector 
is responsible for about 10% of total electricity consumption. 
Since they are not infl uenced by changing weather conditions, 
the other sectors show smaller variations in energy consumpti-

on given stable animal populations. Three farms did not incur 
operating cost for preparing animal feed, since this was done by 
contractors with mobile feed mixing units. For the other three 
experimental farms about 11 % of total electricity demand was 
for feed preparation.

Conclusions

Using the results of our investigations it is possible to derive 
information on the energy demand of individual production sec-
tions such as for farrowing, mating, weaning and breeding if 
applicable. We are also collecting building data for barns (wall 
and ceiling structures, insulation, isolation, size and number of 
windows, measurements and calculations of heat transfer co-
effi cients, size and building volume) to interpret heating energy 
demand. In addition, consumption of heating oil, gas, wood and 

Fig. 3

Theoretical energy saving potential for sows
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other fuels is recorded to determine the effi ciency of the hea-
ting system and derive measures for optimization. The energy 
demand of the individual components of the ventilation system 
(fans, actuators, controllers, etc.) is measured, and the use of 
heat exchangers to save heating energy is investigated. To cal-
culate specifi c energy demand per piglet and thereby provide 
the basis for economical assessment, characteristic fi gures 
of production output and process technology are determined, 
which are then compared with energy consumption measure-
ments. With a measuring interval of 15 minutes it is possible 
to illustrate load profi les and identify peak load times. Although 
energy suppliers offer load related tariffs only for customers 
with higher electricity consumption, this aspect should not be 
neglected due to economical reasons.
Combining the average values for energy consumption that we 
calculated from mass data with the results from our measure-
ments at experimental farms and the values from our plant and 
equipment database, it is possible to derive planning values for 
the whole farm and individual production sectors. Specifi c re-
commendations that serve to realize energy saving measures 
on individual farms and give assistance for new and replace-
ment investments form the basis for improving the energy effi -
ciency of agricultural operations.
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