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Abstract: Pig housing system versus greenhouse
gas emissions. Animals emit greenhouse gases
(GHG): carbon dioxide (CO,), methane (CH,)
and nitrous oxide (N,O) through respiration and
digestion, and also in feces. The emission rate
depends on the way animals are fed and housed.
The objective of the study was to determine the
emission rates of carbon dioxide, methane and
nitrous oxide in two pig fattening farms with
deep litter or slatted floor systems. The study was
carried out on farm I, which raises 7,617 pigs on
slatted floor per year, and on farm II, which keeps
1,594 pigs on deep litter. Carbon dioxide equiva-
lents of 25 for CH, and 298 for N,O were used in
the calculations. The study estimated GHG emis-
sions from livestock production only. Greenhouse
gas emissions in CO, equivalent was 374.52 t on
farm I and 68.91 t on farm II, corresponding to
49.17 kg (farm I) and 43.23 kg per pig (farm II).
The present study showed lower GHG emissions
in the deep litter system compared to the slatted
floor system.
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INTRODUCTION

The intensity of the greenhouse effect
is controlled by the accumulation of
greenhouse gases (GHG), the emissions
of which are caused mainly by the burn-
ing of fossil fuels, changes in land use,
deforestation, and livestock production.
Animals emit greenhouse gases such as

carbon dioxide (CO,), which is produced
from respiration, as well as methane
(CH,) and nitrous oxide (N,O), which
come from digestion and animal waste
(Nalborczyk et al. 1997, IPCC 2006).
The emission potential of CH, and N,O
is respectively about 25 and 300 times
higher than that of CO,. The consump-
tion of electricity and liquid fuels, which
is associated with animal production, is
an additional source of CO, emissions.
If a farm cultivates plants for animal
feed, the GHG balance accounts also for
energy used to produce fertilizers and
pesticides. Greenhouse gas balance in
livestock production is estimated using
IPCC Tier 1 and Tier 2 (2006), ASABE
(USDA 2014) and Nalborczyk et al.
(1999) methods, with allowance made
for the data on animal production sys-
tems and production results. The meth-
ane and nitrous oxide emission rates
show high amplitudes for both pigs kept
on slatted floor and those raised on deep
litter (Philippe and Nicks 2014).

The agricultural sector is a signifi-
cant contributor to greenhouse gas emis-
sions, in particular methane and nitrous
oxide, which account for 35 and 73%
of total GHG emissions, respectively
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(KOBIiZE 2012). In looking for ways of
reducing GHG emissions, much atten-
tion is being paid to animal feeding and
housing systems (Cabaraux et al. 2009,
Philippe and Nicks 2014). Management
of animal manure in various pig housing
systems affect the level of GHG emis-
sions. The objective of the study was to
determine the emission rates of carbon
dioxide, methane and nitrous oxide (in
carbon dioxide equivalent) in two pig
fattening farms with deep litter or slatted
floor systems.

MATERIAL AND METHODS

Data for the balance of emissions were
collected in two individual open-cycle
pig farms located in Central Poland. Be-
tween 1 October 2013 and 30 September
2014, detailed information was gath-
ered concerning the course of different
pig production cycles (Table 1) and the
consumption of energy sources used in
livestock production (Table 2). The fat-
teners were kept on slatted floor in the
first farm (farm I) and on deep litter in
the second farm (farm II). The study es-
timated GHG emissions from livestock
production only.

Open-cycle fattening based on pur-
chased feeds was conducted in both
farms. Fattening started at a body weight
of ca 35 kg and ended at a body weight
of ca 122 kg. Four-phase fattening was
conducted in farm I and three-phase fat-
tening in farm II. During the analysed
period, 7,617 and 1,594 pigs were kept
in farms I and II, respectively.

TABLE 1. Production results of pigs raised in the
farms under study

Farm

Data on pig . I II
fattening Unit slatted | deep

floor litter
Number of pigsper | 4| 5539 | 797
production cycle
Duratlop of one day 115 110
production cycle
Number of fattening
cycles during the - 3 2
study
Average weight of
pig on the first day kg 34 35
of fattening
Average weight of
pig on the last day kg 122 121
of fattening
Average feed
conversion kg 2.71 2.79
(kg feed/kg gain)
Average dressing % 792 795
percentage
Ave.rage meatiness % 58.4 501
of pigs sold

TABLE 2. Amount of energy sources used in the
farms under study

Farm
Sot}rc§ of Unit I 1I
emission slatted | deep
floor litter
Electric energy kWh | 48390 | 10800
Diesel fuel dm?® | 6460 | 1870

Emission of CO, was estimated ac-
cording to Nalborczyk et al. (1999) using
KOBIZE (2014) coefficients of electric
energy and fuel oil consumption (Matin
et al. 2004, Ludwicka 2009) as follows:
1 kWh of electric energy — 0.8315 kg
CO,; 1 dm’ of diesel oil - 2.7631 kg CO,
equivalent.
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Daily amount of CH, from digestion
was estimated according to IPCC Tier 1
methodology (IPCC 2006):

CH, = population - 0.00411

where:

CH,— daily methane emissions (kg);
population — number of swine (head);
0.00411 — daily CH, emissions from each
animal (kg).

Methane emission from animal ma-
nure was estimated according to IPCC
Tier 2 methodology (IPCC 2006). Co-
efficients recommended by IPCC were
used based on the data concerning the
number of pigs raised and the housing
system.

MCF
E. =VS-B,-0.67-——
Ha 0 100
where:
E ey daily CH, emissions per animal
(kg);
VS - volatile solids (kg VS/kg dry ma-
nure), VS =0.3;
B, —maximum CH, producing capac-
ity for manure (m’kg VS),
B,=0.45;

MCF — CH, conversion factor for the
manure management system (%),
slatted floor — 10%, deep litter
—2%;

0.67 — conversion factor of m* CH, to
kg CH,.

Emission of N O was estimated ac-
cording to ASABE methodology (USDA
2014), using data on feed composition,
duration of production cycle, pig fatten-

ing and slaughter results, and housing
system:

Ey,o=[n-N,, -(1-%NHloss /100)x

44 1
XEF, ,-—-d-c]-——
w0 55 ] 1,000
where:
EN2 o, — daily nitrous oxide emissions
(kg);
n — number of head of livestock
species (animal);
N, - total daily nitrogen excretion

per animal (g);

%NH loss — percent of N, lost as NH,
in animal housing (USDA 2014,
Tables 5-12);

EF N0 T N,O emission factor for manure
in housing (kg N,O-N/kg N)
(USDA 2014) — deep bedding
— 0.01; pit storage — 0.002 kg;

44
—  — conversion of N,O-N emissions
28 L2
to N,O emissions;
d — days on feed to finish animals
(grow-finish phase) (day);
c — number of phases per year;
1 conversion of g to kg.
1,000
Nex = ]Vintake " “Vretention
where:
N, — total nitrogen excretion per ani-
mal (g);
N, ... —nitrogenintake per finished ani-
mal (g);
tention — Nitrogen retained per finished
animal (g).
DOF,
N._... =ADFI_.-C., —<%
intake G CP 62 5
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N _BW. DR, FFLP,
retention 1594

where:

ADFI, — average daily feed intake over
finishing period (g/day);

C.  — concentration of crude protein
of total (wet) ration (%);

DOF,, — days on feed to finish animals
(grow-finish phase) (day);

BW,  —final (market) body weight (kg);

DP, —average dressing percent (yield)
at final weight (%);

BW,  —initial body weight (kg);

FFLP, —average fat-free lean percentage
at final weight (%).

Carbon dioxide equivalents of 25 for
CH, and 298 for N,O were used in the
calculations (IPCC 2007).

RESULTS AND DISCUSSION

The carbon dioxide emission was calcu-
lated to be 58.09 t in farm I and 14.15 t
in farm II (Table 3). The emission due
to consumption of electric energy, used
for ventilation of livestock buildings,
accounted for 69% in the slatted floor
system and for 63% in the deep litter
system. The remainder of the emission
came from diesel oil burned by agricul-
tural machines for the purpose of organic
fertilizer management. Carbon dioxide
exhaled by animals is not concentrated
in the atmosphere (Walczak 2013) and
was not included in the calculations
(IPCC 2006).

—BW, -[DP, —0.05-(BW, — BW,)]-

FFLP, +0.07-(BW, — BW,)
159.4

TABLE 3. Volume of greenhouse gas emissions
from different sources as tons of CO, equivalent

Farm
Emitted Source of I I
gas emission slatted deep
floor litter
Carbon | €lectric energy | 40.24 8.98
dioxide | jiouid fuels | 17.85 | 5.17
enterie 89.77 | 17.98
Methane | fermentation
animal manure | 198.08 7.93
NIFI"OUS animal manure | 28.59 28.86
oxide

The methane emission as CO,
equivalent totaled 287.85 t in farm I
and 25.91 t in farm II (Table 3). Share
of 69 and 31% of total methane emission
came from animal manure in farm I and
11, respectively. As reported by Zaliwski
and Purchata (2007), the primary source
of methane emissions from animal pro-
duction systems is enteric fermentation
in ruminants and manure from pigs.
Emission of CH, from manure results
from microbial processes occurring in
the manure. Factors that favour meth-
ane production are lack of oxygen, high
temperature, a high level of degradable
organic matter, high moisture content, a
neutral pH, and a C/N of between 15 and
30 (Philippe and Nicks 2014). When esti-
mating methane emissions from manure,
it is necessary to account for region of
the world, climate, technological group
of animals, and the manure management
method (IPCC 2006, KOBIZE 2012).
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The estimated emission of nitrous
oxide did not differ to a significant de-
gree in the analysed farms (Table 3), but
in terms of 1 animal it was more than
four-fold lower in the slatted floor sys-
tem compared to the deep litter system
(Table 4). In livestock buildings N,O
comes exclusively from animal manure
(Philippe and Nicks 2014) and is a by
product of nitrification and denitrifica-
tion. Nitrous oxide emission is estimated
based on the animal’s N (protein) intake
during fattening, N retention, and the
manure management method. In ma-
nure this process is mainly performed
by heterotrophic aerobic bacteria. N,O
accumulation in natural fertilizers is fa-
voured by the presence of oxygen and
the low availability of degradable carbo-
hydrates. Nitrous oxide may also be pro-
duced in other microbial reactions such
as anaerobic or aerobic ammonium oxi-

TABLE 4. Greenhouse gas emissions in the ana-
lysed farms in terms of 1 pig and 1 kg of live pigs

Farm

Emitted I —slatted floor IT — deep litter

gas pure CO, pure Co,
compo- | equiva- | compo- | equiva-

nent lent nent lent

In terms of 1 pig (kg)
Co, 7.63 7.63 8.88 8.88
CH, 1.51 | 37.79 0.65 16.25
N,O 0.01 3.75 0.06 | 18.10
Total - 49.17 - 43.23
In terms of 1 kg of live pigs (g)

Co, 62.51 | 62.51 | 7335 | 7335
CH, 12.39 | 309.76 5.37 | 134.32
N,0 0.10 | 30.76 0.50 | 149.62
Total — 403.03 — 357.29

dation, in the processes known as nitrifier
denitrification and anammox (anaerobic
ammonia oxidation by bacteria). Most
nitrification and denitrification organ-
isms aremesophilic bacteria, as a result
of which N O is generally not produced
at temperatures exceeding 40-50°C. Ni-
trous oxide production from manure has
a stochastic nature, especially due to its
numerous sources of emission and envi-
ronmental controls (Philippe and Nicks
2014).

Greenhouse gas emission as CO,
equivalent per pig and per kg of live pigs
was 49.17 and 43.23 kg in farm I and
0.40 and 0.36 kg in farm II, respectively
(Table 4). The present research showed
that compared to the slatted floor system,
the deep litter system, in terms of unit
of production (1 pig, 1 kg of live pigs)
is characterized by lower CH, emission,
considerably higher N,O emission, and
the consequently lower GHG emission
as CO, equivalent. Since the following
parameters the pig housing system, feed
conversion rate, duration of production
cycle, dressing percentage and meati-
ness were involved in the formulas for
CH, and N,O emission, there is a pos-
sibility to elaborate the efficient way of
substantial reduction of GHG emission
on pig farm.

The carbon dioxide emission, esti-
mated in the analyzed farms, constituted
ca 16-21% of total emission (Figs 1 and
2), but in farm II the proportion of emis-
sions from diesel oil combustion was
36%, which is 5% higher than in farm I.

From the calculated GHG emission,
originating from animal production only
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FIGURE 1. Proportion of different greenhouse
gases in total emission on farm [
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FIGURE 2. Proportion of different greenhouse
gases in total emission on farm II

(without consumption of energy and
liquid fuels during feed production),
it follows that in the slatted floor sys-
tem 77% of total emissions came from
methane, 8% from nitrous oxide, and
the remainder from carbon dioxide due
to consumption of electric energy and
liquid fuels. In farm II, as much as 42%
of total emission came from nitrous ox-
ide, a gas with the highest emission po-
tential (IPCC 2007).

CONCLUSIONS

Slatted floor housing of the pigs caused
five times lower N,O and twice higher
CH, emissions, compared to the deep lit-
ter system, which translated into higher
total GHG emission as CO, equivalent.
GHG emission per pig was ca 12% high-
er in the farm keeping animals on slat-
ted floor compared to deep litter. Com-

parison of GHG emission from two pig
farms belonged to different housing sys-
tems speaks for the prevalence of deep
litter system over slatted floor one.
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Streszczenie: System utrzymania tucznikow
a wielkoS¢ emisji gazow cieplarnianych. Zwie-
rzgta emituja gazy cieplarniane (GHG): dwutle-
nek wegla (CO,), metan (CH,) i podtlenek azotu
(N,0) w procesach oddychania i trawienia oraz
w odchodach. Wielko$¢ emisji zalezy m.in. od
sposobu zZywienia i utrzymania zwierzat. Celem
pracy bylo okreslenie wielkosci emisji dwutlenku
wegla, metanu i podtlenku azotu w dwoch gospo-
darstwach prowadzacych tucz $win na glgbokiej

Scidtce lub na rusztach. Badania przeprowadzo-
no w gospodarstwie I — utrzymujacym rocznie
7617 tucznikéw w systemie rusztowym i w gospo-
darstwie Il — utrzymujacym 1594 tuczniki w sys-
temie glebokiej Scidtki. W obliczeniach przyjgto
rownowazniki na CO, dla CH, i N,O wynoszace
odpowiednio 25 oraz 298. W pracy oszacowano
emisj¢ GHG pochodzaca wytacznie z produkcji
zwierzgcej. Emisja gazow cieplarnianych wy-
razona w ekwiwalencie CO, w gospodarstwie I
wyniosta 374,52 t, w gospodarstwie 11 68,91 t, co
w przeliczeniu na 1 tucznika stanowito odpowied-
nio: 49,17 kg (gospodarstwo 1) i 43,23 kg (go-
spodarstwo II). Na podstawie badan stwierdzono,
ze w $ciolowym systemie utrzymania zwierzat
w poréwnaniu z systemem rusztowym jest mniej-
sza emisja GHG.

Stowa kluczowe: tuczniki, gazy cieplarniane,
emisja, glgboka $cidtka, system rusztowy
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