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One of the environmental threats that our world has faced today is the greenhouse effect. The
important greenhouse gases including carbon dioxide (CO 2), nitrogen oxide (NOx), methane
(CH4) and chlorofluorocarbon (CFC) cause global warming. Livestock production also releases
CO2 and CH4 to the atmosphere. Swine (monogastric animals) and goats (small ruminant
animals) that are raised for their meat and all produce the emissions of both CO 2 and CH4.
Therefore, the purposes of this study were to determine carbon emission factors, to investigate
the rate of carbon massflow from animal feed to swine and goats, and to study the carbon
emission from energy used in meat production from these farms and slaughterhouses. The
research was conducted in 26 districts and 6 sub-communes in Nakhon Ratchasima, 11 districts
in Chon Buri and 7 districts in Prachin Buri porvinces during October 2010 to September 2011.
Samples of grass and animal feed for feeding in meat production, and the faeces of animals
were collected and transferred to the laboratory for analysis. The results revealed that the
carbon emitted per living weight from swine and goats were 2.81 x 10 -3 and 12.44 x 10-3
kg.C/kg.livestock animal/day, respectively. The rate of carbon massflow from grass and animal
feed (C-input) from swine (0.942±0.04 kg.C/swine/day) was lower than from goats (1.130±1.68
kg.C/goat/day). Carbon emission (C-emission) from swine (0.278±0.58 kg.C/swine/day) was
lower than from goats (0.443±1.46 kg.C/goat/day). Carbon fixation (C-fixation) in swine and
goats were 0.664±0.08 and 0.687±1.06 kg.C/kg.livestock animal/day, respectively. The carbon
emitted from pork production was lower than goat meat productions. The result also showed
that the performance comparison of C-fixation [(C-input – C-emission) / C-input] of swine and
goats were 70.49% and 60.80%, respectively.
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Introduction
The food production system as a whole is recognized as one of the major
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contributors to environmental impacts since it is a great consumer of both
energy and natural resources. The current consumption pattern has motivated
an increasing interest to report the environmental performance of food products
(FAO, 2013). In this sense, the food production, processing, transport and
consumption account for a relevant portion of the environmental greenhouse
gases (GHG) emissions (Keeratiurai et al., 2013; Keeratiurai and Thanee,
2013). One of the environmental threats that our planet faces today is the longterm change in Earth’s climate and temperature patterns due to the global
climate change and greenhouse effect. Carbon dioxide (CO2) and methane
(CH4) from human activities and meat production are the most important
greenhouse gases contributing to global climate change (IPCC, 1995; FAO,
2006). Methane being 23 times more potent than CO2 (IPCC, 1996). Livestock
productions have emitted greenhouse gases from fertilization, feed production,
transportation, energy use in residence, respiration and digestion of livestock
(Thanee et al., 2009a). The effects of livestock productions due to the
employment and changes of natural resources and environmental factors on the
global should be considered (IPCC, 2001; FAO, 2006). The productive
processes should release the least greenhouse gases to avoid such problems and
save the Earth. The carbon footprint is a measure of the exclusive total amount
of CO2 emissions that is directly and indirectly caused by an activity or is
accumulated over the life stages of a product (Thu, 2007; Thu and Shabbir,
2008). Swine and goats have been raised for their meat, and have emitted the
GHG. The carbon footprint is an alternative for consumers to select the
products that release the least greenhouse gases into the environment (Thanee
et al., 2009b). Therefore, it is important to study the relevant factors concerning
the entire production both physical and biotic environments (Thanee and
Keeratiurai, 2010). Moreover, if Thailand needs to be the leadership in trade of
livestock production exports of the ASEAN Economic Community (AEC), the
country has to investigate the basic data of carbon massflow of the livestock
production and develop the process to achieve the least environmental impact.
The objectives of this study were to assess carbon transference and
carbon emission, and to compare the environmental impact in pork and goat
meat productions in Thailand.
Materials and methods
Study area
Nakhon Ratchasima, Chon Buri and Prachin Buri provinces were selected
as study areas based on the data of Agricultural Information Center, Office of
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Agricultural Economics (2004). These provinces have provided many swine
and goats farms and have supplied live animals and meat to other areas of
Thailand (Department of Livestock Development, 2013).
Site sampling and analytical methods
The numbers of farms, swine, and goats in each district of selected
provinces were calculated by Taro Yamane’s formula (Yamane, 1973) as
follow:
n

N
=

(1)
1+Ne2

Where, n = Sample size, N = Population size, e = The error of sampling
The calculation showed that sample sizes were 400 swine farms, 400
swine and 332 goat farms, 400 goats. Animal feed, meat and faeces were
collected and transferred to the laboratory at Suranaree University of
Technology for measurements and analyses. Carbon dioxide was measured
from living swine and goats at the farms. Parameters for the evaluation of
carbon transference and emission were moisture contents (APHA et al., 1992),
carbon contents by CHN-628 Elemental Analyzer (Manlay et al., 2004 a;
Manlay et al., 2004 b; Keeratiurai and Thanee, 2013), CO2 by Gas Analyzer
(Kawashima et al., Terada and Shibata 2000; Keeratiurai and Thanee, 2013),
Volatile solids (APHA et al., 1992) and Weight of swine and goats by weighing
(Vudhipanee et al., 2002; Keeratiurai et al., 2013). Results of these parameters
were also used to compare the environmental impacts from swine and goat
meat productions.
Results and discussions
Carbon input and carbon emission
The carbon contents in the unit of kilogram carbon per kilogramme of
livestock animal production per day (kg.C/kg.livestock animal/day) were used
to study carbon massflow from animal feed to biomass of different livestock
animals (C-input), the carbon mass which was fixed in the livestock bodies
(C-fixation) and the carbon emitted in faeces, digestion and respiration
(C-emission). The results found that the rate of carbon transference from animal
feed in swine and goats in the Nakhon Ratchasima, Chon Buri and Prachin Buri
provinces were 0.942±0.04 kg.C/swine/day and 1.130±1.68 kg.C/goat/day.
Carbon fixation was calculated by using mass balance. The C-input minus the
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carbon emission in faeces, enteric fermentation, and respiration (C-emission)
was the carbon mass fixed in the body (C-fixation). The carbon fixation of
swine and goats were 0.664±0.63 kg.C/swine/day and 0.687±1.06
kg.C/goat/day, respectively. The carbon emission (C-emission) from faeces,
enteric fermentation, and respiration were 0.278±0.58 kg.C/swine/day and
0.443±1.46 kg.C/goat/day. There was no significantly statistical difference
(P ≤ 0.05). The swine had higher carbon fixation efficiency (70.49%) than
goats (60.80 %). Nevertheless, the goats had higher carbon emission from the
same animal weight than swine at 12.440x10-3 kg.C/goat/day and 2.809x10-3
kg.C/swine/day which the values were significantly statistical different
(P ≤ 0.05). These results are shown in Tables (1 and 2).
Table 1 Rates of carbon input, carbon fixation and carbon emission of swine and goats (mean ±
S.D.)
Content

Swine

Goats

C-input (kg.C/ind./day)

0.942±0.04

1.130±1.68

C-fixation (kg.C/ind/day)

0.664±0.08

0.687±1.06

C-emission (kg.C/ind/day)

0.278±0.58

0.443±1.46

C-emission /C-input (%)

29.51

39.20

C-emission /C-fixation (%)
Fixation efficiency
C = (C-input – C-emission)/C-input (%)

41.87

64.48

70.49

60.80

Table 2 Carbon emission per individual per day and carbon emission per day at same weight of
animals (mean  S.D.)

Animal

Fresh faeces
wt
(kg./ind/day)

%
Faeces
per ind.
wieght

Carbon emission
(kg.C/ind/day)

Swine

1.31 ± 0.41

23.1

0.278 ± 0.58

Goat

1.26 ± 2.37

.3.3

0.443 ± 1.46

1976

Mean
live
animal
weight in
farm
(kg./ind)
98.94
2.47
35.61
1.63

±
±

Carbon emission from
same
weight
(kg.C/kg.ind.wt/day) x
10-3

2.809
12.440
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Each kind of livestock animal emitted different total carbon per
kilogramme which a goat emitted higher carbon per day (0.443±1.46
kg.C/goat/day) than a swine 0.278±0.58 kg.C/swine/day). The carbon content
in the form of dry faeces of goat (56.21%) was lower than in swine (61.14%)
but carbon in form of carbon dioxide (CO2) and methane (CH4) from
respiration and excretion of goat (43.51%) was higher than of swine (38.14%)
as shown in (Fig. 1).
120
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80
61.41
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20

38.14

43.51

0

0.147
Swine

0.258
Goat

60
40

% C in dry feaces
% C-emission of CO2 and CH4 from digestion and
respiration

Fig. 1 Ratio of carbon emission per individual per day from different
Animals

The average amount of carbon which was released in the form of CO2 and
CH4 from faeces, digestion and respiration of each animal is shown in (Table
3). Goat emitted higher proportion of CO2 and CH4 at 354.279 x 10-4 time
compared with the same weight of livestock animals. The global warming
potentials (GWP) of CH4 is estimated to be 21 times of CO2 and nitrous oxide
(N2O) almost 310 times of CO2 (IPCC, 2001). Therefore, this study can be
concluded that a goat had more contribution to the cause of global warming
than swine.

1977

Table 3 Gases from swine and goats in farms of Thailand (Mean  S.D)

Anima
l

CO2
(kg./ind/day
)

Ratio CH4 :
CO2

0.0066
0.00030

±

1.50
0

Total
2
source
s=

±

1.6727
0.12860

±

1311
8

13134

0.0005
0.00002

±

0.0005
0.00016

±

0.40
0

Total
2
source
s=

1.1182
0.00630

±

0.8860
0.00021

±

1.26
2

1.262

Mean of gas from

CH4
(kg./ind/day)

Faeces

0.0099
0.00000

±

0.0468
0.00440

Swine
Digestion
respiration

and

Faeces
Goat
Digestion
respiration

and

CH4 :
CO2
At
same
weight
(1 kg.
ani)

3.413
x 3-21

354.27
9
x 10-4

The comparison of the percent of average carbons which were fixed in this
two animals per average carbon content in animal feed for each livestock
animal per day (C-fixation/C-input) found that swine fixed higher (70.49%)
carbon from animal feed than goats (60.80%) as shown in (Table 4).
Table 4 Average percentage of carbon fixation in animal parts (mean  S.D.)
Animal

Total meat (%)

Total entrail (%)

Skin, blood, bone, head, ect.

C-fixation /
C-input

Swine

40.23±2.83

7.89±0.81

52.97%

70.49%

Goat

43.66±1.64

9.27±0.93

48.67%

60.80%

The rest of carbon contents were released from swine and goats through
the excretion of waste (29.51%), and respiration and digestion (39.20%). These
carbons are an important part in causing the environmental problems. The result
showed that swine fixed higher carbon in their bodies and released lower
carbon compare to goats. In addition, the swine had higher carbon fixation
efficiency (68.79%) than goats (63.09%). The results are illustrated in (Fig. 2
and 3).
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Fig. 2 Percentage of C form different parts of swine transferred from
animal feed per day
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Fig. 3 Percentage of C form different parts of goats transferred from
animal feed per day

Carbon emission from energy use in pork and goat meat productions
The survey of farms and slaughterhouses in Nakhon Ratchasima, Chon
Buri and Prachin Buri provinces found that swine and goat farms used much
energy for raising livestock animal per day (kg.C/kg.livestock animal). Most of
energy use including energy for water pumps, transportation of animals, animal
feed and animals to slaughterhouses, and electricity for incubation of small
animals. The results showed that at the same weight of animal productions
goats emitted higher carbon (82.34 x 10-3 kg3C/ kg.goat/day) than swine (8.39 x
10-3 kg3C/ kg.swine/day) as shown in (Table 5).
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Table 5 Average of C-emission from energy in farm and slaughterhouse (mean S.D)
C-emission (kg.C/kg.livestock/day)
Average C from energy
swine
goats
Electricity
0.02 ± 0.02
0.002 ± 0.00
Fuel for transportation
0.81 ± 0.85
2.930 ± 0.03
Fuel for machine or LPG
N.D.
N.D.
Farm
Total
C
from
energy/
0.83
2.93
kg.livestock /day
Total for energy/1 kg.livestock
8.39 x 10-3
82.34 x 10-3
/day
Electricity
0.05 ± 0.04
0.009 ± 0.0040
Fuel for transportation
0.03 ± 0.00
0.037 ± 0.0016
Wood chaff LPG
2.28 ± 1.02
0.320± 0.0010
Slaughterhouse
Total
C
from
energy
2.36
0.37
kg.livestock /day
Total
for
energy/1
23.85 x 10-3
10.39 x 10-3
kg.livestock/day
Total
C-emission kg.C/ kg.livestock /day
3.19
3.30
from energy of two
-3
kg.C/ 1 kg.livestock /day
32.24 x 10
92.67 x 10-3
sources

The comparison of farms and slaughterhouses found that most of carbon
emission from goats was used for transportation of feed and animal to markets
while from swine were used in slaughterhouses. This energy was from chaff
and wood as shown in (Fig. 4). Carbon emissions from swine and goats
production from energy used were 3.19 and 3.30 kg3C/kg.livestock./day,
respectively.
2.93
2.28
1.11
0.120.011

0.37

electricity
fuel for
transportation
swine

goat

wood chaff
LPG

Fig.4 Total carbon emission from the use of electricity, fuel, LPG for
production of pork and goats meat production
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At the same weight of each animal found that swine and goats emitted
carbon from energy use for meat productions at 49% and 51 %, respectively as
illustrated in (Fig. 5). Total carbon emission from goat production was higher
than swine at 92.67 x 10-3 and 32.24 x 10-3kg3C/average animal weight/day,
respectively.

49%,
3.19

51%,
3.30

swine
Fig. 5 Ratio of carbon emission from energy for pork and goat meat
production of farms and slaughterhouses at same animal weight

Analysis for environmental problems from swine and goat productions
The results of average dry weight of animal feed, meat and faeces which
were investigated by the amount of animal feed consumption and faeces
excreted in one day per individual including average living livestock animal
weight from all livestock farms could get the ratio of relationship between dry
faeces weight per average dry weight of animal feed per day. The goats
released higher faeces (31.96%) than swine (26.17%) as shown in (Table 6).
Moreover, swine consumed only 1.94% of dry weight animal feed and released only
0.51% of dry weight faeces which was positively correlated with relationship
between C-input and C-emision livestock animal.

1981

Table 6 Average and relationship between carbon, dry weight of animal feed and faeces from
each animal per day weight of each animal (mean  S.D.)

Ani
mal

Swin
e
Goat
s

Dry
faeces
(kg/ind/d
ay)

Average
rearing
wt

131.24
22.64
152.64
4.68

±
±

0.51
1.16

Dry food
plant for
animal
consump
tion
(kg/ind/d
ay)

1.96
0.68
0.85
0.02

±
±

CH4
wt
from
anim
al
per
dry
food
plant
wt
(%)

Dry food
wt
consump
tion per
live
animal
wt
(%)

Dry
faec
es
wt
per
live
anim
al wt
(%)

0.36

1.94

0.51

0.41

2.42

3.26

Dry
faec
es
wt
per
dry
food
plan
t wt
(%)

26.1
7
31.6
9

C
in
for
m
of
CO
2 +
CH
4

per
foo
d
pla
nt
(%)
8.5
8
12.
28

C
faec
es
per
C
food
plan
t
(%)

20.2
5
24.8
8

Consequenly, the results of this study can be used to analyze the
environmental impacts from each livestock production. The analysis is based
on the Payoff Matrix Principle by using all alternatives such as livestock
production and carbon emission scenarios (Table 7) then make the decision
follow the methods of Sullivan et al., 2003.
Table 7 The carbon emission from situation of swine and goat productions
Suituation of carbon emission (kg.C/wt/day)
Alternative of livestock
C-emission from animal

C-emission from energy use

Swine

2.81 x 10-3

32.24 x 10-3

Goats

12.44 x 10-3

92.67 x 10-3

The Laplace’s Rule was applied to choose the kind of livestock which
caused the highest environmental impact by setting the probability of the equal
scenarios (n=2) as shown in (Table 8). According to the Laplace’s Rule, results
of this analysis could be concluded that swine was the best alternative while
goats created the highest environmental impacts between these two livestock
productions.
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Table 8 Result from the application of Laplace’s Rule
Alternative of livestock

(C-emission from animal +
C-emission from energy use)/n

Swine

(2.81+32.24)/2 = 18.93

Goats*

(12.44+92.67)/2 = 58.78

Remark: *Selected livestock create maximum environmental problem

According to theories and rules applied which were mentioned above in
making the decision on environmental impacts, it can be concluded that pork
production is better alternative than goat production. In the other hand, the goat
meat production causes the highest environmental impacts.
Conclusions
The carbon massflow of swine and goat productions are shown in (Fig. 6
and 7). According to theories and rules applied such as Pay off Matrix and
Laplace’s Rule in making the decision on environmental problems, the studies
could be concluded that pork production was better alternative than goat meat
production. On the other hand, goat meat production caused higher
environmental problems.
C-emission from energy use
Electricity 0.07

0.02

Fuel for transportation
0.82 0.85

Fuel for machine
2.28 1.02

C-emission from respiration
0.094 0.034

C-input 0.942
C emission from faeces
0.0005 0.15

C-output in faeces
1.31 0.41

0.04

Total of carbon
fixation = 0.664 0.08

kg.c/ind/day
C in meat
0.046

C in entrail
0.008

C in bone, skin,
blood etc 0.610

Fig. 6 Diagram of carbon input, carbon fixation and carbon emission
from swine production

1983

C-emission from energy use
Electricity 0.01 1.02

Fuel for transportation
2.30 0.016

Fuel for machine
0.0001 0.04

C-emission from respiration
0.292 0.06

C-input 1.13

C emission from faeces
0.0008 0.03

1.68

kg.c/ind/day
C in meat
0.044

Total of carbon
fixation = 0.678 1.06
C in entrail
0.0093

C-output in faeces
1.26 2.37

C in bone, skin,
blood etc 0.625

Fig. 7 Diagram of carbon input, carbon fixation and carbon emission
from goat production
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