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Nowadays, the lack of a proper waste management in the livestock sector has contributed, not only to climate
change with greenhouse gas emissions, but also to soil degradation and water quality deterioration. A case study
was carried out in the state of Tabasco, in southeast Mexico, because it holds a signiﬁcant livestock production
that can be compared to some European countries. About 80% of the livestock waste in the region is not properly
managed. In this respect, a biomass resource assessment was performed through an adapted methodology to
quantify the livestock biomass potential according to livestock production systems, zootechnical functions and
technical factors. Additionally, a weighted decision matrix (WDM) was designed to determine the most feasible
technologies employing sustainability criteria. Theoretical and technical biomass potentials were obtained
corresponding to 7,864,796 tonnes/year and 765,947 tonnes/year, respectively. As a result, the technical biomass potential is aﬀected by the livestock production system in the region. A technical energy potential of
396,727 GJ/year was calculated from livestock biomass, which could be used to energise around 7,688,510
refrigerators and replace the use of 64,030 tonnes of wood. Finally, silvopastoral systems, composting and
anaerobic digestion were the most feasible technologies and practices according to the WDM.

Introduction
Nowadays population growth has brought an increasing energy
demand linked to environmental degradation. Around 78% of this energy demand is supplied by fossil fuels [1], resulting in a rise of pollution through the production of greenhouse gas emissions. In addition,
the lack of a proper waste management in forestry, agriculture and livestock sectors has contributed to exacerbate this environmental problem [2].
Livestock sector is one of the major generators of organic material.
The presence of organic residues, which are decomposed through natural processes, causes the production of signiﬁcant amounts of methane
which are released naturally to the atmosphere [3]. Land and water are
also aﬀected by the livestock waste accumulation.
Diverse solution mechanisms have been proposed to tackle this
problem in order to propel energy production in an eﬃcient way,
bearing in mind environmental conservation [4]. One of the proposed
solutions takes into account the use of clean energies to mitigate the
climate change [5].
Bioenergy is one of these clean energies that allows the use of the
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energy stored in the biomass, which stands out from other waste
treatments [6] and energy generation technologies. This type of energy
is estimated to be the 4th largest resource in the world [7]. The use of
livestock waste as biomass is much more recurring in developing
countries where primary sector activities have a larger contribution to
their economy.
In this context, across diﬀerent countries, diverse studies have been
carried out in order to assess the theoretical and technical biomass
potentials and the most suitable technologies from livestock waste exploitation. This is the case, for example, in Thailand [4], in Ghana [8]
and in Bangladesh [7].
In Mexico, there have been few studies on bioenergy potential assessments. For instance, Ríos and Kaltschmitt [9] reported an overall
bioenergy potential from livestock waste. The results take a broad view
from the livestock production systems, as well as the use of biomass
resources as biofuels. Mexico is one of the mega diverse countries in the
world, which means that due to the diversity of ecosystems and climates, livestock production systems are aﬀected. In this regard, Tabasco, the southeast region of the country is iconic and stands out for its
cattle production (Fig. 1). Therefore, an accurate biomass assessment
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Fig. 1. Location of Tabasco.

which comes from livestock production in Tabasco, remains in soil and
water bodies, aﬀecting the ecosystem.
In this respect, the objective of this study was the assessment of the
theoretical and technical biomass potentials in the 17 municipalities of
Tabasco from swine and cattle manure through an adapted methodology. Moreover, the most feasible technological options for the biomass treatment were analysed using a weighted decision matrix
(WDM). In general terms, this study takes into account the livestock
production systems, zootechnical functions, technical factors and sustainability criteria in order to set the foundations for sustainable projects in the region involving energy eﬃciency to meet the needs of
power and thermic comfort of rural communities.

must be achieved considering theoretical and technical factors, but also
generating a standard methodology that can be replicated and applied
to other countries.
Theoretical biomass potential is deﬁned as the total maximum
amount of terrestrial unprocessed biomass available within fundamental biological and physical limits. Technical biomass potential refers to the fraction of the theoretical potential which is available under
certain technical conditions related to the existing technologies. A
sustainable implementation of these potentials must be deﬁned taking
into consideration additional environmental, economic and social criteria [10].
One of the diﬀerent technologies to treat organic matter is anaerobic digestion, which is one of the most suitable for the physicochemical properties of cattle and swine waste. Both types of waste have
a moisture content around 50–55% and a low carbon to nitrogen (C:N)
ratio, less than 30 [11]. One of the advantages of these technologies is
that not only is biogas produced, but also sludge, which can be used as
fertiliser for croplands [12]. In this context, Germany is still the biogas
production leader that uses agricultural and forest biomass [13].
In the Mexican livestock sector, the anaerobic digestion technology
has been recently proposed by the local government. From 2000 to
2014, the Shared-Risk Trust Fund of the Secretary of Agriculture,
Livestock, Rural Development, Fishery and Food (FIRCO-SAGARPA,
Spanish acronym) has reported around 939 anaerobic digestion systems
installed across the country, mainly for stabulated livestock production
systems [14].
Despite the signiﬁcant cattle production in Tabasco, which occupies
the 7th place in Mexico with 1,583,656 head of cattle (Fig. 2), there are
no anaerobic digestion systems for the livestock sector supported by the
local government, only the ones introduced by private and civil associations. To put into perspective, the territorial extension of Tabasco
(24.73 km2) is similar to the territorial extension of Belgium
(30.52 km2) and Albania (28.74 km2). Cattle production in Tabasco can
also be compared to European countries (head of cattle) such as The
Czech Republic (1,368,810), Portugal (1,407,270), Sweden (1,496,530)
and Denmark (1,614,640) [15]. However, over 83% of livestock waste,

Materials and methods
Fig. 3, summarises the methodology for biomass resource assessment as well the technology feasibility analysis.
Theoretical biomass and energy potential
The theoretical biomass potential (ThBP) from livestock waste in
Tabasco was estimated using a statistical method [10] that considers
swine and cattle manure production. This method is based on the
number of head of livestock available in the 17 municipalities of Tabasco. It employs a “manure per head” ratio for each type of livestock
taking into consideration factors such as the zootechnical functions and
the weight of the animals (Eq. (1), Table 1). The data collected was
gathered from several governmental statistical databases and from ﬁeld
information.

ThBP =

∑N

headi∗MpHi

(1)

where
ThBP = theoretical biomass potential from livestock waste (tonnes/
year).
Nheadi = number of head for each type of livestock.
MpHi = manure per head ratio (tonnes/head).i = type of livestock
84
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Fig. 2. Main cattle producers in Mexico (head of cattle).
Source: [16].

(swine or cattle).
In order to estimate the theoretical energy potential (ThEP) from
livestock waste, speciﬁc yields and energy content of biogas were also
considered employing an adapted equation from the methodologies
proposed by the Biomass Technology Group [10] and Ríos &
Kaltschmitt [9] (Eq. (2)):

ThEP =

∑N

headi∗MpHi∗TSi∗VSi∗ BYi∗GEC∗CF

Table 1
Manure production based on livestock weight and zootechnical functions in the region.
Zootechnical
function Cattle

Description

Average
weight (kg)

Manure
production (kg)

Dairy Cattle

Cows with oﬀspring
(less than 7 months)
Adult bull
Weaned calves

425.0

34.0

532.0
255.0

42.5
20.4

Bovine 12–17 months
17–22 months
22–32 Months

297.5
318.7
282.5

23.8
25.5
30.6

Zootechnical
function Swine

Description

Average
Weight (kg)

Manure
Production (kg)

Stud
Wombs
Oﬀspring
Animals in
Fattening stage

Adult pig
–
Less than 8 weeks
–

180.0
150.0
20.0
75.0

5.2
5.0
1.8
5.3

Stud
Animals in
Fattening stage
Beef Cattle
Dual Purpose
Working Animals

(2)

where
ThEP = theoretical energy potential from livestock waste (GJ/
year).
TSi = total solids, dry manure (%).
VSi = volatile solids (%).
BYi = biogas yield for each type of livestock (m3/tonne).
GEC = energy content of biogas (MJ/m3).
CF = conversion factor: MJ to GJ.
Technical biomass and energy potential

Source: [17].

The technical biomass potential (TeBP) and energy potential (TeEP)
for livestock waste were estimated considering a technical constraint,

Fig. 3. Methodology.
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named “useful production system (UPS)”. This useful production system
refers to the feasibility of manure collection. In technical terms, the UPS
represents the fraction of the overall cattle production that allows the
collection of manure, excluding the extensive production systems.
These systems are mainly dominated by stabulated or semi-stabulated
cattle, for animal feeding operation (feedlots). In the UPS, the biomass
resource is available and accumulated in a common place, facilitating
its use as raw material. Eq. (3) represents the technical biomass potential:

TeBP =

∑N

headi ∗MpHi ∗UPSi

Table 3
Biomass and energy potential categorisation.
Biomass and energy potential categorisation

(3)

where
TeBP = technical biomass potential from livestock waste (tonnes/
year).
Nheadi = number of head for each type of livestock.
MpHi = manure per head ratio (tonnes/head).
UPSi = useful production systems (%).i = type of livestock swine or
cattle.
The technical energy potential from livestock waste was calculated
considering a methane conversion factor, where 1 m3 of biogas is equal
to 21.5 MJ [18] with a methane content that varies between 55% and
60% and a 1.9 kWh power production (Eq. (4)) [19]. The technical
factors used in the study are presented in Table 2.

TeEP =

∑N

headi ∗MpHi ∗UPSi ∗TSi∗VSi∗BYi∗GEC∗CF

Cattle
Swine

12
80

80
85

250
375

1
2

Theoretical biomass
potential
(tonnes/year)
Technical energy
potential (GJ/
year)

60,088–335,995

335,996–654,329

654,330–1277,511

5297–18,462

18,463–37,084

37,085–93,812

(4)

∑F

Wi∗

SVi
MV

(5)

Results
Biomass and energy potential
From a general perspective, extensive and intensive production
systems (stabulated or useful production systems) are employed for
cattle production in the 17 municipalities of Tabasco. Most of the cattle
production (91.4%) in the region is considered as an extensive livestock
production system, where cattle remain scattered in pasturelands
(Table 4). Balancán and Huimanguillo are the municipalities that contribute with a greater cattle production in Tabasco with 12.3% and
16.0%, respectively.
In respect of swine production, most of it is kept in feedlots or
stables, whereas a minor portion remains scattered in meadows or
pasturelands (Table 5). Cárdenas and Huimanguillo are the municipalities that contribute with a greater swine production compared to
Table 4
Cattle production in Tabasco: useful and extensive production systems.

Table 2
Technical factors used for biomass assessment.
Source: [17].
Biogas yield (m3/ton
VS)2

High

where
WS = weighted sum.
FWi = weight of each factor: 25.
SVi = selected value from the established scale.
MV = maximum value from the established scale.

The diﬀerent technologies and processes, which could be implemented in the municipalities of Tabasco, for cattle and swine
manure management were analysed through the elaboration of a
weighted decision matrix. This graphical statistical method allows the
selection between diﬀerent options on a weighted basis and the application of the chosen criteria [23].
The technologies and practices proposed in this study consider the
characteristics of the livestock production systems (stabulated production and extensive production systems) and include physical, chemical
and biological processes as well as other practices.
The chosen criteria comprise four diﬀerent factors: technical, economic, social and environmental. The relationship between, on one
hand, the feasible technologies or practices and on the other, the chosen

Volatile solids
(%)1

Medium

WS =

Selection of technologies for manure management in Tabasco

Total solids
(%)1

Low

criteria is given by a sole number taken from an established scale. Thus,
the weighted sum obtained is related to the viability of each technology. The higher the total weighted sum is, the more feasible that
technology can be for its implementation. The weighted sum was calculated using the following equation:

where
TeEP = technical energy potential from livestock waste (GJ/year).
TSi = total solids, dry manure (%).
VSi = volatile solids (%).
BYi = biogas yield for each type of livestock (m3/tonne).
GEC = energy content of biogas (MJ/m3).
CF = conversion factor: MJ to GJ.
For the spatial representation of both biomass and energy potentials
in the municipalities of Tabasco, the ArcGIS 10.2 software was employed using the calculated data. Data were adjusted to a linear equation and 3 diﬀerent values: high, medium and low were obtained based
upon the Jenks Natural Breaks algorithm, representing the biomass and
energy potentials (Table 3).

Type of livestock

Potential/category

Total and volatile solids [20–22].
Biogas yield [18,21].

Municipalities of
Tabasco

Cattle production
(head of
livestock)1

Useful
production
systems (%)1

Extensive
production
systems (%)1

Balancán
Cárdenas
Centla
Centro
Comalcalco
Cunduacán
Emiliano Zapata
Huimanguillo
Jalapa
Jalpa de Méndez
Jonuta
Macuspana
Nacajuca
Paraíso
Tacotalpa
Teapa
Tenosique

117,512
69,055
44,855
81,476
36,654
31,294
29,133
153,643
53,727
25,287
50,410
98,185
37,896
7008
36,674
22,167
62,784

5.9
7.7
15.2
4.5
12.7
8.5
10.9
13.0
5.6
4.1
8.4
2.9
23.4
16.7
3.1
4.5
8.7

94.1
92.3
84.8
95.5
87.3
91.5
89.1
87.0
94.4
95.9
91.6
97.1
76.6
83.3
96.9
95.5
91.3

Tabasco

957,760

8.6

91.4

1
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Source: [24].
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Table 5
Swine production in Tabasco: useful and extensive production systems.
Municipalities of
Tabasco

Swine production
(heads of
livestock)1

Useful
production
systems (%)1

Extensive
production
systems (%)1

Balancán
Cárdenas
Centla
Centro
Comalcalco
Cunduacán
Emiliano Zapata
Huimanguillo
Jalapa
Jalpa de Méndez
Jonuta
Macuspana
Nacajuca
Paraíso
Tacotalpa
Teapa
Tenosique

9024
15,173
6516
10,748
14,244
8232
1629
18,449
3610
7652
5057
10,950
4763
5557
4211
1499
6553

71.4
75.0
60.2
61.5
73.4
75.3
76.4
75.8
63.0
62.5
82.3
51.3
73.0
58.0
78.7
86.7
77.0

28.6
25.0
39.8
38.5
26.6
24.7
23.6
24.2
37.0
37.5
17.7
48.7
27.0
42.0
21.3
13.3
23.0

Total

133,867

69.8

30.2

1

Table 7
Technical biomass potential from cattle and swine manure (tonnes/year).
Technical biomass potential

Source: [24].

the rest of the municipalities of Tabasco with 11.3% and 13.8%, respectively.
The estimated theoretical and technical biomass potentials from
livestock waste (cattle and swine) are shown in Table 6 and Table 7,
respectively. Since Huimanguillo and Balancán are the municipalities
with the highest number of head of livestock, they are the ones which
contribute with the greatest overall theoretical biomass potential representing 16.2% and 12.4%, respectively. The major contributor to
biomass generation comes from cattle manure with 7,713,369 tonnes/
year. The technical biomass potential calculated for Tabasco shows a
minor value compared to the theoretical biomass potential, with
765,947 tonnes/year (Table 7).
A map for the representation of the theoretical biomass potential is
shown in Fig. 4. This spatial distribution is related to the arrangement

Balancán
Cárdenas
Centla
Centro
Comalcalco
Cunduacán
Emiliano Zapata
Huimanguillo
Jalapa
Jalpa de Méndez
Jonuta
Macuspana
Nacajuca
Paraíso
Tacotalpa
Teapa
Tenosique

968,694
531,566
329,510
643,660
283,749
248,457
243,309
1,254,858
448,487
195,249
428,018
804,658
288,024
54,755
295,269
185,167
509,939

10,208
17,801
6485
10,669
16,780
10,526
2142
22,653
3777
7804
7108
9317
5856
5333
4925
2095
7949

978,901
549,367
335,995
654,329
300,529
258,983
245,450
1,277,511
452,264
203,053
435,126
813,975
293,880
60,088
300,194
187,262
517,888

Tabasco
Contribution3

7,713,369
98.1%

151,427
1.9%

7,864,796
100%

3

Balancán
Cárdenas
Centla
Centro
Comalcalco
Cunduacán
Emiliano Zapata
Huimanguillo
Jalapa
Jalpa de Méndez
Jonuta
Macuspana
Nacajuca
Paraíso
Tacotalpa
Teapa
Tenosique

57,390
40,744
50,218
28,803
36,167
21,111
26,491
163,551
25,093
8038
35,958
23,185
67,324
9134
9170
8337
44,201

7287
13,351
3901
6566
12,318
7929
1637
17,181
2379
4881
5848
4776
4277
3093
3876
1815
6117

64,677
54,095
54,119
35,369
48,485
29,040
28,128
180,733
27,472
12,919
41,807
27,960
71,601
12,227
13,046
10,152
50,318

Tabasco
Contribution3

660,246
86.2%

105,700
13.8%

765,947
100%

3

Source: [24].
Field information for “manure per head” ratio.
Contribution percentages to overall biomass potential (cattle and swine).

of the biomass from livestock waste produced in the diﬀerent geographical regions of the state.
The theoretical and technical energy potentials for each type of livestock are shown in Table 8 and Table 9. These values were calculated
in accordance with Eqs. (2) and (4). The technical factors were taken
from Table 2.
In Tabasco, the overall theoretical energy potential estimated was
4,063,118 GJ/year. Huimanguillo and Balancán reported the largest
contributions to this potential. The overall technical energy potential
for Tabasco was 396,727 GJ/year (Fig. 5). Huimanguillo and Nacajuca
are the largest contributors with 23.6% and 9.3%, respectively.
A summary including the main results for overall biomass and energy potentials in the state of Tabasco is shown in Table 10.

Overall livestock
biomass potential
(tonnes/year)

Cattle biomass
potential
(tonnes/year)

2

Overall livestock
biomass potential
(tonnes/year)

Technology feasibility
12

Municipalities of
Tabasco

1

Swine biomass12
potential
(tonnes/year)

2

Theoretical biomass potential
Swine biomass
potential
(tonnes/year)

Cattle biomass12
potential
(tonnes/year)

1

Table 6
Theoretical biomass potential from cattle and swine manure (tonnes/year).

12

Municipalities of
Tabasco

The technologies and practices for manure management can be
classiﬁed, according to the type of process, in: physical, chemical,
biological or others (Table 11).
Physical processes
Physical processes include sedimentation, centrifugation, pelletizing
(pressing) and ﬁltration. Waste can be separated in two diﬀerent
phases: liquid and solid, which facilitates its treatment and usage.
Water recovery from manure improves its handling and it can be used
for the cleaning of stables. Nutrients can be separated within the solid
fraction, thus transportation is facilitated [26]. Moreover, the solid
fraction can be used for fertiliser production, whereas the liquid fraction can be used for ﬁeld irrigation.
Chemical processes
Precipitation, disinfection, stabilisation and ionic exchange are notable among the chemical processes applied to manure management.
The removal of nitrogen, phosphorus and some heavy metals can be
done when chemical and physical processes are applied in conjunction.
Their use however, has not become widespread in rural communities
where the cost of their application is deemed to be a drawback that
plays an important role in this matter.

Source: [24].
Field information for “manure per head” ratio.
Contribution percentages to overall biomass potential (cattle and swine).
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Fig. 4. Theoretical biomass potential in Tabasco.
Source: [25].

Table 8
Theoretical energy potential from cattle and swine manure (GJ/year).

Table 9
Technical energy potential from cattle and swine manure (GJ/year).

Theoretical energy potential

Technical energy potential

Municipalities of
Tabasco

Cattle energy
potential (GJ/
year)

Swine energy
potential (GJ/
year)

Overall livestock
energy potential
(GJ/year)

Municipalities of
Tabasco

Cattle energy123
potential (GJ/
year)

Swine energy123
potential (GJ/
year)

Overall livestock
energy potential
(GJ/year)

Balancán
Cárdenas
Centla
Centro
Comalcalco
Cunduacán
Emiliano Zapata
Huimanguillo
Jalapa
Jalpa de Méndez
Jonuta
Macuspana
Nacajuca
Paraíso
Tacotalpa
Teapa
Tenosique

499,846
274,288
170,027
332,415
146,415
128,204
125,547
647,507
231,419
100,748
220,858
415,204
148,621
28,254
152,359
95,546
263,129

5596
9760
3555
3850
9200
5771
1174
12,419
2071
4279
3897
5108
3210
2924
2700
1149
4358

505,442
284,048
173,582
337,978
155,614
133,975
126,721
659,926
233,490
105,027
224,754
420,312
151,831
31,177
155,059
96,695
267,487

Balancán
Cárdenas
Centla
Centro
Comalcalco
Cunduacán
Emiliano Zapata
Huimanguillo
Jalapa
Jalpa de Méndez
Jonuta
Macuspana
Nacajuca
Paraíso
Tacotalpa
Teapa
Tenosique

29,613
21,024
25,912
14,863
18,662
10,893
13,670
84,393
12,948
4,148
18,554
11,963
34,739
4713
4732
4302
22,808

3995
7320
2139
3600
6753
4347
897
9420
1305
2676
3206
2618
2345
1696
2125
995
3354

33,609
28,344
28,051
18,462
25,416
15,240
14,567
93,812
14,252
6824
21,761
14,582
37,084
6409
6857
5297
26,161

Tabasco
Contribution4

3,980,098
98.0%

83,020
2.0%

4,063,118
100%

Tabasco
Contribution4

337,936
85.2%

58,791
14.8%

396,727
100%

1
2
3
4

123

123

1

Source: [24].
Field information for “manure per head” ratio.
Conversion factors, 1 m3 of biogas is equal to 21.5 MJ, 1 MJ is equal to 10−3 GJ.
Contribution percentages to overall livestock potential (cattle and swine).

2
3
4

Source: [24].
Field information for “manure per head” ratio.
Conversion factors, 1 m3 of biogas is equal to 21.5 MJ, 1 MJ is equal to 10−3 GJ.
Contribution percentages to overall livestock potential (cattle and swine).

systems have become a more recurrent technology and have proven to
be an aﬀordable option for cattle and swine producers in the country
[27].

Biological processes
Organic matter contained in the manure is decomposed anaerobically or aerobically through the application of biological processes. In
this study, composting, anaerobic digestion systems and vermicomposting are considered as biological processes. Diﬀerent kinds of
by-products are also produced. In Mexico, the anaerobic digestion

Other processes and practices
One of the most common practices in developing countries is to
88
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Fig. 5. Technical energy potential in Tabasco.
Source: [25].

integration of trees and grazing livestock in pasturelands. These systems
are intensively managed for forest products and include introduced or
native grasses, legumes and rotational grazing systems [29]. Recycling
of nutrients can be achieved through silvopastoral systems, since a representative fraction of nutrients is extracted and returned to soil
through its deposition on the surface, foliage and livestock waste.
Moreover, these systems help to reduce erosion processes and increase
fertility in soil [30].

Table 10
Theoretical and technical potentials in the state of Tabasco.
Summary of biomass and energy potentials in the state of tabasco
Theoretical biomass
potential (tonnes/
year)

Technical
biomass potential
(tonnes/year)

Theoretical energy
potential (GJ/
year)

Technical energy
potential (GJ/
year)

7,864,796

765,947

4,063,118

396,727

Selection of the most feasible technologies
combine manure with other materials in order to use it as food for livestock [28]. This kind of practice represents an easy way to reuse these
residues. Nonetheless, in this study, “other practices” refers to silvopastoral systems. In general, the silvopastoral systems consist of the

When it comes to technology feasibility analysis, it is not enough to
consider a single-criterion method but rather diﬀerent criteria must be
taken into account since renewable energy technologies are an

Table 11
Weighted decision matrix for technology feasibility analysis in livestock production systems of Tabasco.
Weighted decision matrix
Sustainability

Technical

Economic

Social

Environmental

Weighed Sum

Criteria
Physical processes
Sedimentation
Centrifugation
Pelletizing

25

25

25

25

100

25
25
10

15
10
10

10
10
20

20
20
20

70
65
60

Chemical processes
Stabilisation
Disinfection

20
10

15
5

5
15

10
20

50
50

Biological processes
Anaerobic digestion
Composting
Vermicomposting

20
25
25

10
20
20

20
15
15

20
20
20

70
80
80

Others
Silvopastoral systems

25

25

10

25

85
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interdisciplinary ﬁeld [31]. Currently, social and environmental criteria
have gained interest and importance. The assessment carried out by Al
Gami et al. [31] considered these factors in order to evaluate the feasibility of the implementation of renewable energy technologies.
The most common processes and practices for manure management
are presented in a weighted decision matrix, which represents the level
of importance of the chosen criteria. Technical, economic, social and
environmental criteria were taken into consideration for the assessment
of technology feasibility.
An equal weight of 25 was assigned for each criterion in order to
yield an overall value of 100 for the weighted decision matrix. Each
criterion holds the same relevance for the analysis. A scale from 1 to 5
value was used to relate each factor to the analysed technologies in
terms of the amount and types of processes involved, economic investment, beneﬁts for the producers and neighbouring communities
and environmental impact. The weighted sum was calculated and the
results in order of relevance are shown in Table 11.
Composting and vermicomposting have the highest values among
the diﬀerent options for useful livestock production systems. The lowest
values correspond to chemical processes such as stabilisation and disinfection.
Regarding the extensive livestock production systems in the region,
silvopastoral systems are relevant to their use in pasturelands because
no specialized equipment is needed and a low investment is required for
their implementation. Currently, the total area of extensive livestock
production systems in Tabasco is 9833 km2 (98,330 ha), which excludes ﬂooding areas, Protected Natural Areas (PNA) and human settlements. This estimated area can be used to introduce silvopastoral
systems (Fig. 6).

data reported by national government statistics and the data reported
by the National Institute of Geography and Statistics (INEGI, Spanish
acronym). In this respect, information related to livestock (cattle and
swine) production from the Agri-Food and Fishing Information Service
(SIAP, Spanish acronym) and the INEGI were inconsistent.
Nevertheless, only information from INEGI statistics was considered in
the analysis due to the disaggregated data. This information presents
more detailed data on livestock production systems, livestock age and
zootechnical functions. Furthermore, the data comes from the inquiry
applied during the national livestock vaccination. Thus, theoretical and
technical biomass potentials were calculated using the information
provided by the national livestock census from 2007 (last reported
census) for an accurate analysis.
When calculating biomass potentials, the use of ﬁeld information is
imperative, as this ensures more accurate results. Field information
collected for this study is similar to that reported by Batzias et al. [18].
The total cattle manure production reported in a year was 10.8 tonnes/
head [18], whereas in the present analysis it was estimated an average
of 10.6 tonnes/head. Moreover, the total swine manure production
reported in a year was 1.9 tonnes/head compared to an average of 1.6
tonnes/head for the present study. This supports the reliability of the
source data, particularly the “manure per head ratio” calculated in the
assessment.
The methodology proposed allows the use of incoming data from
upcoming census, and its replication to other states of the country
considering the diﬀerences in the livestock production systems. In this
context, there have been few studies on biomass and energy potential
assessments in Mexico from diﬀerent biomass sources such as those
from Ríos and Kaltschmitt [9] and Hernández et al. [2]. However, this
is the ﬁrst study carried out employing an adapted methodology that
considers technical factors and criteria according to the type of livestock and production systems that can be replicated to other states in
the country and oﬀers technological options for livestock waste management. There is the need of more detailed and reliable results on
biomass resource quantiﬁcations that can help envisage the application

Discussions
Data handling
A diﬃculty during the data handling was the diﬀerence between the

Fig. 6. Suitable area for implementing silvopastoral systems in the state of Tabasco.
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obtaining of a valuable product. For instance, in order to get a proﬁtable biogas production system that employs anaerobic digestion technology, it is recommended at least 300 head of cattle per production
unit [40]. Khan et al. [41] points out the need of about 8 head of cattle
per household in order to provide cooking gas, electricity and safe
drinking water through biogas-based polygeneration systems. In this
regard, Javed et al. [42] suggested that the use of biomass as an energy
resource helps to create new jobs and could play an important role in
the growth of local businesses relating to the utilisation of by-products
obtained through the processing of biomass.
About the least rated technologies, stabilisation and disinfection
(chemical processes) require a high investment and pre-treatment
processes which is related to more equipment and instrumentation.
Moreover, their operation needs to be supervised and as a consequence,
maintenance expenses must be covered. For example, for pelletizing
technology, which is more suitable for dry manure, investment and
operation costs are higher and limited to small and medium-scale operations [43].
Silvopastoral systems represent a viable practice for recycling and
treating manure from extensive production systems. According to the
analysis, this practice was one of the top-rated, mainly because it is
adaptable for the extensive production systems in Tabasco. Producers
can reap the beneﬁts from its implementation by planting and harvesting fruit and hardwood trees, which could represent an income
source for them. Furthermore, this practice helps to contribute to reducing the impact to the environment from natural GHG emissions that
come from cattle and swine manure.

of feasible technologies and practices to manage livestock waste. In
addition, a better approach can contribute to avoid overestimations and
underestimations of biomass potentials, especially when diﬀerent social
and environmental contexts are taken into account. This is the importance of the livestock production systems, whose role has inﬂuenced
directly on the biomass potential assessment.
Biomass and energy potentials
According to the calculations for biomass and energy potentials in
Tabasco, the overall theoretical biomass potential (7,864,796 tonnes/
year) is over 10 times greater than the overall technical biomass potential (765,947 tonnes/year). This is also the same case for the overall
theoretical energy potential (4,063,118 GJ/year) and the overall technical energy potential (396,727 GJ/year). The biomass potential reduction is notable and it is mainly owing to the minority of cattle useful
production systems in the municipalities of Tabasco (8.6%).
The overall technical energy potential estimated for Tabasco could
be used to produce 396,727 GJ/year which is equivalent to
35,060 MWh/year or 1461 MW/year, which could avoid the release of
56,095 tonnes of CO2 per year. Energy production through biomass is
carbon-neutral since it approximately releases as much carbon dioxide
as it takes in [32]. For every MWh of power generated using biomass,
approximately 1.6 tonnes of CO2 are avoided [33].
To cite an example, the biogas production in terms of power from
countries like Belgium (341 GWh) with a territorial surface of
30.53 km2 [34,35] similar to Tabasco (24.73 km2) is 10 times higher
than the technical energy potential obtained for the region of study
(35.06 GWh). However, Belgium employs biogas as one of its major
energy sources, whereas in Tabasco this biomass potential is wasted,
even though it represents a great source of energy that can be used to
power 7,688,510 refrigerators, under the assumption that 1 m3 of
biogas can provide power to a 14 ft3 system during 10 h for 1 year [36].
Another beneﬁt could be to substitute the use of 64,030 tonnes of wood,
considering that 1 m3 replaces the use of 3.47 kg of wood [37,38], as
most of rural communities could use this energy for heating purposes.
A technical energy potential from livestock manure in Tabasco was
calculated employing the methodology designed by Ríos and
Kaltschmitt [9]. In this regard, values of 0.35 PJ/year and 3.10 PJ/year
were obtained for swine and cattle manure, respectively. In contrast,
the technical energy potential calculated through the adapted methodology proposed in this study was 0.058 PJ/year and 0.34 PJ/year for
swine and cattle manure, respectively. These results show a signiﬁcant
diﬀerence of 6 and 9 times less the values of the technical energy potentials calculated with the methodology by Ríos & Kaltschmitt [9] for
cattle and swine manure, respectively. This is translated into an overestimation of the technical energy potentials that may inﬂuence the
energy planning of the region. However, the methodology proposed in
this analysis reﬂects the reality of the livestock production systems and
can be applied to other regions of the country.
From these results, the possibility for using cattle and swine manure
as a source of energy (heating and power) in households of the municipalities of Tabasco is achievable. The lack of access to electricity is
still a problem for 7651 households in Tabasco [39]. One of the advantages of energy production through the use of livestock waste is the
proximity of livestock production systems to rural households and
neighbouring communities. This proximity reduces transportation and
road construction costs for technology implementation [12].

Sustainability impact of biomass resource assessment
The environmental, social, economic and technical impact, associated with the most feasible technologies for the use of biomass resource in Tabasco, oﬀer an approach for livestock waste valorisation.
The energy potentials obtained are mandatory not only for energy
planning, but also for climate change mitigation.
In this respect, from an environmental perspective, if biomass resource from livestock is managed in a sustainable way, its treatment
could help reduce CO2 emissions and mitigate global warming [33]. In
Tabasco, the GHG annual emissions come mainly from livestock production, particularly from enteric fermentation and manure management. The annual average of GHG emissions in 2011 was 2113 Gg CO2
eq. [44]. From the technical energy potential estimated in this study,
the release of 56,095 tonnes of CO2 per year to the atmosphere could be
avoided.
From a social perspective, the technology assessment for manure
management should not only take into consideration technical factors.
There have been many cases where the implementation of new technologies in Tabasco has failed due to the low degree of acceptance of
“new” practices from the members of the involved communities. In this
regard, this study considers a social criterion, which emboldens the
acceptance and the feasibility for the implementation of sustainable
projects.
From an economic perspective, the initial investment for the proposed technologies and the cost of pre-treatment processes for livestock
manure were taken into account. However, there could be indirect and
induced economic impacts that should be considered in further studies.
From a technical perspective, technologies that could be easily implemented in livestock production systems of Tabasco have more relevance in this study.
Overall, the sustainability impact from this biomass resource assessment can be considered as the basis for developing a more tailored
guide for reviewing the sustainability impact of biomass projects. The
results presented aim to help policy makers to settle down policies,
programmes or sustainable strategies for livestock waste management.
Nevertheless, more information for establishing speciﬁc public policies
related to livestock waste management that consider government

Technology feasibility analysis
From the technology feasibility analysis performed in the present
study, composting, vermicomposting and anaerobic digestion were the
top-rated technologies for useful production systems in Tabasco. These
processes present advantages during their implementation because of a
low investment, easy application in rural communities and the
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regulations is also needed not only for Tabasco but also for the rest of
the country.

[13]

Conclusions

[14]

Tabasco holds an important energy potential that could be obtained
from biomass resources, such as cattle and swine manure. This study
attempts to address a social environmental problem frequently seen in
Mexico, which is related to livestock waste management. The proposed
methodology considers technical aspects in regard to the livestock
production systems and a sustainability approach for the most feasible
technologies based on a weighted decision matrix. The technical energy
potential of 396,727 GJ/year (1461 MW/year), can be used for heating,
power generation and agricultural purposes in households and communities lacking these services.
Despite a large livestock production in Tabasco, most of the manure
remains in soil due to the extensive production systems. This condition
suggests the use of silvopastoral systems, composting/vermicomposting
and anaerobic digestion according to the WDM as the adequate technological alternatives and practices for manure management.
Technology implementation could beneﬁt producers and communities
creating new jobs and generating income sources in order to propel the
economic growth of the state.
This research represents the ﬁrst steps for promoting a sustainable
development through the use of biomass as a renewable energy source,
and towards reducing the reliance on fossil fuels, ensuring the accessibility to energy for future generations and contributing to the climate
change mitigation in Tabasco.
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