Analysis of Sustainability Status
of Integration of Beef Cattle and
Paddy with Technology
Innovation of Rice Straw as
Feed and Beef Cattle Manure as
Fertilizer and Biogas

by HM Ali

Submission date 02-Jan-2023 08 58AM (UTC+0700)

Submission ID 1987837407

File name traw_as_Feed_and_Beef_Cattle_Manure_as_Fertilizer_and_Biogas pdf (702 72K)
Word count 4292

Character count 23683



Environment and Natural Resources J Vol 11 No 2 December 2013 116 |

Analysis of Sustainability Status of Integration of Beef Cattle and Paddy with
Technology Innovation of Rice Straw as Feed and Beef Cattle Manure

as Fertilizer and Biogas

Jasmal A Syamsu' , Hikmah M Ah’, Muhammad Ridwan’, and Mawardi A Asja‘

4 -~
‘Department of Ammal Nutrition and Feed Science Hasanuddin Universiy: Makassar Indonesia
Department of Ammal Production Hasanuddm University. Makassar Indonesia
k] > Eh. .
Department of Socio Econonucs of Amimal Husbandry Hasanuddin Universin: Makassar Indonesia

‘Department of Amimal Husbandry Sulawesi Barat University Majene Indonesia

Abstract

The objective of this study was to analyze sustamability indexes and status on the
integration between beef cattle and paddy with technological innovation of rice straw as feed
cow manure as fertihzer and biogas Primary data were obtained through interviews with the
farmers with the help of a questionnaire The farmers were randomly selected as samples, and
also involved experts/practitioners as respondents who have related expertise, reputation and/or
experience with the present study In addition focus group discussions were conducted with the
farmers, in order to identify the actual problems and conditions that usually occur n
development of the integration between beef cattle and paddy Furthermore in depth mterviews
were performed with the key informants The method to analyze sustanability status was a
modification of Rapfish by using Multi-Dimensional Scaling (MDS) This method 1s named,
RAP-Intrasad: (Rapid Appraisal Integration Beet cattle and Paddy) The results of this study
showed that the sustainability status has multudimensional mdex values of sustainability
Integration produced beef cattle and nice with technological mnnovation, rice straw as feed
processing livestock manure as fertilizer and biogas was implemented by farmers in  rural
tarmers and produced an index value ot 46 12 (less sustamnable) To improve the sustainability
status 1t must be repawred to the sensitive attribute in each dimension Ecological dimension
attribute a) potential and carrying capacity of livestock waste, b) potential and carrying capacity
of rice straw, and ¢) management of farm cattle farming Attributes that need improvement for
the economic dimension were contribution of livestock waste biogas to tuel costs, the number
and ownership of paddy fields and the number and ownership of cattle Atnbutes of social
dimension were level of willingness and motivation to utihze rice straw, understanding the
impact of waste on the environment, and the integration of related experience of beef cattle and

nce While technological dimension were biogas processing facihties and infrastructure
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fertihzer processing tacilities and nfrastructure, and apphcation of cattle waste treatment

technologies as biogas

Key words Sustamability/ Beef cattle/Paddy/ Biogas/ Fertilizer/ Rice straw

1 Introduction

which

includes the crop and hivestock sector 1s

The agnicultural sector,
integrated to the point, where they cannot
be separated and are complementary
Efforts to itegrate livestock with paddy
cultivation will have a positive impact,
both socially and economically Livestock
farming becomes more efficient with the
availability of food that can be produced
continuously (Diwyanto and Haryanto
2001) In addition, the social problems
caused by waste 1n the form of paddy rice
straw and animal waste in the form of
manure that has been polluting products
can be solved efficiently by turning them into
fertilizer and feed, as well as a good influence
on farmers economics, resuling n
operational efficiency

System integration of beef cattle
and paddy produce economic benefits and
optimize utihization of resources To
implement  these integration patterns
requires at least the knowledge and skills
of farmers in the application of biogas
fertilizer and

technology, processing,

processing of rice straw as feed 1s

required (Syamsu, 2007) Moreover,
Syamsu et al (2003) reported that
agricultural waste has  considerable

potential as a source of animal feed Total
production of agrcultural waste 1n
Indonesia was 51,546,297 3 tons with the
largest production being nce straw at
44,229,343 0 tons of dry matter or
8581% of the total production of
agricultural waste (food crops) Based on
the TDN (total digestible nutrient)
production of agricultural waste could
147507771 LU

(livestock umts), so with the current

provide fodder for

population of ruminants at only
11,995,340 LU There 1s still a possibility
to increase the ruminant population by
27554371 LU or 18 68% On the other
hand, the Directorate

Livestock (2007) stated that based on the

General of

population of cattle in Indonesia, which
consists of large rummnants 1s 1368
million head 21 688 mullion head small
rumnants, non-rummants 7 001 nullion
head and poultry 1,283,164 000 head It
can be assumed that much as 80 194 166

tons of fresh manure could be produced,
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and 1f processed, 1t would produce about
32 mullion tons of organic fertihzer
According to these potential figures
of rice straw waste and livestock manure,
which are quite large as descnbed above, then
the integration of beef cattle and paddy could
solve the problem and lead to the concept of
sustatnable agricultural development The
mtegration of beef cattle and paddy which
ams to increase the production of each
commodity by the use of extemnal inputs 1s
expensive and environmentally damaging
Therefore, efforts in resource utilization of
waste rice straw and manure 1n order to have
added through processing and

technological mnovation can contribute to

value

mproved farm productivity (Syamsu, 2011)
Thus the mtegrauon of cattle and paddy 15
expected to be one of the ways in mamtaining
sustainable farming (agriculture sustamable)
by  simultancously  considermg,  the
environment, social acceptance and 1s 1t also
economucally feasible

The objective of this study was to
analyze the sustamability status of the
mtegration between beef cattle and paddy
with technological nnovation as rice straw
feed, cow manureas fertilizer and biogas By
understanding the status of sustainability
based on the dimensions of ecology,
and culwral  and
technology will help to improve the sensitive

cconomucs,  social

attributes that affect the increased integration
of sustamnability status of beef cattle and

paddy
2. Methodology
conducted n

The study was

Pinrang  South  Sulawest  Province,
Indonesia. during a period from March to
September 2012 Primary data was

obtained through interviews using a

questionnaire  instrument, namely a
structured questionnaire addressed to the
selected respondent as samples Selection
of the farmers as respondents was
randomly conducted with the samples
Number of respondents at each of the
selected sites was calculated by Slovin
(Umar, 1997) In this study some experts
were volved as respondents Elective

experts were prioritized the
expert/practitioner who has the expertise,
reputation and/or experience in aspects
related to the study In addition 1t also
conducted focus group discussions the
focus group discussions were done to
farmersto 1dentify actual problems and
conditions that occur in the development
of beef cattle and paddy Besides, 1t also
conducted 1n-depth nterviews with some

key informants
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Method to analyze the
of
between beef cattle and paddy was a
of  Rapfish  (Rapud

Assessment  Techmiques for Fisheries)

sustamability  status integration

modification

developed by the Fisheries Center,
University of British Columbia using
(MDS)
(Kavanagh, 2001, Fauzi and Anna. 2002)

This method named RAP-Intrasad: (Rapid

Multi-Dimensional ~ Scaling

Appraisal Integration Beef cattle and
Paddy) MDS 1s a method of computer-

based statistical analysis techniques using

R, ng and det

| assessment and scorng on |
cach attnibute

*

SPSS software the transformation of
sustainable

of

dimenston  and

of

every

development the integration
multidimensional beef cattle and paddy
Analyses of data with MDS include the
mntegration of sustainability aspects of
beef cattle and paddy from different
dimensions  of ecology, economics,
technology and social culture Analysis
of the status and sustamnability index
performed several stages as shown

Figure |

existing condition
(beef cattle and paddy)

i

A Multi-D VVMM.! »- -

| Monte Carlo |
| analyss |
i .

i

; Sustainabibty Status § |

Figure 1 Stage of Sustamability Status Analysis of integration of beef cattle and paddy

Stage of the sustainability status
analysis of integration beef cattle and
paddy were a) reviewing and determining
the attributes 1 each dimension of
sustainability These were the ecological
and socio-

economic  technological,

of

attributes and defimtions related to the

cultural dimensions Determination
results of the previous phase of research
(existing condition) b) assessment and
scoring on ecach attribute of each

dimension ordinal scale each dimension
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of sustamability criterta which  were

based on the existing condition of
research and expert opimon  Range of
scores ranging from 0-3 was interpreted
from bad to good or vice versa according
to the condition of each attrnibute c¢)
based on the scoring of each attribute and
then MDS to

analyzed wusing the

determine the position of the ntegration
of sustamability status of beef cattle and
paddy on each dimenston of sustamnability
and multr dimensional dices represented
by the status of sustainabihty Status and
sustarnability idexcategory can be seen

on Tablel

Table 1 Sustamabihty Status Catcgory of Integration Beef Cattle and Paddy

Category

Sustamability Status

0002500

2501 - 50 00

5001 -7500

7501 - 10000
Through MDS the position of the
point of sustainabihty can be visuahized in
two dimensions (horizontal and vertical
axis) To project the pomnts on the
horizontal line made the rotation with the
extremes of "poor" rated score of 0% and
the extremes of "good" was given a score
value of 100% Position sustamnability of
the system under study will be among the
two extremes This value was an index
value of sustamability integration of beef

cattle and paddy

With  the analysis  of the
sustatnability status, Laverage analysis
Monte Carlo analysis, determmation of

the stress, and the value of coefficient of

Poor (Not Sustaimablc)
Less (Less Sustamable)
Fair ( Quite Sustainablc

Good (Very Sustaiable)

determmation (R2) which was a package
of all these analyzes of the MDS program
a) Lah‘mgc analysis 1s the analysis
conducted to determine the attributes of each
dimension are sensitive 0 intcgration
enhances the sustamability status of beef
cattle and paddy Sensitive attnibutes specified
by priority of the analysis by looking at the
root mean square (RMS) on the X-axis
ordation The larger the RMS value changes
an attnbute then that atribute has a greater
role m improving the sustainability status of
mntegration of beef cattle and paddy

b) Monte Carlo anmalysis 15 used to
estimate the effect of the error analysis the
level or the 95% confidence interval whose

value 15 expressed m terms of index value
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Monte Carlo. which further distinguished by
the value of the index MDS analysis

) Stress  values and coefficient  of
determination (R2) was used to determine 1f
whether or not the addition of attributes, to

reflect accurately assess dimensions

3 Results and Discussion

The results of the RAP Intrasadi
analysis (Rapid Apprasal Integration Beef
Cattle and Paddy) m multi-dimensional
revealed that the integration of beef cattle and
paddy with technological mnovation nce
straw as feed, livestock manure as fertilizer
and biogas were implemented by farmers n

rural areas was less sustamable with the

116

sustarnability index of 46 12 This value was
calculated based on an assessment of the 34
attributes that were included mto the four
dimensions of ecological dimensions (10
atributes) the economy (7 attributes). soctal-
culure (8 attributes) and technology (9
atiributes)  as shown i Table 2 Similar
findings have been shown in the study of
Suyitman et al (2009) that the ecological
dimension was less sustamable (46 50%) than
the other factors These factors aftect, directly
the social and

and indirectly economic

sustai ity of the farmers (Alam et al
2010) Sustamability index value for each
dimension, the value of stress, and R2 are

shown in Table 3

Table 2 Dimensions and Attributes of Sustamability Integration Status of Beet Cattle and Paddy

No Dimension

1 Ecological 1

[35)

Atnbutc

Density arcas and hvestock level

Potential and carrying capacity of manurc

3 Potential and carrymg capacity of nice straw
4 Usage of manurc as biogas

5 Usage of manure as fertihzer

6 Usage of rice straw as feed

7 Management of bee cattle farming

8 Management of rice farming

9 Cow manurc pollution levels

10 Rice straw pollution levels
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Table 2 (Continuc)

No Dimension Atributc

2 Economy 1 The number and status of cattle ownership
2 The amount and tenure ficlds
3 Contnbution of hvestock waste / brogas to fucl costs
4 Contribution of hvestock waste to fertilizer costs
5 Contribution of rice straw as feed to beef cattle teed cost
6 Benehits and cconomie value of manure
7 Benefits and economic value of nice straw

3 Social culturc 1 Guidance and Lounsglmg n SL\\dgL treatment
2 Farmers expenence related to the integration of beet cattle and paddy
3 Understanding the impact of waste on the environment
4 Level of willingness and motivation to use manure
5 Level of willhingness and motivation to use rice straw
6 Perceptions of tarmers to waste cattle management
7 Perceptions of farmers 1o rice straw processing
R Farmer s culturee in itegration of beef cattle and paddy

e T;L'hnob'gyr:” 1 Feawbih yﬂol appl_\u{glul‘u iuhnolog\"Huul’b'l'og';: ) o
2 Feasibility of applying fertihzer processing technology
3 Feasibility of application of rice straw processing technology
4 Biogas processing technology infrastructure
S Manure treatment technology mfrastructure
6 Rice straw processing technology mfrastructure
7 Application of cattle waste trecatment technologies as biogas

8 Apphication of cattle waste treatment technologies as fertilizer

9 Application processing technology of rice straw as a feed

Table 3 Resultot MDS Monte Carlo and Statisticsanalysts

Dimenstons Sustain 1b|hl\ Indcx Difference. Statisties lterast
MDS  Montc Carlo Stress R
Ecological 45 545 46110 0565 0147 0949 2
Economy 40243 40293 0050 0157 0941 2
Socril-culture 45.200 46011 0811 0 140 0945 2
Technology 53493 53159 0334 0133 0950 2
Table 3 shows that the value of coeffictent of  dgtermimnation  R2

stress tests of each dnmnsuﬁls quite low  approximately 094 to 095 This suggests

in the range of 013 to 014 and the that the quality of the analysis was quite
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good Both of these parameters indicate
that all the attributes used were quite good
in explaining the sustamability index and
the status of the ntegration of becf cattle
and paddy In comparison between this
study and the study of Kikuhara and
(2009) on

Hirooka application of a

simulation  model for dairy cattle
production systems integrated with forage
crop production n Japan concluded that
they observed in most cases that dairy and
forage rice integration systems could not
be cconomically established without
subsidics  This indicated that there 15 a
difference between integration of beef
cattle and paddy and integration of dairy
cattle and paddy Raising systems for beef
cattle  were  conducted  extensively
espectally in the present study while
dairy cattle were mainly used in fully
housing system such as the study ot

Kikuhara and Hirooka (2009)

116

The difterence in the results of
MDS and Monte Carlo as shown n Table
3 are quite small which indicates that the
error in the manufacture of each attribute
score was relatively small, variations due
to differences in the subjective scoring
was relatively small the analysis process
performed repeatedly stable and data
entry errors and mussing data can be
avoided Overall these results indicate
that RAP-Intrasadi analysis using MDS to
the
integration of beef cattle and paddy had a

high Ie\ﬁ of confidence Thus RAP-

determme the sustamnability  of

Intrasadi method can be used as a tool to

assess the rapid evaluation (rapid
appraisal sustainability integration of beef
cattle and paddy 1n arcas/regions that have
the same characteristics with the location
of this study Multidimensional index of

sustamability can also be secn in Figure 2

index of sustamabihity

I cological
60
so 45.54
A
53.49
Iechnology I conomy
40 24
4520
Social-culture

Figure 2 Kite diagram of four RAP Intrasadi cvaluation ficlds showng status score ofthe integration

beet cattl ¢and paddy
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The results of the analysis showed
that RAP-Intrasadi sustamability index for
ecological dimensions were 4554 and

sensitive  attnibutes on  the  system

integration  of beef cattle and rnce

(Figure 3) This value indicates that the

the

sustainability of the tegration of beef

leverage factor in  determiming

cattle and paddy in ecological dimension

were a) the potential and carrying

of livestock waste b) the

capacity

potential and carrying capacity of rice

integration of becf cattle paddy based on  straw and ¢) management of becf cattle
dimension cﬁwloglcally was less  farming
sustainable  Sensitive  attributes  as
Rice straw pollution levels NN o 79
Cow manure poliution levels NS © 82
Management of nice farming  INNENGENGGEG 0 51
Management of beef cattle farming  INEEEENEEEEEENREEE————— > 0
"
-é: Usage of rice straw as feed NN 0 55
§ Usage of manure as fertilizer  INEG_——————
ES
Usage of manure as biogas [N © 54
Potential and carrying capacity of rnice straw NN 1
Potential and carrying capacity of manure  [IREEEEEEEEEN_——————_ > 16
Density areas and livestock level NS O 61
1] 05 1 15 2 2.5
Root Mean Square Change % in Ordination when Selected Attribute Removed
(on Status scale 0 to 100)
RAP Intiasadi Ordination
60 4 - o4 7
o ® o
40 4 & a {
A o
<
£ 20
s |° *
g BM Good
£ o T . T T 1
g 20 40 O ey 00 80 100 120
a a o {
z20 {
= |
S 2 a
40 4 o o
a o a
Down
so i Lo 4

Figure 3 Leverage of ceological attributes on sustamability score and index of sustamability
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Based on the ecological dimension
that can be formulated to improve the
sustainability of the intcgration of beef
cattle and paddy was determmed the
potential and capacity of beet cattle manure
that 1s able to be converted into biogas and
fertilizer It was crucial to the successful
integration of beef cattle and paddy Kusa et
al (2006) stated that the apphcation of
manure from cattle to the paddy fields
would be desirable to maintain paddy fields
and mmmze environmental problems
Besides the potential carrying capacity of
nce straw that can be used as feed It 1s
necessary to increase the utihzation of rice
straw as a source of cattle feed This must
be done because the conditions of pasture
each year undergo conversion to residential
land estates, and other types Sustamability
of the beef cattle 1in the present study
whereas ccological base pasture land as a
source of feed, will experience a shift by
making the substitution utihization of waste
as feed crops through the application of the
mtegration of beef cattle and paddy

The dimensions  of

that

Economic

sustamability index indicates less
sustamnable status  with an index of 4024
and scnsiive ‘mrwnex that affect the status
of sustainability can be seen in Figure 4
Sensitive attributes that lever the factors in

determmng the sustainability of beef cattle

Rescarch Arncle

116

and grain integration based on the cconomic
dimension arca) contribution of livestock
waste as biogas to fuel costs b) the number
and ownership of paddy fields, and c¢)
number and ownership of cattle Thus the
necessary technology needs to be developed
to convert bect cattle waste into biogas to
provide economic benefits 1n reducing
house hold expenditure in the form of fuel
otl costs for cooking

In addition, the amount of land and
cattle fields determines the sustamability of
the integration of beef cattle and paddy
the countryside Based on the point of view
of the cconomic  dimension  for
sustamnabilityof integration of beef cattle
and paddy specified tenure and cattle With
a high level of livestock ownership (=10
beef cattle) the farmer can make livestock
as a source of income apart from paddy
and can get input for paddy production in
the form of fertilizer by processing animal
waste  Levels of mput costs for rice
production m the form of fertihzer were
able to be kept low because the resources
are already owned by the breeders of
livestock producing waste Increased forage
rice yield greatly increased animal density
environmental impacts revenue production

costs and net return (Kikuhara and Hirooka

2009)
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Benefits and economic value of rce straw | 0.08
Benefits and econom: vaiue of manure l 013
Contribution of rice straw as feed tobeel cattiefeed cost [l 021
"
I3
é Contridution of kvestock waste to fertitzer costs | 0.4
F
Conuribution of Ivestock waste / bogas to fuel costs [ I ¢ ¢
The amount and tenure fieids — 217
The number and status of cattie ownersho [N 1
0 05 1 1% 2 25 3 38 4 A5 S
Root Mean Square Change % in Ordination when Selected Attribute Removed
{on Status scale 0 to 100)
RAP Intrasadi Ordination
60 - oy . 1
Up |
< a
40 ‘a o
g0 i o
]
%
s Bpd 4024 Good
€ o4 v o} v - o 3
H 20 40 60 30 100 120
a . |
£ . s
5 i
o
-40 1 a
o
©
Down
60

Figure 4 Loverage of cconomy attributes on sustunabihty score and index of sustamabihity

The results of RAP Intrasadi
analysis on the social dimension showed
that the sustamability index was 45 20
This result shows that based on the social
dimension the integration of beef cattle

d paddy were also less sustamnable
Figure 5 shows that the relative attributes

in determining the sustamability of the

integration of beef cattle and paddy in the

soctal  dimension  are  a) level

of

willingness and motivation to utilize rice

straw  b) understanding the 1mpact

waste on the environment and

experience related to the ntegration
beef cattle and paddy

knowledge of farmers on rice straw

Increasmg the

as
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processed feed can be improved by mamn detemunants in the processing and
increasing  motivation and willingness of  utihzation of rice straw as feed

breeders Motivation and willingness were the

Perteptons of frmens W0 ree siaw processng - 159
Pesceptions of farmers 10 wasie (aile ma-agement _ 201
Level of wiorgness a7 motvaton 1o uwse e sinaw _ F¥)]
Lewe! of weingress 330 motvaton L0 use manire — 13
Undersiandag the mpact of wasie 01 the ervonment —639
Farmees experence reed ‘0 the regratan of deef cattie and paddy _ 42

Attibutes

Gudance ind counse!ng n semage reatment . 055

0 1 b 3 4 H (} T 8 ]
Root Mean Square (hange % in Ordination when Selected Attrnbute Removed
{on Status scale 0 to 100}

RAP Intiasadi Ordination

60 ~ : ; oy )
Up {
<

a a 1
40 - i 1 {
Y & %

o

% 20 g % §

& i

% Bad O 4520 Good |

2 0 T T T T 1

ER) 20 40 60 $0 100 120

a a a

520 « i

-

S

& a
40 = s 5 :
& |
Down |
6o i o |

Figure 5 Lcverage of sosial-culture attributes on sustamability score and indexofsustamability

The results of the RAP Intrasadi  beef cattle and paddy by farmers with
analysis showed that sustamability index  sufficient ongoing status Sustainability
for technological dimensions was 5329 index and sensitive mtnbuta n

which indicated that the integration of  technology and farming systems can be
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seen in Figure 6 Sensitive attnbutes n
determining the sustainability of cow paddy
dimensional integration technology were a)

biogas processing factlities and infrastructure

Vol 11 No 2 December 2013 1 16 13

b) ferulizer processing facihues and
infrastructure  and ¢) application of cattle

waste treatment technologies as biogas

Application processing technology of rice
straw as a feed _ 1.61
Applicat'on of cattle waste treatment _
technologies as fertilizer 29
BRI
technolog es as b ogas 6.06
Rice straw processing tcchnology
- infrastructure - 123
i Manure treatment technology infrastructure —6 a8
Biogas processing technology infrastructure — 66
Feasibility of application of rice straw — 561
processing technology s
Feasibility of applying fertilizer processing _ 431
technology
Feas'bil'ty of applying the technology of
136
bloghs ey
o : § a 4 7
Root Mean Square Change % in Ordination when
{on Status scale O to 100)
RAPIntiasadi Orcination
60 T v
Up |
a o {
& a
40 4 i
- |
4 20 4 {
g1+ A |
v |
b {
2 By Good ]
< o & !
Z 0 v - v < 1
o 1
= 20 40 60 100 120
-
= s
a A O 5349
$-20 4
=
=3
a
-40 {
40 a a 1
O &
Down
60 - .

Figure 6 Lcverage of technology attributes on sustamabihity score and index of sustamnabihity

Eftorts to

sustamability of beef and rice based

integration  technology  through the and biogas

improve the  development

dimension

supporting
facilities for hivestock waste into fertihizer

The provision of home
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composting infrastructure to  process
anmimal waste into fertihizer and biogas
digester as the processor was the tool that
1s needed by farmers i the framework
sustainability of integration beef cattle
and paddy Study of Mandal et al (2013)
stated that the use of biogas in the
household-level have potential to reduce
gasses. This indicated that when this
integration 1s adopted most of the farmers,
the fate of environment in the future
would be much better Furthermore, 1t
contribute  to

will improved health

wellbeing, and the long-term
sustainability of organic farms (Kaufman

and Watanasak, 2011)
4 Conclusions

Index sustamability n
multidimensional of integration of beef cattle
and paddy with technological innovation rice
straw as feed, hvestock manure as
fertiizer and biogas were implemented by
farmers with the value of46 12, 1t means
that the status was less sustainable To
improve the sustamability status, each
sensitive attribute in each dimension must
be considered Attributes that must be
improved in each dimension 1s the
dimension of ccology, a) potential and

carrying capacity of livestock waste b)

potential and carrying capacity of rice
straw, and c¢) management of cattle
farming Economic  dimension, a)
contribution of livestock waste biogas to
fuel costs, b) the number and ownership
of paddy fields, and c¢) the number and
ownership of cattle, 1s a social dimension
a) level of willingness and motivation to
utilize rice straw b) understanding the
impact of waste on the environment, and
c) the mtegration of related experience
as  well

beef cattle and nice, as a

technological dimension a) biogas
processing facilities and infrastructure, b)
fertilizer  processing  facthties  and
infrastructure, and c) application of cattle

waste treatment technologies as biogas
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