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ABSTRACT

Gaseous emission from fresh manure in a cattle feedlot located in Bekasi municipality, West Java Province,
Indonesia is planned to be raw material for biogas production in order to substitute a part of electricity energy need in a
local household scale. To enable an engineering design of the facility to convert biogas to be electrical energy as well as to
ensure the sustainability of the energy supply system, physical and chemical characteristics of the gaseous emission from
the fresh manure was carried out. The objectives of the research are to describe the physical and chemical characteristics of
the gas emitted from cattle manure and to measure the odour intensity of the existing ambient air in the inner area of the
cattle feedlot as well as in their surrounding areas. Physical parameters include temperature, relative humidity, enthalpy,
and specific volume, whereas chemical parameters cover Methane (CH,), Carbon Monoxide (CO), Carbon dioxide (CO»),
Oxygen (O,), Hydrogen (H,), Nitrogen (N,), and two odorous gases, i.e. Ammonia (NH;) and Hydrogen sulphide (H,S).
The gaseous samples were taken two times per day (6 AM in the morning; 6 PM in the evening) within two days
campaign. Laboratory analyses were conducted according to the national standard methods (SNI) in an accredited
laboratory. Odour intensity was also measured by using an odour judge panel consisting of seven well trained odour
panellists. Result of the analysis show that methane concentration of the emitted gas is 13% and the majority of the gas was
nitrogen (59%). The concentrations of the odorous gases inside the feedlot were much higher than the national standard
limit, whereas outside of the feedlot was below the standard. Odour intensity perceived by the panellist indicated that the

average score inside the feedlot was -2.3 [unpleasant], whereas the outside one was 0.0 [neutral].

Keywords: biogas, cattle manure, feedlot, methane, odour, physical-chemical characteristics.

1. INTRODUCTION

A number of researchers have been conducting
experiments on cattle manure management including
aspects of life cycle analysis [1; 2; 3], their global
warming impacts [4; 5; 6], energy aspect [7; 8; 9], gaseous
emissions [10; 11], as well as their harmful environmental
impacts as indicated in researches conducted by Capper
and Cady (2011) [12], Varel et al. (2011) [13], Cardoso
(2012) [14] and Graux et al. (2012) [15].

In this research, cattle feedlot located in Bekasi
Municipality, West Java Province, Indonesia is currently
facing negative image due to its odorous emission into the
environment. However, their worker are mostly local
people and therefore, this environmental nuisance is
nowadays concerned as a common problem that is almost
no objection. Nevertheless, on the other side, the cattle
feedlot has a potential as a source of energy based on the
fact that cattle manure contains methane (CH4) which is
known as the most important component of biogas.

The feedlot was occupied by about two thousands
(2000) cattle ranging from 300-900 kg weight where the
biggest part of them is in between 300-600 kg/head.
Generally the average manure production is about 8% of
the live weight which is similar in this case to 24-72
kg/head. Therefore, if the average of the cattle weight is
500 kg/head, then the total production of the manure from
this feedlot was about 80 tons/day. The emerging harmful

environmental problems thereof include odour, dust
emission, community perceptions, and within certain
extend, as a source of flies for the surrounding community.
In this research, a number of basic environmental aspects
were assessed to describe both positive and negative
aspects of the feedlot, i.e. their potential as energy source
as well as the negative impacts such as odour nuisance in
the environment. The objectives of the research were as
follows:

a. To describe the physical characteristics of the gas
emitted from cattle manure consisting of parameters
such as temperature, relative humidity, enthalpy,
humidity ratio, enthalpy, dew point temperature and
specific volume.

b. To describe the chemical characteristics of the gas
emitted from the cattle manure including parameters of
ammonia (NH;), carbon monoxide (CO), carbon
dioxide (CO,), Oxygen (O,), hydrogen (H,), hydrogen
sulphide (H,S), nitrogen (N,) and methane (CH,)
content.

c. To measure the odour intensity of the existing ambient
air in the inner area of the cattle feedlot as well as in
their surrounding areas.
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2. MATERIALS AND METHOD

The experiment campaign was carried out in-situ
in the area of the cattle feedlot (Figure-1) located in
Bekasi Municipality, West Java Province, Indonesia in
July 2016. The tool that was used to collect the emitted
gas from manure is a transparent containment that was
made from 3 mm thick acrylic sheet and equipped by a
valve to flow the sampled gas.

751000 751125

Gas samples were collected twice per day (at 6
AM and 6 PM) from three (3) sampling points for 2 days.
Before measurement, the containment was let in vacuum
condition for 1 hour. Physical parameters of the samples
were obtained by direct measurement on the spot, where
as

RESEARCH LOCATION
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Karang Mokar Viliago, Sub-district of Kadung Waringin,
Bokasi Municipality, Wost Java Provinca
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Figure-1. Sampling points (S;, S,, and S3) of the gaseous emission in the cattle feedlot area.

chemical parameters were obtained by using laboratory
analysis of the gas samples. Physical parameter
measurement and gas sampling process in the field are
shown in the Attachment.

Odour intensity measurement was conducted by
using an odour panel (team) consisted of 7 members. The
odour score of any object under concern was calculated
after a quantitative assessment given by each member of
the odour panel. The final odour score of any object was
obtained by averaging all scores given by each odour
panel. In general, all research procedures are depicted as a
flowchart in Figure 2, while the materials and methods are
presented in Table-1.

3. RESULTS AND DISCUSSIONS
The general condition of the research location is
described briefly as follows:
=  During stall cleaning activity, the produced manure is
removed from the stall floor to the drainage pit (200
meter long) and then flows to the retention ponds. The

flowing process of the manure, however, is not swift
enough. Therefore, some efforts such as raking or
harrowing the solid fraction of the manure are
necessary to make the manure flow.

= There are three retention ponds in this feedlot of
which can store manure +800-2000 m3. Based on
observation, the manure characteristics was different
between manure in the pit and in the retention pond.
At the first 100 m of the pit, the physical condition of
the manure was bright and being dominated by gas
bubbles on the surface. In next 100 m, the colour was
darker and less gas bubbles. The similar condition
was encountered in the retention pond. The different
characteristics could be due to the long detention time
from pit to the pond (about 1 day).

The manure in the feedlot was predicted has high
potential methane gas. This was based on observation that
indicated many gas bubbles founded
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Figure-2. Flowchart of the experiment.

Table-1. List of the tools/instruments and methods used to measure the physical characteristics of the gaseous emission

No. Parameter Tools/instruments Methods
Wet bulb and dry bulb A pair of wet bqlb and er bulb thermometer was
1 Temperature placed in an acrylic containment on the surface of the
thermometer
manure. The temperature was recorded manually.
Wet bulb and dry bulb

2 Relative humidity (RH)

thermometer; Psychrometric

The RH was obtained by plotting the pair of the wet
bulb and dry bulb temperature on psychrometric chart.

chart
3 Ammonia (NH3) Containment; Tedlar bag SNI 19-7119.1-2005
4 Carbon monoxide (CO) Containment; Tedlar bag Gas analyzer

and Carbon dioxide (CO,)

Oxygen (O,), Hydrogen
5 (H»), Nitrogen (N,),
Methane (CH,)

Containment; Tedlar bag

In house Method OWI-GE3 based on Method 3C-
USEPA: Determination of CO,, CH4, N», and O, from
stationary sources.

6 Hydrogen sulphide (H,S) Containment; Tedlar bag

SNI 19-4844-1998

Odour judge panel; human

7 Odour :
being nose

Direct odour scoring in the range of [-4 — 4] based on
the perceived odour

= in the pit surface and the retention ponds. In order to
get representative and optimal results, the
measurement was conducted in three (3) sampling
points with 2 repetitions (morning and evening) per
day for each point. Sampling point determination was
based on visual observation on manure characteristic
differences. First sampling point (S;) was located in
the pit at 100 m distance from the stall, the second
(S,) was in the next 100 m from the first one and the
last (S3) was in the edge of retention pond.

3.1 Physical parameters

Physical parameters include wet bulb temperature
(Typ), dry bulb temperature (Tg,), relative humidity (RH),
enthalpy (h) and specific volume (v). All of these
parameters were obtained based on temperature
observation and interpreted by using psychrometric chart.
The results are shown in Table-2.

The result shows that the flowing manure in the
pit and retention pond emitted a huge amount of water
vapour. This causes relative humidity of the ambient air
above manure surface closes to the maximum value, i.e.
saturation. This high relative humidity, however, was

encountered especially in the morning, instead of evening.
Generally, this could be caused by optimum activity of
methanogenic bacteria which work in mesophilic
temperature (20-45°C) [16]. The reaction products of
methanogenesis in the manure are methane and water
vapour as following reaction below [17]:
C02 + 4H2 > CH4 + 2H20

Table-2 also indicated that higher enthalpy was
obtained from the air samples taken during evening
session. Solar radiation that was gained by ambient air
during daytime are then stored and accumulated which
implied on the total energy contained by air as indicated
by higher enthalpy (92.5 and 128.5 klJ/kg) of the air
sampled in the evening. The reverse process is the release
of energy during night time as indicated by lower value of
the enthalpy (65.4 and 73.8 kJ/kg) which was sampled
during morning session. There is a general guideline as
well that the higher temperature, the higher enthalpy and
specific volume. The latest indicated that solar radiation
implies on the increase of air volume per unit of dry air
mass.
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3.2 Chemical parameters

Product reaction from organic matter is not only
methane, but also including NH;, H,S, CO,, and H, [18].
In this research, therefore, all of these parameters were
measured and added to physical parameters
aforementioned. Chemical characteristics were obtained
by gas sampling inside the containment and then being
tested in a nationally accredited laboratory. The result of
the laboratory analysis will be an important basis in order
to determine whether the emitted gases from the feedlot is
feasible to be processed further as raw material to produce
biogas as a kind of household fuel as well as a basis to
develop a purification system to improve the quality of the
gas as a source of energy. The result of the laboratory
analysis on chemical characteristics during the first day
and second day are shown in Table-3 and Table-4,
respectively.

Result of the laboratory analysis shows that
nitrogen is the most dominant substance (Figure-3). This is
proven by more than 50% of gas content which was
generated from manure are nitrogen, either in the morning
or evening as well. The second and third most important
gases fraction are methane and oxygen which contribute in
average about 13% and 4% of all measurements,
respectively. With this amount of methane, the feedlot is
potential for a biogas installation establishment. The
methane content of the emitted gases from this feedlot,
however, is relatively low compared with some other
findings which is normally about 50%. One possibility of
influencing factors on the amount of methane emission
from cattle is the quality of the feed. Research conducted
by Pinares-Patino et al. (2016) [19] concluded that

Table-2. Result of physical parameters.

Sampling point Tan [°C] Ty [°C] RH [%] h [kl/kg] v [m%/kg]
First day (July 31, 2016) morning
S 21.5 21.5 100 63.0 29.4
S, 23.0 23.0 100 68.5 31.7
S; 22.0 22.0 100 64.8 30.1
Average 22.2 22.2 100.0 65.4 30.4
First day (July 31, 2016), evening
S 29.5 28.5 93 92.5 41.5
S, 29.0 29.0 100 95.0 41.5
S; 29.0 29.0 100 90.0 39.8
Average 29.2 28.8 97.7 92.5 40.9
Second day (August 1, 2016) morning
Si 24.0 24.0 100 72.5 33.0
S, 25.0 25.0 100 76.5 35.0
S; 24.0 24.0 100 72.5 33.0
Average 24.3 24.3 100.0 73.8 33.7
Second day (August 1, 2016) evening
S 35.0 34.0 94 122.5 52.0
S, 355 35.0 100 128.0 53.0
S3 36.0 36.0 100 135.1 55.0
Average 35.5 35.0 98.0 128.5 53.3

Note: Ty, = Dry bulb temperature; T, = Wet bulb temperature; RH = Relative humidity; h = Enthalpy; v = Specific volume

enhanced dietary lipids contents is an effective means of
reducing CH4 emissions from grazed pasture.

The concentration of other trace gases such as
NH;, H,S, CO, CO, and H, are very low, either during the
first day of the measurement campaign or during the
second day. Based on result on the first and second days, it

could be stated that there was no significant difference
between the generated gas amounts from three sampling
points. It means that manures in the pit, either in fresh
condition or already stays for more than one day still
produce gases in almost the same amount roughly,
provided the manure notwithstanding in liquid phase.
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Figure-3. Composition of the major gaseous emission (a) and trace gases (b) from the cattle manure.
Table-3. Result of laboratory analysis on chemical characteristics during the first day.
Day 1 - Morning Day 1 - Evening
No. Parameter analysis Unit
Sy S, S3 Sy S, S TL*
1 Ammonia (NH;) ppm 0.336 0.180 0.213 0.200 0.261 0.238 2.0
2 Hydrogen Sulphide (H,S) ppm 0.576 0.066 0.017 0.020 0.020 0.007 0.02
3 Carbon dioxide (CO,) ppm 1198 1200 5056 5753 4658 2968 -
4 Carbon Monoxide (CO) ppm 35 5 <1 10 12 <1 -
5 Oxygen (O,) % 3.30 3.74 3.87 3.82 3.92 3.89 -
6 Hydrogen (H,) % <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 -
7 Nitrogen (N,) % 50.90 57.80 63.20 60.50 61.70 61.30 -
8 Methane (CHy) % 15.00 8.28 12.10 16.40 13.80 12.30 -
* Note: TL is threshold limit according to Kep.Men.LH Number 50/1996 about Odour Threshold Standard
Table-4. Result of laboratory analysis on chemical characteristics during the second day.
Day 2 - Morning Day 2 - Evening
No. Parameter analysis Unit
Sy S, S Sq S, S; T.L*
1 Ammonia (NH;) ppm 0.136 0.264 0.281 0.161 0.297 0.166 2.0
2 Hydrogen Sulphide (H,S) ppm 0.006 0.277 0.011 0.014 0.466 0.037 0.02
3 Carbon dioxide (CO,) ppm 1191 1193 2122 8272 1156 1152 -
4 Carbon Monoxide (CO) ppm 3 8 <1 7 34 1 -
5 Oxygen (O,) % 3.37 3.24 4.04 3.8 3.75 3.98 -
6 Hydrogen (H,) % <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 -
7 Nitrogen (N,) % 52.80 51.50 62.90 59.90 58.60 62.20 -
8 Methane (CH,) % 12.80 9.22 15.20 12.40 12.30 13.00 -

* Note: TL is threshold limit according to Kep.Men.LH Number 50/1996 about odour threshold standard
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3.3 Odour intensity

Odour quantification was conducted to measure
odour intensity or odour sense inside and outside of the
feedlot quantitatively. The result of this measurement will
be used as basic foundation to proof whether some
complains from the people living in the surrounding area
meet the regulation standard, i.e. Decree of the State
Minister of Environmental Affairs (Kep.Men.LH) Number
50/1996 pertaining on Standard of Odour Intensity. The
measurement was conducted by involving a team
consisted of seven (7) well-trained and independent odour
panellists. The odour was scored by [-4 up to +4] range

indicating that “-4” is for bad or unpleasant odour,
whereas “+4” is intended for good or pleasant odour [20].
The measurement series were carried out in a
clear weather day in the middle of August 2016.
Variations of measurement result could be encountered
due to weather condition, such as speed and direction of
the local wind. The measurement sampling location was
divided into six points of which three (3) points are
located inside the feedlot (S;, S, and S;) whereas the rest
points (S4, Ss and S¢) are located around the cattle feedlot,
i.e. in the people living area. The odour intensity sampling
points were shown in the Figure-1. The result of odour
intensity in the ambient air is depicted in Figure-4.

m Odour scale

Figure-4. Odour intensity of ambient air inside (inner) and outside (outer) of the cattle feedlot.

Figure-4 shows that high odour intensity was
found merely inside of the feedlot. The odour sources in
the ambient air in fact are not merely from cattle manure,
but also generated by straw fermentation process and
fodder stacks. In the area outside of the feedlot, however,
there was no unpleasant odour originated from the feedlot
at all as indicated by the odour score of the outside points
(S,, S4 and Sg) which is only 0.0 in average. It means that
all of the panellists perceived no unpleasant odour in the
areas outside of the cattle feedlot. A greenbelt along the
border of the cattle feedlot constructed of bamboo tree that
was combined with the blowing wind improves the
dispersion of unpleasant odour from the feedlot into the
ambient air. This finding indicates also that if there would
be any unpleasant odour perceived by anyone in the
ambient air, that could originate from any sources other
than cattle feedlot such as household solid wastes,
domestic wastewater, any clogged sewerage system, etc.

4. CONCLUSIONS AND SUGGESTIONS
Conclusions that can be withdrawn from the
research are as follows:

A. Physical characteristics of the gas emitted from the
cattle manure pit and retention pond have been
described. The average dry bulb temperature (Tgp)
was in between 22.2-35.5 °C whereas the wet bulb

temperature (T.,) was 22.2-35.0 °C. The relative
humidity was very high, i.e. 97.7-100 %.

B. The chemical characteristics of the gas emitted from
the cattle manure including parameters of ammonia
(NHs;), carbon monoxide (CO), carbon dioxide (CO,),
Oxygen (0O,), hydrogen (H,), hydrogen sulphide
(H,S), nitrogen (N,) and methane (CH,4) content have
been described where the concentration of the most
important gas for biogas production (methane) was
merely 13% on average.

C. The odour intensity of the existing ambient air inside
the area of the cattle feedlot was maximum -2.8,
whereas in the surrounding areas was merely zero
(0.0).

Suggestions that can be formulated from the
research are as follows:

a) Observations on the odour intensity should be carried
out in a longer period and should be based on the
local prevailing wind record of the area under
concern. The longer the observation, the more
accurate and better odour scale that can be obtained.

b) The existing minister decree pertaining on the odour
threshold value is possible to be improved by using
the result of the human being odour panel. This is
based on the fact that any complain of the presence of
unpleasant odour is claimed by people living in the
surrounding areas.
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