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Executive summary

Background and main problem of the project

Animals’ husbandry of the Royal Project Foundation highland farmers is their
traditional lifestyle. From the past years, livestock development and promotion has
encouraged farmers to raise livestock as a supplementary occupation and increase
income. Their livestock includes poultry, pigs, dairy buffaloes, dairy goat, etc. Moreover,
animal waste (feces, urine and waste water) has been ‘used for biogas in order to
produce household cooking gas that substitute LPG gas or firewood. This has saved

highland farmers spending and reduces the number of tree cut greatly.

At present, highland farmers have made biogas from CMU balloon digester with
capacity of 8 cubic meters, divided into 5 cubic meters of substrate (liquid) and 3 cubic
meters of gas. Biogas can produce about 2 cubic meters per day (35% of fermented
material). There is a lot of biogas from cooking on a daily basis, which uses only 1 cubic
meter to be discharged. In order to maximize the benefits, the research team has the
idea of using biogas as a fuel for the engine, replacing the use of gasoline for electricity
generation and water pumps. In 2018, the research team has been working to
determine: the optimized proportion of air and biogas for engines of 6.5 to 7.5
horsepower (hp), and to find the suitable size hydrogen sulfide filter (absorber) for the
engine, so-that the engine can last longer. Furthermore, the team has developed the
prototype engines, both electricity generator and water pump for the farmers to

experiment and use in real conditions.

Objective

1. To study the application of biogas in gasoline engine to produce electricity

2. To study the application of biogas in small water pumps



Purpose of the research:

1. Application of biogas energy to gasoline engines to produce electricity

Experiment 1 A study of the suitable proportion of air and biogas for 7.5-hp gasoline
engines to generate electricity and the suitable one for a 6.5-hp water

pumps

When divided the proportion-of biogas to air in'9 proportions (1:1, 2:1, 4:1, 6:1,
8:1, 10:1, 12:1, 14:1 and 16:1) using biogas from the 8 cubic meters Royal Project
Foundation biogas system found that the methane concentration (CH,) was 63%. When
testing the engine initiation at 10 replications found the appropriate ratio of air to biogas
between 2:1 and 4:1 and the concentration of Methane is in the range of 12.6 + 1.25
to 21.0 + 2.06% (Table 1). After that, the team used this result to produce a mixer. The
result from this study is slightly higher than the study of Mihic (2004), which indicates
that the ignition of the engine needed methane gas ratio in the range .of 5% - 15%.
However, this study show less air ratio than the study of Ayade and Latey (2016), which
reports. the optimal air fuel ratio or the ideal air to biogas ratio that makes the
combustion or explosion of the cylinder completely perfect, at 14:5:1 or air mass 14.5

g to fuel ' mass 1 g when biogas is at 10:1.



Table 1 Ratio of air to biogas and the concentration of methane (CH4) on the ignition

of gasoline engines adapted for biogas of 6.5 and 7.5 hp.

CH, The ignition of the engine

Ratio of air to
concentration

biogas
(%) 1 2 3 45 6 7 8 9 10 Concl
1:1 31.5+2.65 X X XXX X X X X X X
2:1 21.0£2.06 AVinle 7,/ SN / / [ /
4:1 12.6+1.25 Pt/ P A AAT NS, S S /
6:1 9.0+0.84 X X X X X XX X X X X
8:1 7.0+1.02 X X X X X XXX X X X
10:1 5.7+0.94 X X X X X X X X X X X
12:1 4.8+0.78 X X X X X X x W% P x X
14:1 4.2+0.34 X X X X X X X X X X X
16:1 3.7+0.52 X X X X X %X %X X|Ix "X X

% = Engine no ignition

/ = Engine ignition

Experiment 2 A study of biogas consumption per hour for 7.5-hp gasoline engines, as
well as appropriate digester size and the number of animals on
highlands

When using a 7.5-hp engine with a maximum power of 3 kW, the biogas
utilization rate varied depends on the increase in electricity generated. For instance,
when generating electricity in the levels of 0, 300, 600, 900, 1200, 1500 and 1800, the
biogas consumption is 1.25, 1.31, 1.36, 1.48, 1.57, 1.63 and 1.64 cubic meters per hour,
respectively (Table 2). This is similar to the report by Ongart (2012), which states that
to produce 3 kW of electricity through a 5.5-liter gasoline engine, will use of biogas at

the rate of 1.2-1.4 cubic meters per hour.



Table 2 Biogas rates (cubic meter per hour) of 7.5-hp engine with 3 kW generator.

Generator Replication Ave
(% generator) (Watt) 1 2 3 4
0 0 1.380 1.120 1.180 1.320 1.250
10 300 1.267 1.336 1.318 1.310 1.308
20 600 1.361 1.404 1.353 1.336 1.364
30 900 1.481 1.490 1.473 1.455 1.475
40 1,200 1.558 1.575 1.550 1.592 1.569
50 1,500 1.652 1.635 1.627 1.610 1.631
60 1,800 1.661 1.644 1.635 1.620 1.640

Y The engine will stop when use more than 2,100 watt or 70% of generator

However, in this research, when increasing the power generation to 2,100
watts or 70% of the generator, the engine will stop immediately. Therefore, the 7.5-hp
engine and the 3 kW generator can produce up to 1,800 watts.

The data from Table 2 is calculated by regression analysis to estimate the
rate of biogas utilization at the different generation rates. The linear equations are as

follows (Figure 1).



= Y = 1.20877 + 0.00025150X

(r’= 0.8564) =

ooo

Biogas consurmnption (m3)
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0 500 1000 1500
Electricity (W)

Figure 1 The relationship between the electricity consumption and the
amount of biogas used in the engine 7.5-hp with 3 kW

generator

Y =1.20877 + 0.00025150X

When: Y = Biogas consumption (m?3/hr)
X = Electricity produce (w)
r’ = 0.86

From the equation Y = 1.20877 + 0.00025150X, biogas from 6.15 to 7.30 cubic
meters or equivalent to the 15-18 cubic meters plastic balloon digester (with at least
24 pigs, 18 cattle or buffaloes and 170 poultry) as reported by Tangtaweewipat et al.
(2018) is used to generate electricity at different levels ranging from 100 watts (5 bulbs
- 20w each) to 1000 watts (50 bulbs — 20w each) when activated for 5 hours (Table 3).
The amount of livestock needed also depends on the species, feeding and manure

management methods of farmers in highland areas.



Table 3 Biogas consumption, size of digester and the number of animals suitable for

the production of biogas

Electricity use Biogas consumption Digester size!/ No. of animals (head)
(watt) (m*/n) (m*/5 h) (m?) Pig Cattle Poultry
100 15.4 20 15 150
200 1.26 6.30 15.8 21 16 155
300 1.28 6.40 16.0 21 16 155
400 1.31 6.55 16.4 22 16 160
500 1.33 6.65 16.6 22 16 160
600 1.36 6.80 1=, 23 17 165
700 1.38 6.90 17.3 74 17 165
800 1.41 7.05 17.6 23 18 170
900 144 7.20 18.0 24 18 170
1,000 1.46 7.30 18.3 24 18 170
1,100 1.49 7.45 18.6 25 19 180
1,200 1.51 7.55 18.9 25 19 180
1,300 1.54 7.70 19.3 25 19 180
1,400 1.56 7.80 19.5 27 20 190
1,500 1.59 7.95 19.9 27 20 190
1,600 1.61 8.05 20.1 i 20 190
1,700 1.64 8.20 20.5 28 20 200
1,800 1.66 8.30 20.8 28 20 200
2,100 1.74 8.70 21.8 29 22 210
2,400 1.81 9.05 22.6 30 22 220

3,000 1.96 9.80 24.5 35 25 300

Experiment 3 A study of the size of a hydrogen sulfide filter suitable for 7.5-hp

engines and the duration of use

Three sizes of 15 cm diameter filters: and 50, 100 and 150 cm high (absorbent
volume approximately 8.8, 17.6 and 26.5 liters, respectively) were installed for biogas
engines. Initially the amount of hydrogen sulfide (H,S), prior to the release in all three

filters, had an average of 2,435+37.8 parts per million (ppm). When let the engine run



for 1-3 hours, it was found that the 50-cm high filter or the 8.8 liter adsorbent contained
an average of 8 ppm H,S, or 99.6% adsorption of H,S, while 100 and 150-cm high were
not detected (absorbs 100% hydrogen sulfide). This result shows that a filter with a

capacity of about 8.8 liters is sufficient for filtration.

Experiment 4 A Study on the use of biogas engines (Adjusted from a 7.5-hp gasoline

engine) to generate 3 kW of electricity

After sufficient data were collected, the research team has modified a 7.5-hp
gasoline gas engine uses 7.5-hp to use biogas. The air and biogas mixer as well as the
hydrogen sulfide filter were installed. After that the team installed the engine at 3
farmer houses; i.e. Mr. Arthorn Pimantara’s farm house where 35 pigs were raised at Pu
Kham Huai Hang, Moo 10, Mae Sam lap sub-district, Sop Mao district, Mae Hong Son
province. 2) Mr. Insom Nithipanichkul, the village headman where 25 pigs were raised
at Pu Kham Huai Hang. Moo 10. It is about 0.5 km far away from the first farmer's house.
3) Mr. Rija Veingmanmek who raised 15 pigs at 320 Moo 8, Mae Song, Tha Song Yang
district, Tak province. These are the area where the Highland Research and
Development Institute (HRDI: Public organization) have been promoting. These areas
have no electricity. The research team has installed biogas plant of 12, 8 and 8 cubic
meters or equivalent to a maximum biogas capacity of 4.5, 3.0 and 3.0 cubic meters
per day in their farmer’s houses, respectively. Then, the team installed 10-15 bulbs (9-
watt LED bulb) in all areas of their houses. They and their neighbors have been very
pleased. The data of biogas used in a 7.5-hp engine which has a 3 kW electricity
generator found that after running the engine for 2-3 hours, the used biogas ratio is
approximately 1-2 cubic meters. More detail is collecting and evaluating in the next

year.

Experiment 5 Evaluation

Before the biogas installment, these three farmer families did not have
electricity. Thus everyone went to bed early. There was no access to information from

television or radio. Kids did not have light to study after sunset. After installing an engine



that can use biogas produced from animal waste, their quality of life were better
without additional cost. However, farmers need to maintain their biogas digesters and
engines for consistently good performance. The average overall satisfactions on the

engines of these 3 farmers were as highest as 99%.

2. Application of biogas in small water pumps:

Experiment 1 A study of the proportion of air and biogas that suitable for 6.5-hp biogas

engines

The study is the same as experiment 1 of Part 1. The biogas energy is applied

to the gasoline engine to produce electricity.

Experiment 2 A study of the suitable amount of biogas consumption per hour for
6.5-hp gasoline encines, and the appropriate biogas size as well as

number of animals

2.1 Three-cylinder water pump and 1 inch suction

The use of biogas of a 3-cylinder water pump has a 1-inch diameter water
inlet. The biogas utilization rate varies with the engine cycle, i.e. with the speed at 80,
90, 100, 110 and 120% eneine. The biogas was 1.08, 1.08, 1.19, 1.25 and 1.44 cubic
meters per hour, respectively. It will pump 2.0-2.5 cubic meters per hour (Table 4). But
when the speed drops to less than 80% or more than 120%, the engine will stop
immediately. The data from Table 4 is calculated by the regression equation. To
evaluate the biogas utilization rate of various water pumps, the equation (Figure 2) is

as follows.



Table 4 Biogas consumption and amount of water form water pump 6.5-hp engine,

1 inch pipe.
Engine power Replication Amount of water
(rpm) (%) 1 2 3 4  Ave (m?/h)
2,880 80 1.023 1.023 1250 1.023 1.080 2.025+0.232
3,240 90 1.080 1.080 1.080 1.080 1.080 2.077+0.136
3,600 100 | 1:1937 1.193 " 1.193. 11193 1.193 2.267+0.061
3,960 110 | 1.307 1.250 1.250 1.250 1.264 2.418+0.085
4,320 120 | 1420 1420 1477 1420 1.435 2.475+0.103
16 i
Y = 3.16840 - 0.04770X + 0.00027458 X’ 2
a r’=0.7313 - >
£
c 14 7
S
=
£
2
c
o
E 12
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(%)

110

120

Figure 2 The relationship between the use of the pump and the amount of

biogas used in the pump, 1 inch three-cylinder water pump engine,

6.5 horsepower

Y = 3.16840 - 0.04770X + 0.00027458 X?

When: Y = Biogas consumption (m?/hr)
X = RPM of engine (%)
=073



From the equation, estimate the water consumption is at 4-5 cubic meters or
4,000-5,000 liters per household use per day. The water pump will use biogas of 2.12
to 2.29 cubic meters or equivalent to 6 cubic meters of balloon gas, which requires

pigs, cattle and poultry of no less than 10, 8 and 100, respectively.

2.2 Centrifugal water pump with 2-inches suction

Biogas consumption of centrifugal pumps, the 2-inch diameter pipe has a
biogas rate that varies with the engine's cycle, i.e. at 80, 85, 90 and 100% of the engine
speed. The biogas was 1.31, 1.37, 1.44 and 1.56 cubic meters per hour, respectively. By
pumping 23.3 to 28.4 cubic meters per hour (Table 5), but when the speed is reduced
to 70% or increase to 120%, the engine will go out immediately. The data from Table
5is calculated by the regression equation. To evaluate the biogas utilization rate of the

various types of water pumps, the equation (Figure 3) is as follows.

Table 5 Biogas consumption and amount of water form water pump 6.5-hp engine,

2-inch pipe.
Engine power Replication Amount of water
(rpm) (%) 1 2 3 a Ave (m?/h)

2,442 78 1313 1313 1313 1313 1.313 23.298+ 1.393
2,661 85 1375 1375 1375 1375 1.375 24.904+ 3.538
2,825 90 1.438 1438 1438 1438 1.438 25.027 +3.019
3,125 100 | 1.563 1563 1563 1563 1.563 28.376+ 4.222

Y = 0.47960 + 0.01048X

When: Y = Biogas consumption (m*/hr)
X = RPM of engine (%)
*=0.73
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Figure 3. The relationship between the use of the pump and the amount of
biogas used in the pump, centrifugal water pump size 2-inch engine,

6.5 horsepower

Based on data from the study and working principle of the two types of water
pumps. The use of centrifugal water pump has the advantage of being able to pump
waterin a relatively high volume. Different from the cylinder pump, a pressurized pump
will have the pressure to deliver water to the surface or to be placed in a tank that is

higher than the pump head.

Experiment 3 A studies of the size of a hydrogen sulfide filter kit suitable for 6.5-hp

gasoline engines and the duration of use

Three sizes of PVC tubes, 15 diameter and 50, 100 or 150 cm high were
investigated. Hydrogen sulfide (H,S) contained in the PVC tube. Biogas prior to the
release of all three filter sizes averaged 2,453.3+ 40.4 ppm, but after passing through
the absorber. It was found that the 50 cm absorber or the 8.8 liter adsorbent contained
an average of 12 ppm of H;S or 99.5% adsorption. While of 100 and 150-cm high, did
not detect H,S. (Absorbs 100% of H,S). A filter with a capacity of about 8.8 liters is

sufficient for filtration.



Experiment 4 Study on the use of biogas engines (Adjustable from 6.5-hp gasoline

engines) for use with small pumps

After the information complete. Modified engine uses 6.5-hp lean gas to use
biogas. The combination of air and biogas and a set of hydrogen sulfide filter. Then the
engine was installed at 20 and 15 pig breeding farms at Mae Lord Research Station, Mae
Taeng District, Chiang Mai Province, and the Nong Khiao Royal Project Development
center, Muang Na sub-district, Chiang Dao district, Chiang Mai province, respectively. For
the 3" area to be installed, was set up at Mr. Thanet Jaipan’s farm, in Mae Tha Nuea
Royal Project Development Center, Mae Tha sub-district, Mae On district, Chiang Mai
province. He raised 18 dairy buffaloes.

These three areas were equipped with a biogas plant of & cubic meters or
equivalent to a maximum biogas capacity of 3 cubic meters per day, after installing a
compressed-air purnp (cylinder type) to spray water for floor cleaning. Congratulations
to the staff, farmer and the staff of these three centers very strongly. The information
on the use of biogas of a 6.5-hp engine with an aerosol flush was found to have a
biogas utilization rate of about 0.5 to 1.0 cubic meters after using the engine for 30

minutes.

Experiment 5 Evaluation

In the three installments, it was found that the workers could reduce labor to
clear the stall. The breeding swine and dairy buffalo were cleaned. Expected in the
future, the health of both breeding swine and dairy buffalo will not be sick. They can
produce such as the number and quality of piglets or buffaloes increased with no extra
cost. The average overall satisfactions on the engines of these 3 farmers were as highest

as 90%.



Conclusion:

Application of biogas energy to gasoline engines to produce electricity:

Experiment 1
The optimum ratio of air to biogas was 2: 1 to 4: 1, and methane concentrations were

in the range of 12.6 + 1.25 to 21.0 + 2.06% for engine ignition.

Experiment 2
Biogas utilization rates to generate electricity for engines of 300 and 1,800 watts were

1.31 and 1.64 cubic meters per hour, respectively.

When estimating that households in highland areas use electricity of 100-1,000 watts
for 5 hours per day, biogas will be used at 6.15- 7.30 cubic meters or equivalent to at
least sixteen cubic meters of biogas digester, which require animals of pies, cattle and

poultry of at least 24, 18 and 170 heads, respectively.

Experiment 3

Hydrogen sulfide filtration device in the cylinder with a diameter of 15 cm, high 50 cm
or equivalent to a volume of absorbent pellets of about 8.8 liters can absorb hydrogen
sulfide 99.6%, and ones with the height of 100 and 150 cm can absorb 100% hydrogen
sulfide. Therefore a filter with 8.8 liters capacity is sufficient for hydrogen sulfide

filtration.

Experiment 4

The prototypes of a bicgas engine that can generate electricity up to 1,800 watts were
installed at 2 farmers” houses at Pu Kham Huai Hang village. Moo 10, Mae Sam lap sub-
district, Sop Mao district, Mae Hong Son province, and one farmer’s house at Mae Song
sub-district, Tha Song Yang district, Tak province. This is an area without electricity.

Farmers were very thankful and satisfied.

Experiment 5
Show improvement on life quality without extra cost. The satisfaction on using engine

was as highest as 99%.



Application of biogas to small water pumps:

Experiment 1
The optimum ratio of air to biogas for engine ignition was 2: 1 to 4: 1, and methane

concentrations were in the range of 12.6+1.25 to 21.0+2.06%.

Experiment 2
Three-cylinder water pump (1-inch pump) and centrifugal pump, both with 80-100%
speed of the engine have the biogas utilization rate of 1.08-1.19 and 1.31-1.56 cubic

meters per hour, respectively.

Three-cylinder water pump that is running for 2 hours or equal to 4-5 cubic meters,
and the centrifugal pump that is running for 30 minutes, which pumps 11.6 to 14.1
cubic meters of water, will use biogas no less than 2.12 and 0.66 cubic meters. This
performance is equivalent to a balloon digester, which is not less than 6 and 4 cubic
meters in size. Moreover, at least 10 pigs, 8 cattle/buffaloes and 100 poultry and 7 pigs,

5 cattle/buffaloes and 80 poultry were used, respectively.

Experiment 3
A cylinder filter with a diameter of 15 cm and 50 cm high or equivalent to a volume of

approximately 8.8 liters of absorbent pellets is a suitable size.

Experiment 4
The prototype of a bicgas engine high pressure water pump was installed for floor
cleaning in 2 swine breeder and 1 dairy buffalo farms. These three farms were very

satisfied with the result.

Experiment 5

It can reduce labor’s working time to clean the stall. The stall will be cleaner. In the
future, it is expected that breeding pigs from both farms and dairy buffalo will not be
sick. The numbers and quality of piglets or buffaloes will increase without additional

cost. The satisfaction on using engine was as highest as 90%.
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Abstract

This study aimed to apply biogas with engine motor for producing electricity and to drive
a small water pump on highland. Five experiments (Exp.) were conducted. Exp. 1 investigated the
optimum ratio of air and biogas. The gas which was produced from 8 m’ biogas unit in Royal
Project Foundation was passed through hydrogen sulfide (H,S) filter before using with 6.5 and 7.5
hp. gasoline engine pump. The result revealed that the optimum ratio of air to biogas for engine
ignition was 2:1 to 4:1. It was equal to the concentration of methane gas at 12.6+1.25 to
21.0+£2.06%. Exp. 2 investigated the volume of biogas needed to drive 7.5 and 6.5 hp. gasoline
engines for producing electricity and for water pumping, respectively. The biogas plant, 1,500 m?
in swine farm, Department of Animal and Aquatic Sciences, Faculty of Agriculture, Chiang Mai
University was used in the experiment. The result revealed that the volume of biogas needed to
produce 100 and 3,000 watt of electricity was 1.03 and 1.96 m®/hr. respectively. The triple piston
axial (3-cylinder) high pressure water pump with 1 inch diameter pipe needed 1.06-1.11 m>/ hr.
of biogas when'the speed of the engine was 80-100%. The centrifugal pump with 2 inch diameter
pipe needed 1.21-1.53 m?/ hr. of biogas when the speed of the engine was 70-100%. These data
are useful for estimating the appropriated number of animals and the size of biogas unit to fit the
need of electricity and to pump water for each highland farm. Exp. 3 find out the suitable size of
H,S absorber according to Tangtaweewipat et al. (2011) method. The result revealed that the H,S
absorber with 15 cm diameter and 50 em high tube or 8,840 cm? is the optimum size, because it
can reduce 99.5-99.6% of H,S concentration from biogas. Exp. 4 developed gasoline engine using
biogas as a fuel to produce electricity and pump water. These developed engines were set up at
the farmer houses in no electricity area and at breeder swine and dairy buffalo farms for floor
cleaning. The result found that these developed engines can work properly. Exp. 5 evaluated the
highland farmers’ satisfaction towards the developed engines. It revealed that farmers were highly

satisfied because they did not need to pay additional cost while their working hours were reduced.

Key words: Biogas, Alternative energy, Small engine, Electricity, Water pump, Highland
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