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ABSTRACT

In Thailand, the water pump is very important for
second rice crop cultivation used for pumping water from
natural water resource or irrigation canal to paddy rice
field or drain water from paddy rice field. The energy
source are energy from diesel and gasoline fuel or
electricity which farmers have to be responsible.

The aim of this study was fo find out the
application of water pumps and energy in pumping irrigation
for second rice crop cultivation in the North and Central
regions of Thailand in crop year 1988/89.

The data was collected by interviewing farmers who
had experiences at least three years in second rice crop

cultivation using questionnaire and record sheet for field
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test. Total cases of interviewed farmers were 200 cases,
40 cases in the North region and 160 cases in the Central
region.

The final results of the study in both regions
revealed that the application of water pumps and energy in
pumping irrigation for second rice crop cultivation was the
same. It was found that 55.56 and 80.58 per cent of the
farmers in the North and North regions used diesel engine
for water pumps respectively. The rest of the farmers in
both regions used gasoline engines.

Sixty three per cent of the farmers in the North
region used engine single as power source of water pump.
While 70.50 per cent of the farmers in the Central region
used tQO»Vheeled tfactors as power:source of water pumps.
They were multiple purpose as well. Electricity was used for
pumping irrigation less than fuel in both regions. However,
electriciiy was developed and promoted for pumping
irrigation by the government agencies eépecially the
National Energy Administration which take responsible in the
Electrical Pumping Project. .

The analysis of energy demand in pumping irrigatibn
for second rice crop cultivation in crop year 1988/89 was
shown that in the case of using diesel engine only, farmers
in both regions used digsel fuel 31,528,901 litres or
203,330,4437 baht. For using gasoline engine only, the
consumption of gasoline fuel was 20,500,739 litres or
182,222,495 baht. In case of using both engines, the

consumption of diesel fuel was 24,116,992 litres or



165,207,399 baht and consumption of gasoline fuel was
4,566,950 litres or 40,541,898 baht.
From this study, the farmers should use diesel

engines as power source of their water pumps.
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CHAPTER I

INTRODUCTION

1. General Situation

At present, the policies on agriculturai production
of Thailand are changed from selffsufficiency to commercial
oriented and for exportation. Using of modern technologies
. for all production processes in order to expand the planted
areas as well as to increase crop yield which relate to
marketing system. These technologies are for example farm
machinery, fertilization and pesticide etc. which are mainly
imported from abroad. Besidé that farmers also have
operational expenses namely fuel and lubricating oil, farm
machinery maintenance, farm inputs and labours. These
expenses including from land pfeparation until to yield
production delivery. Fuel is.an important factor in

production process.

2. Problem Statement

Pumping irrigation is thg way to suppiy water to the
cash crop planted area. It uses many-kinds of energy that
accounts for the production cost of each cropping 3season.
The energy forms for irrigation are fuel, electricity and
other energy. In Thailand, the water pumps and the water
lifting devices are the farm machinery which necessary for
farming. There were 289,827 units of water pumps in 1978
and increased to 669,095 units in 1986 (Table 1). The
increasing of total number of water pumps which farmers

wanted to use continued from 1,244,233 units in 1987 to



Table 1 Number

1986.

of the water pumps

by regions in 1978 and

Unit : units

.  —— —— - ——— — — e R o . W M e S e e e S e T W G G - I T SN M D W T - G S S T W e e G e o - -

1. Northeast
2. North

3. Central

104,236
178,890

355,868

123.48

186.40

Source : Center

for Agricultural Statistics,

Agricultural

statistics of Thailand, Crop Year 1986/87.

Table 2 Number of the water pumps which farmers wanted to

use in 1987 to 1991,

Unit : units

- e —— - - T — . T e e W S D D D T MR G em W P L D S S - SE D G G S S . W A G G G S

1,244,233
1,296,592
1,391,891
1,444,381

1,582,359

- o o T S e . S T S TS M VED YR S N M M M G M G G G SRS S D B W G R D R G G S G G R WL G SR D W Y G e

Source : Thailand Institute of Scientific and Technological

Research,

1987.



1,582,359 units in 1991 (Table 2). An appropriate
management of the energy utilization would be benificial to

farmers on energy dependent and cost of production.
Therefore, a study on the actual use of water pumps and
energy consumption in pumping irrigation for cash cropping
should be carried out. This study would not only clearily
the state of the problem but also lead to proper analysis to
recommend alternatives for this farming activity of cash

crop.

3. Conceptual Framework

There are many patterns of pumping irrigation in
Thailand. The axial flow pump is used to pump surface water
from natural or {rrigation canals. As the centrifugal pump
is used to éump underground and surface water which is at
higher level. Their driving powers are diesel or gasoline
engines as well as electric motors. Although the pumping
irrigation system in each area depended on water resource
condition as the height of water resource, types of water
pumps and power source. Consequently, the difference of
energy demand fop pumping irrigation in each area should be
run.

The study was conducted by interviewing farmers as
well as measuring the energy requirement for different types
of the water pumps. The data collection was analysed to
quantitive energy demand of pumping irrigation for cash crop
cultivation and the result would be directly beneficial to

energy planning and management in the future.



4. Objectives of the study

The objectives of this study are as follows

1. To gain insights into the use situations of
water pumps in study area.

2. To understand enérgy dependences for water
pumping of production regions.

3. To propose alternatives for water pumping to

increase energy efficiency of this farming activity.

5. Scopes of the Study

In order to achieve the above objectives, only
second rice crop of the North and Central regions was
studied. Data collection was conducted in crop year 1988/89.
Because these regions had second rice crop planted areas
more than 85 per cent.of total planted areas in the country
in crop year 1983/84 to 1987/88, they were 87.2, 90.0, 89.8
91.5 and 87.4 per cent respectively. In addition, most of
farmers in these regions were the owners of water pumps
which was used for rice cultivation (19).

The scopes of this study are as follows :

1. The studied energy covered all types of
energy - which farmers used for pumping irrigation
activities. Farmers were responsible for its expenses by
themselves. These energy could be separated as follow :

1.1 The energy from working-hours of man and
animgl power which were used for pumping irrigation
activities.

1.2 All kinds of energy which were used for



driving the water pumps such as fuel and electricity etc.

1.3 The other types of energy which farmers
used to drive the water pumps.

2. Only those water pumps owned by the farmers and
used only for irrigation were studied.

3. The water resource in this scope including the
natural water resource and all of irrigation projects which
were used for rice cultivation.

4, For pumping irrigation activities, the energy
studied would emphasize on :

4.1 Quantity : Quantity of fuel,electircity,and
other types of energy which farmers used as the power source
to drive the water pumps.

4.2 Cost : Cost of energy for pumping water was
also studied.

5. To study and survey the details of water
pumps application for rice cultivation.

5.1 Type, size, quantity, price and cost of
maintenance

5.2 Work rate

5.3 Fuel consumption rate

5.4 Duration time of using water pump

6. To study and survey the details of energy use
for pumping irrigation activities for rice cultivation.

6.1 Type, quantity and price

6.2 Transportation

6.3 Storage

6.4 Energy consumption



7. The data was collected from secondary as well as
primary data. The primary data was from household interview,
test of fuel consumption and activity measurement in crop

year 1988/89.



CHAPTER I1

LITERATURE REVIEW

1. General Background of Irrigation Technology for Rice

Cultivation

Efficiency in rice production (measured in terms of
yield per unit of area) depends on many factors of both
controliable and uncontirollable. Factors beyond controllable
ones comprise manageable input factors such as seeds,
fertilizer, insecticide, herbicide, and irrigation. Among
those, irrigation is the most important factor since
utilization or adoption of improved seed, chemical
fertilizer, insecticide, and herbicide depends, at least,
partly on avaibility and sufficiency of water supply.
Moreover, irrigation determines thé usage rate or adoption
rates of other manageable input factors (26).

Water may ge moved by the application of any one
(or any combination) of five different mechanical principles,
which are largely independent, i.e by (10).

1. Direct lifting : This involves physically
lifting of water in a container.

2. Displacement : This involves the fact that
water is incompressible and can therefore be "pushed" or
"displaced".

3. Creating a velocity head : When ' water is
propelled to a high speed, the momentum can be used either
to create a flow or to create a pressure.

4. Using buoyancy of a gas : Air (or other gases)



bubbled through water will 1lift a proportion of the water.

5. Gravity : Water flows downward under the
influence of gravity. |

Irrigation from a riyer or water resource, to
irrigation canal or to planted area can be aone as follows
(30) :

1.1 Gravity Irrigation :. This can be applied
making diversion dam or diversion weir in order to divert
water to the level required, and then by digging irrigation
canal to enable water to flow along the level and slope of
topograghy. 1In addition, water control building is also
used to irrigate water to planted area. This activity is
called diversionlirrigation which can be further divided
into 2 parts.

1.1.1 Headworks that are built in the river
or the  water resource for diverting water of high level
and also cover head regulator built for water gravity
control before irrigate to distribution system.

1.1.2 Distribution system comprises irrigation
canals to irrigate water to planted area. The farmer or
go§ernment‘is responsible for this activity, for example,
weir -in the North region, Chao Phraya Irrigation Project and
Mae Klong Irrigation Project.

1.2 Lift Irrigation : In case that gravity
irrigation cannot be wused. Lift irrigation will be applied
to 1lift water up to the higher irrigation canal or planted‘
area. In Thailand, this activity can be divided into 5 types

due to energy sources. They are



1.2.1 Man-power is used only or sometimes is
used with some instruments as follows :

1) To get water by using some containers
such as Pong, Tung-round, Kra-pong, Kra-bog or Kru etc.

2) To bail water by using some
containers such as Chong;long, Peep-yon, Rahud-tao, Rahud-
mue, Rahud-feung, Rahud-to, Rahud-Klew and Krang (Figure 1A).

3) To pump water by using man-power.

1.2.2 Animal-power is used together with some
instruments (Figure 2A).

1.2.3 Wind-power. The windmill is connected
to pump by chain or gear to lift the water up (Figure 3A)
This method is always variable. There are 3 types of
windmilis.

1) Horizontal axis windmill which is
against wind onl& in one direction.

2) Horizontal axis windmill which is
against wind in all directions. |

3) Vertical axis windmill which is
against wind in all directions.

1.2.4 Water~power which can-be done in 2
ways.

1) To move turbine attached to some
instruments such as Look, Bucket elevators etc. (Figure 4A).

2) By wusing waterfall - power
application or different level of water e.g. water hammer.

1.2.5 Machine - power

1) To move Rahud - tao by machine or
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electric motor.

2) To rotate pumps such as centrifugal
pump, propeller pump (or axial flow pump) and piston pump by
engine or electric motor. This method is popular for use not
only in order to get a great deai of water but also for
long working-hours.

In case of machine-power, pumping (3)
is the addition of energy to a fluid to move if from one
‘"point to another and not, as is frequently thought, the
addition of pressure. Since energy 1s capacity to do work,
the addition of energy to a fluid causes it to do work, such
as flowing through a pipe or rising to a higher level. In
the closely allied field of centrifugal compressors,
"pumping"” decribes an unstable surging that occurs in many
compressors at partial capacity. .

A classification system of water lifting

devices and the water pumps may be devised as following in

Table 3 (31).
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Table 3 A classification system of water lifting devices and

the water pumps.

. e — - — o - S Yt W i G G U W e Wi G G S o

1. Basic design

1. Screw, piston, vane,

wheel

2. Method of energy transmission 2. Steam, compressed

3. Number of Qisplacements

4. Arrangement of components
5. Orientation of axis

6. Number of stages

7. Casing type

8. Material of construction
9. Applicétion of device

10. Working principle

11. Method of increasing head

e ———  —— — . —— > — e — - s W s G Cw - -

Source : Department of Agronomy,

air, mechanical
3. Single, multiple,
continuous
4., Internal gear,
outside packing
5. Vertical, horizontal,
incline
6. Single, double,
multiple
7. Volute, diffuser,
split
8. Bronze, steel, wood
9. Sewage, broiler-feeding
10. Rotary, reciprocating,
centrifugal
11. Positive displacement,
kinetic

Iowa State University,1973.
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Some terms of pumping irrigation can be
devided as follows (31).

1. Discharge or Capacity (Q) : Q is
the quantity of water per unit/time which the water lifting
device or pump delivers (e.g., cubic feet per second,
gallons per minute). Since losses may be caused by a device
or pumping system, discharge .is usually taken to be the
quantity per time meésured at the point where the water
leaves the device or pump. Discharge depends on the size of
the water 1lifter and the speed at which it is operated.

2. Head (H) : In irrigation and
drainage applications, head terms are usually used to
express the height of a column of ﬁater which contains an
equal amount of potential energy, e.g., feet of water. The
head has several components, each one is a specific form of
energy present in the lifting system. The components of
head, as they. are normally applied to irfigation and
drainage, are as follows :

1. Static suction head

2. Static suction lift

3. The static discharge head

4, Total static head |

5. Velocity head

6. Friction head

7. Pressure head

8. Drawdown

9. Dynamic suction 1lift or total

suction lift
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10. Dynamic suction head
11. Total dynamic head

3. Power (HP) : Any water lifting
device adds energy to the water on which it acts, either by
raising it to a higher elevation and/or increasing its
pressure, iﬁ the case of a sprinkler system. The rate at
which the device adds this energy or head to the water is
‘called the water horsepower (WHP).

4, Efficiency (Eff.) : The efficiency
of a water lifter is the ratio of energy added to the water
over the energy put into the device to obtain the increase
in water energy.

5. Performance curves : The performance
of any water lifting device can be described graphically in
performance or characteristic curves, H-Q curve is used to
describe a pumping system, i.e., what total head must be

produced to deliver a giving discharge through that system.

2. Pumping Irrigation for Rice Cultivation in Thailand

It can be divided into 2 categories as below :

2.1 Pumping irrigation operated by the farmers in
order to pump water to their own planted areas especially
for the first rice crop or the second rice crop during the
dry spe{l. Normally, centrifugal pumps or propeller pumps
used with diesel or gasoline are available. From the data of
Center for Agricultural Statistics (5), it was shown that
the number of farmers using water pumps,.was increasing

every year,from 438,382 sets in 1981 to 564,915 sets in
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1984,and 768,328 sets in 1987. In addition, Thailand
Institute of Scientific and Technological Research (28) also
estimated that the demand seemed to be increasing much more
in the future,from 1,244,233 sets in 1987 to be 1,582,359
sets in 1991. *
2.2 Pumping irrigation projects operated by
government agencies. The main projects are as following :
2.2.1 Pumping irrigation project operated by
Royal Irrigation Department, Ministry of Agriculture and
Cooperatives can be classified into 2 types (21 and 30) :
1) Pumping Irrigation Station : The
project comprises the pumping system which uses electricity
as the main power,and the distribution system, for example
Dom Noi Pumping Station Project, Manorom Pumping Station
Project,etc.
2) Mobile Pumps for suppofting cultivation:
The project comprises the movable water pump to help
farmers in pumping water to planted area where rain is not
enough for cultivation. In this case,the Royal Irrigation
Department established the rules in giving assistance as
follows '

2.1) To give an assistance in pumping
the water into planted area Qhere rain is not enough in the
rainy season or when the annual crop is damaged by natural-
hazard. In this case the Royal Irrigation Department will
pay for fuel expense.

2.2) Assistance in Pumping for

Irrigation during the dry season. The area which requests
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this kind of assistance should comprise, for the second rice
crop, at least 300 rais and for the agronomy crop, 600 rais
which are connected together. In this case farmers must be
responsible for fuel payment.

2.3) The details of water pumps in

this project are shown in Table 4.

Table 4 The details of RID’s water pumps.

Diameter Hp. Q Planted area

No. Type {inch) (m/sec.) (rais)
SRC ucC

1. Pump on boat 30 300 1.30 6,000 12,000
2. Punp on boat 28 280  1.20 - 5,500 11,000
3. Pump on boat 24 200. 1.00 4,500 9,000
4. Pump on boat 12 140 0.50 2,200 4,500
5. Pump on boat 24 200 1.00 4,500 9,000
6. Mobile pump 12 70 0.25 1,100 2,200
7. Pump 12 70 0.25 1,100 2,200
8. Pump 10 50 0.18 800 1,600
9. Pump : 8 30 0.18 500 1,000
10. Pump 6 10 0.06 300 600

Remark : SRC

Second rice crop

c
Q
"

Upland crop

Source : Royal Irrigation Department, 1977.
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2.2.2 The pumping irrigation project by
National Energy Administration, Minstry of Science
Technology and Energy (15). The project is aimed to utilize
electrical energy in pumping irrigation for cultivation by
using a ISd hp. electric motor and 12 inches wéter pPipe
installed with concrete lined canals constructed as
distribution system. The project can supply water to planted
areas of about 3,000 rais. This project was established in
1965 and now (in 1988) there are about 727 pumping stations
{Table 4A), scattered in the Northeast, the North, the
Central and the South regions of around 372,204,86 and 65
pumping stationé respectively, and can supply water to 602
stations with the total area of 851,660 rais ( Table 4A ).

Besides, there were the other government
agencies as Cooperative Promotion Division and Ministry of

Interior responsible in this kind of project as well.

3. Relevant Studies on Pumping Irrigation for Rice

Cultivation

In 1977, Piyawaranon (19) surveyed and collected
the data from farmers wh§ own water pumps in 13 provinces in
the Central and North regions such as Saraburi, Ayutthaya,
Prachin Buri, Ang Tong, Chachoengsao, Chai Nat, Samut
Sakhon, - Lop Buri, Nakhon Sawan, Utai Thani, Sukothati,
Lampang and Chiangmai. The study showed that

1. Ninety per cent of farmers owned water pumps
and 75 per cent of which bought new pumps.

2. The duration of using water pumps each year was
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140 days for diesel engine and 80 days for gasoline engine.

3. Generally, it was estimated that the working
durability of a water pump was around 5 years for diesel
engine and 4 years for gasoline engine.

4, With respect to water pump purchasing. Eighty
per cent of farmers.Bought new gasoline engines whereas 50
per cent bought new or old diesel engines in the same
proportion. In case of buying new engine in cash, it was
found that 90 per cent of farmers bought water pumps for
personal work and liked to buy gasoline engine more than
diesel engine due to its lower cost. -

5. BRoth types of engines used fuel of 1 litre per
hour.

6. Working hours per day for diesgl engine was 15
hours, whereas gasoline was 8 hours.

7. As regarded the size of a watér pump. Diesel
engine Qas about 5.5 hp.and gasoline engine was about 4.5 hp.

8. Size of water pipe. Axial flow pump used 5-inch
pipes, whereas centrifugal pump used pipes of 2.5 to
3.5 inches. |

9. Fuel expenses ( surveyed when the prices of
gasoline and diesel were 3.76 and 2.85 bahts per
litre réspectively). Fuel expense per year for gasoline
engine was cheaper than that for diesel engine. However,
when based on fuel expense per hour, that of diesel engine
was cheaper.

The researches also stated the problems and

recommendations as following :
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1) Water pumps are important comfortable instruments
that farmers had to buy for use in their farms. But the
application condition was not worth according to economic
response, that was, water pump application in one year was
less than optimum level. Therefore, farmers should increase
working days whiéh could be alone by digging farm pond for
keeping water, make it more available for plantation all
year round.

2) As the most of farmers had to pump water,
therefore, the government should give an assistance to those
farmers in buying inexpensive water pumps by discarding
income tax if the purchase was done by farmer or cooperative
organizations:

3) Farmers in irrigation area also used water
pumps. Therefore, it was necessary to measures to save the
expenses in buying wgter pumps and fuel. This can be done by
imprdving the planted areas and irrigation system.

In 1980, Niyomwit et al., (17) surveyed farm
machineries application in rice cultivation in Suphan Buri
'province, by interviewing‘farmers in the irrigation and
rainfed regions of 236 households from 2 districts in U-tong
.and Donjedee districts and was concluded as follows.

1. Most of farmers who used water pumps were in
these two regions, which 95 per cent was in the irrigation
region and 49 per cent was in the rainfed regién.

2. Types and Sizes of water pumps which most
farmers used were

2.1 Axial flow pump with 4 to 8 inches pipe,
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3 to 6 hp.gasoline engine, 5 to 8 hp.diesel enginé and 3 hp.
electric motor.

2.2 Centrifugal pump with 5 hp. gasoline engine
and 8 hp. diesel engine.

2.3 Ra-hud-mai with 4 to 5 hp. diesel engine.

3., Forty-two per cent of the farmers used water
pumps for rice cultivation. Consequently, rice could be
grown on time and it thus cen save 21 per cent of working
time.

4. Eighty-eight per cent of farmers bought water
pumps to use in their farms.

5. With respect to fuel consumption of water
pumps, It was found that gasoline engine consumed 0.92
litre per hour and diésel engine 0.90 litre per hou;.

6. It was found that the common'problem of the use
of water pumping was that farmers who owned different levels
of paddy fields paid highly for pumping water in and out of
their fields. Besides, the supply of fuel was alss a
problem. As farmers waﬁted only a small quantity of fuel
5 to 20 litres), they had to buy the fuel from the nearby
petrol shops which sold it more expensively than the big
petrol stations. |

In 1985, Thonsawatwong et al., (29) reported that
about 70 per cent of farmers used axial flow pumps (Tepérit
pipe). Because this pump could pump water from the low head
level. Gasoline and diesel engines were mostly used and the
sizes of pipe commonly used were 13, 15, 18, and 20 cms.

In 1987, Sanguanwongwan (23) reported that water
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pumping was widely used in tﬁe Central region. As water in
the irrigétion canals was lower than the paddy rice fields.
Therefore, the water pump was used to irrigate water into
the fields.

In 1973, The Council for Agricultural Science and
Technology (8) reported that irrigation activity consumed a
lot of energy. Though irrigation could be conducted by
taking water from the river into the field by meeans of
gravity. Moreover, it was also reported that the energy used
in pumping irrigation such as electricity, gas, petrol is in
the direct proportion to water quantity.

In 1976, Energy for Agriculture in the Developing
Countries (9) pointed that there were three methods of fuel
consumption in rice cultivafion namely modern, transitional
and traditional. Modern method in the United States of
America use petrol 683.4 litres per hactare or 6,532
X 103 kilocalory pef hactare as follows in Table 9.

| In 1979, Stout (27) stated that ifrigation was very
important in developing countries, especially ;Q the Near
East and Far East. From the total commercial energy used-for
the manufacture and operation of irrigation equipment in
1972, developing countries accounted for about 59 per cent,
and by 1985 this proportion was expected to reach 65 per
cent. In addition to the energy required to manufacture
irrigation equipment, energy (usually petrbleum fuel) was
also needed for its operation. The fuel requiremgnt per
hactare of irrigated land varied with the depth of the

pumped water, the type of irrigation system and the amount
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of water need for the crop. Fuel requirements ranged from an
estimated 160 kilograms per hactare in the developed
countries to 200 kilograms per hactare in Africa and the
Near East. The energy needed to operate equipment was about
five times that required for its manufacture.

Stout suggested that more efficient use of
irrigation water leading to saving energy consumption, was
necessary and feasible in many areas. Many existing
irrigation schemes needed considerable renovation as well as
the interdependence of land development methods, irrigation
practices and system of cultivation and crop production
was seldom fully appreciated. Thus, the efficiency in
irrigation use and higher cropping intensities could be
developed (1). byfimproving.water distribution channels and
providing drainage, (2). by improving field layouts, (3). by
grading and leveling, and (4).by using better implements and
water -application methods in cropping. However, fragmented
landholdings and the difficulty in 6rganizing the group
action required to implement new project often impeded
irrigation improvement.

In 1979, Fluck and Baird (11) explained that
jrrigation was provided for many different crops and with
many different kinds of system. Energy was involved in all
irrigation system, to power pumping engine to lift and
obtain~water, and to provide all necessary structures.

Fluck and Baird also stated that energy was
required to lift water. The quantity required ranged above

the theoretical maximum of 9.81 Joules to raise a kilogram
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of water up one meter ( 9.81 joules per kilogram-metre ), or
9,810 Joules to raise a cubic meter of water one meter.
Considerable energy losses occurred due to pipe friction,
pump inefficiency, pressure drops at sprinklers or other
application devices, etc. Futhermore, water and energy
losses occurred because not all the water available was for
the plant to use, i.e., the irrigation efficiency is less
than 100 per cent. Because the water available for the plant
use may not be all used.

In 1979, Singh (24) presented that one man could
pump enough water to irrigate at most one-half hactare when
the lift was not more than 2 meters high. One liter of
diesel fuel could pump about as much water as one man could
work for 5 days or an ox for 1 day. He pointed out that the
size of the poﬁer unit depended upon the amount of water to
be pumped, the'tota; height to which water had to be lifted,
and the friction losses in the conveyance pipes. There was
an experimént on water pumping with many types of energy
source. The comparative costs (in U.S dollérs) to pump 1,000
cubic meters of water to a height of 2 meters in 8 hours (at
1.52 brake horsepower, 60 per cent efficiency) was shown in

Table 5 .
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Table 5 Comparative costs to pump water by using many kinds

of fuel energy.

D e A e Y S D G G - " - ——— o - v S CE D Gy = B i W v E e s A e . — -

Energy cost/unit Cost
Energy source

(U.S.dollars/unit) (U.S. dollars)
1. Electricity 0.05/kwh 0.69
2. Diesel 0.26/1itre 0.82
3. Gas 0.33/1litre 1.36
4, Oxen 30.00/day 19.00
5. Man 5.00/day 85.00

- Gt — —— — S A . T I D D i - I S A WD P A fmn R G S D S SN R W W b D MR D A G S S A

Source : Water Management Synthesis Project, AIT Library,
1979.

Kammueng (12) said that although gravity irrigation
system was available in the Central region of Thailand for
rice crop, pumping was necessary in some areas both for
irrigation and drainage. The amount of water and the
distance from the main canal of the irrigation system were
the factors that determined the type and size of a pumping
unit.

In 1982, Sriboonchitta (25) in his survey, found
that in rice cultivation, farmers had to pump water in the
rice fields during two periods, Firstly, they pumped water
during land preparation period. Secondly, after they
finished transplanting they had to control the level of

water in the field.
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In 1980, Mongkoltanatas and Chakkaphak (14)
reported that most of the irrigation pumps in Thailand were
driven by engines of power tillers. About 10 per cent of the
total working hours (650 hours) per three months, a power
tiller was used as the prime mover of irrigation pumps.

Sriswasdilek (26) in his survey in Suphan Buri
province, crop year 1984/85, showed that about 54 per cent
of farmers owned water pumps. The average age of the water
pumps was 6.6 years, ranging from one to more than 20 years
old. The majority of them (31.46 per cent) were 6 to 10
years old and approximately 81 per cent of them were from 3
to 15 years of ;ge. The price of the water pumpé when the
farmers bought ranged from less than 1,000 baht to 5,000
baht. Most of them were bought at thg price between 1,001 to
2,000 baht. The average price of all (41.57 per cent) pumps
owned by the farmers was 2,214 baht. All of water pumps
were normally used for two purposes. One was for pumping the
water from any source, including irrigation canals, which is
illegal, drain, pond, and creck to their rice fields when
they had insufficient water, and the other was to pump in
order to drain excessive water from the paddy rice fields.

The data is shown in Table 6.
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Table 6 Owner, age and cost of the water pumps in Suphan

Buri province, crop year 1984/85.

Item No. %
| The farmers interviewed 12
2. The farmers owning the water pumps 82 53.95
3. The water pumps owned by the farﬁers 89

4., Age of water pumps (years)

1 6 6.74
2 7 7.87
3 14 15.73
4 ‘ 9 10.11
5 12 13.48
.6-10 : 28 .31.46
11-15 | | 9 10.11
16-20 ) 3 3.37
>20 S | 1 1.13
5. Average age (years). 6.6

6. Cost of the water pumps when brought

(baht) .
1000 9 10.11
1001-2000 37 41.57
2001-3000 23 25.84
3001-4000 | 16 17.98
4001-5000 . 4 4.50
7. Average cost (baht) 2,214

- — — - — . — —— e e - E W G S N M S e AP e o — . S e W M G S S S M D D M G e S S e S S e e e e e

Source : Thai Rice Farming Tradition, 1990.
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Sriswasdilek reported that in the Second rice crop
1984/85, the rice yield in plot without water management
problems (659 kg/rai) was significantly greater than the
yield in plot with all water management problems combined
(572 kg/rai), yield for problem of insufficient water (578
kg/rai), yield for problem of too much water and poor
drainage (546 kg/rai), and yield for problem of having to
punp water up (457 kg/rai).

National Energy Administration (16) reported that
the Survey Study on Rural Energy Consumption in Thailand
1985 elaborated relavant figures as follows :

1. The water pump holding of households in the
whole country were that 11.41 per cent and 1.29 per cent had
owned the water puﬁp and tﬁe water ‘wheel' engine
respectively. A‘total of them were 709,663 and'77,871 units
respectively.

2. -Fuel EOnsumption of the water pump, it was
found that most of the farmers wused water pumps for
cultivation only accounted for 11.80 per cent. Probably,most
of them could grow # single crop per year depending
mainly on rain as they would use water pumps.forvcultivation
when there was rain shortage.

The quantity of fuel consumption by water pumps for
cultivation activity in the whole country per year was
approximateiy 37.29 million litres. This comprised of
various fuel energy as follows :

1. Diesel 26.4 million litres

2. Regular gasoline 9.4 million litres
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0.09 million litres

3. Super gasoline

4, Kerosene 1.4 million litres
The‘households which used the water pumps for
cultivation activity, they could be classified according to

the gquantity and fuel consumption as shown in Table 7.

Table 7 Percentage of distribution of households which
used water pumps for cultivation activity and

classified by quantity and fuel consumption.

- e A S . - - G > . G S A M O fh WD e i TR M M MR SN D G D W SR M G W —— e I G e M E e

1. Regular gaéoline

% of Households 4.3 2.09 5.94 2.21 4.210
Million litre/year 3.5 1.40 3.85 0.65 9.400

Litre/rai/year 0.14 0.056 0.0926 0.02 0.089
2. Super gasoline
% of Houséholds \ 0.17 0.28 0.05 0.05 0.130

Million litre/year 0.006 0.063 0.018 0.001 0.088

Litre/rai/year 0.0002 0.002 0.0004 na na
3. Diesel

% of Households 13.41 4.60 5.76 0.95 6.920

Million litre/year 12.0 7.0 7.007 0.42 26.427

Litre/rai/year 0.48 0.269 0.1685 0.01 0.250

4. Kerosene
% of Households 0.79 - 0.62 - 0.450
Million litre/year 0.75 - 0.666 - 1.416

Litre/rai/year 0.03 - 0.0160 - 0.013
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Table 7 ( continue...)

Type of fuel N C NE S Total
CElectricity
- % Household - - - 0.52 0.070
1,000 x kwh/year - - - 0.027 0.027
Kwh/rai/year - - - na na

- . T — - ———— i . = n e A Y GWN R 4= M e A P CER M ) W GEL G ST SR S GER WD W WS S S S G G W M M S S MEn Em G s

Total ¥ of Households
18.67 6.97 12.37 3.73 11.177
using the water pumps

- —— — . - — T WS S G SR D GES v s W G S S SO ek T RIS WD M S S S ey e

Remark : N = The North region.
C = The Central region.
NE = The Northeast region.
S = The South region.

Source : National Energy Administration, 1986.

Table 8 Number of the water pumps and the water wheel

engines in rural thailand 1985.

- . - . S S D - S M D D G P G e i L LS M S G WS LD ST S D D D W S G W A S D S S e e D e e e

Water pumps Water wheel engines

Region
Percentage Number Percentage Number
North 16.51 257,970 1.83 25,325
Northeast 10.27 256,629 1.54 38,590
Central 10.11 137,600 0.86 12,800
South 6.60 57,464 0.14 1,156
Total 11.41 709,663 1.29 77,871

Source : National Energy Administration, 1986.
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CHAPTER III

RESEARCH METHODOLOGY

1. Research Design

This research Qas designed to servey and collect the
data on pumping irrigation activity and investigate energy
demand in pumping irrigation for second rice -crop
cultivation in crop year 1988/89. The studied areas were
the second rice crop planted areas in the North and Central
regions. Interview and testing of water pumps, fuel
consumptioh measurement were done in the stage of data
collection and field test. The recommendation of an
appropriate alternatives for pumping irrigation to increase

efficiency of this farming activity would be done.

2. Data Collection

2.1 Data Sources
Data wére collected from primary and secondary
sources
2.1.1 Primafy data source
These data were collected at individual -
farms in each region.
2.1.1.1 Personal interview
Questionnaire (see Appendix B)
as used as a tool for collecting dataA from farmers. The
" target groups were the farmers at least .three years
experiences on second rice crop cultivation.
2.1.1.2 Fuel consumption test

Record sheet for field test
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( see Appendix B ) was used for recording data from pumping
irrigation activity for second rice crop cultivation.
2.1.2 Secondary data source
These data were collected from relevant
studies such as research reports, journals, bulletins,
textbook33 Survey reports, etc. These data were used for
the resea;ch design and forming questionnaire for study.
They cduld be divided as follows :
2.1.2.1 General data
They were data of the North and
Central regions such as planted area, harvested area, grain
production, etc.
| 2.1.2.2 Specific data
They were types of water_pumps,
typgs of energy used in pumping irrigation for second rice
crop cultivation, etc.
2.2 Sampling Procedures
Due to the large second rice crop planted areas
in the North and Centrai regions and the different land
pattern from area to area, to cover all of irrigation
pumpipg syStemsu stratified random sampling was applied. The
data were set ranging from the biggest to the smallest as
Region,‘;the :A;¥o—economic zone, Province, District, Sub-
distgict and Village. The sample areas were selected under
the following consideration :
| 2.2.1 Selection of agro-economic 2zone
From each region,the agro-economic zones

were selected in accordance with the planted areas. The
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agro-economic 2zones should have more second rice crop
prlanted a;eas crop year 1987/88 than the average in the
region. The selected agro-economic zones were :

2.2.2.1 The North region were agro-
economic zone 6 and 8.

2.2.2.2 The Central region were agro-
economic zone 11, 13 and 14.

2.2.2 Selection of province

The North and Central regions of Thailand
composed of 17 and 25 provinces which had 480,605 and
2,840,700 rais of second rice crop pl;nted areas in crop
year 1987/88 respectively ( Table 10 ). Only some provinces
which had second rice crop planted areas more than the
average in the égro-economic zone were selected. Thus, the
selected provincés‘of this study were Z and 8 provinces in
the North and Central regions respectively { Figure 1 ).
The results of selected provinces were :

2.2.2.1 Agro-economic zone 6 was Nakhon
Sawan. |

2.2.2.2 Agro-economic zone 8 was
Phitsanulok.

2.2.2.3 Agro-economic zone 11 were
Suphan buri, Nakhon Pathom, Chai Nat, Sing Buri, Nontaburi
and Ang Thong.

2.2.2.4 Agro-economnic zone 13 was
Chachoengsao.

2.2.2.5 Agro-economic zone 14 was Samut

Prakan.
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year 1983/84 to 1987/88.

Region ==-mcececrm e e
1983/84  1984/85 1985/86 1986/87 1987/88
Northeast 219,000 385,091 214,600 213,957 132,993
North 416,000 '560,376 614,734 437,104 480,605
Central 3,168,000 3,348,179 3,361,371 3,143,877 2,840,700
South 160,000 187,687 223,981 190,358 173,662

- - = A s P v ——— — G — S e AT CEY T . e A G S e S e W IS W TR R = G WD MR WS S e e e e —

Total 3,963,000 4,481,333 4,414,686 3,985,296 3,627,960

——— e e — — - — T S - G . T I R W S D S T G e e e S T S oW e S S S G S T S - e - G -

Sourse : Center for Agricultural Statistics, 1985/86-1987/88.

17951 1 s
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Phitsanulok

Nakhon Sawan

Chai Nat . .
Sing Buri
Suphan Buri Ang Thong
Nonthabuyfi

Nakhon Phathom -

=>— Chachoengsao

Figure 2 . Location of studied areas.
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In this study, each selected pro&ince was
studied only in villages, districts and sub-districts which
were main planted areas of second rice crop.

2.3 Number of sampling households

As the studied areas covered by the two regions
of Thailand were large, in order to determine the number of
sampling households proper for the time and budget available
and to get reliable data,households were sampled by the
quota simple random sampling (13). Thus, the total
number of sampling households of both regions were 200
households. Forty and one hundred and sixty were samples in
the North and Central regions respectively. |

2.4 Samples Distribution

The calculated number of sampling households

were directly proportional to the number of households and

distributed to the selected provinces as shown in Table 10.
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Table 11 .The Distribution of sampling households by

Provinces and Regions.

T o o e e e e e e e e e e e e e e - e - —— - — ———— — o —

Region Province Number of samples
North Nakhon Sawan 20
Phitsanulok 20
Central Suphan Buri 40
Nakhon Pathom 30
Chai Nat , 24
Sing Buri . 19
Nonthaburi ' 14
Ang Thong ' 7
Chachoengsao 19
Samut Prakan 7
Total 200

Source : 1. Center for Agricultural Statistics, 1987/88.

2. Calculation.

2.5 Farm Interviews

The questionnaire’s pre-test was done in November

1987. The interviews started in April 1987 and finished in
June 1987. The maximum second rice crop planted areas of
districts, sub-districts and villages were selected from
each province. They were supported by the planted area data
from the‘Agricultural Extension offices of the provinces and

districts. Before interviewing the farasers, the first
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contract was made with the head of sub-districts or
villages. The interview was done both in the fields and in

farmer’s houses by the trained interviewers.

3. Research Tools
The tools used for all steps of this reseach were as
follows
3.1 Tool for data collection
3.1.1 Questionnaires : For interviewing farmers
who had cultivated experiences on second rice crop at least
the last three consecutive cropping seasons (see Appendix B).
3.2 Tool for field test
3.2.1 Record sheet for field test : For
recording data from field test ( see Appendix B ).
3.2.2 Stop watch : For timing the work rate.
3.2.3 Measuring tape : For measuring areas of
the fields and height of water resource.
3.2.4 Beaker and cylinder : For measuring the
amount of fuel used.
3.2.5 Diesel and gasoline fuel : For testing
on water pumps fuel consumption rate.
3.2.6 Fuel tank dip-stick : For measuring the
level of fuel used.
3.2.7 Fuel tank : For keeping the fuel to
‘refill to water pump engine'’s fuel tank.
3.3 Tool for data processing
3.3.1 Microcomputer

3.3.2 Lotus 123 program



38

3.3.3 SPSS PC PLUS Program

4. Field Test

4.1 Water pump test
In order to get the energy consumption and work
rate of water pumps, water pumps were tested while the
farmers were operating them in the fields. -
4.2 Test sites
Field test were done in both regions, 20 and 60
cases in the North and Central regions respectively. The
selection of test sites was base on the second rice crop
planted area data, cropping season, timé and budget
available. The selected provinces of test sites were :
"4.2.1 The North :egion was Ngkhon Sawan.
4.2,2 The Central region were Suﬁhan Buri,Chai
Nat, Sing Buri and Chachaengsao.
4.3 Field Activities
Water pumps fuel cénsumption was tested by
various kinds of water pumps with different power. The test
covered all activities which the farmers performed for
pumping irrigation in both regions as pumping water in and
out the fields. |

4.4 Test Procedures

Only the test for water pump fuel consumption
was done ( Figure 7A ). The dip-stick fuel consumption
measurement method was used in this procedures. First, the

fuel level was measured by using a dip-stick and a mark was

made on it. The position of water pumps should be in the
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horizontal level while measuring. The time was counted from
the start of the engine until the engine was stopped. The
fuel was refilled until the fuel level reached the original
mark and the amount of fuel was determined. The time of
work interruption while working on adjustment or refill the
fuel was not included. The relevant data were also measured
and interviewed, then the fuel consumption could be
calculated in terms of litres per hour, litres per horse

power-hour or litres per rai.

5. Data Processing

5.1 Data Editing
The questionnaires were edited twice, first in
the field and then in the offices. Field data edition was
carried out after the interviewers had checked the
completeness and validity of response. If they were found
to be incompleteness and responses invalid, the interviewer
would be sent out to complete the gquestionnaires on the
following day.
5.2 Coding
After checking field data for correctness and
completeness, a set of coding instruction was developed.
These data were kept in the microcomputer diskette. After
that all data were collected and coﬁputed for futher

calculation by Lotus 123 and SPSS PC PLUS Program.

6. Data Analysis

Data Analysis was analysed in two techniques, the

statistical analysis and economic analysis.
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6.1 Statistical Analysis
First, the data were grouped by power source of
the water pumps. The water pumps were divided into three

groups by consideration of the majority of horsepower of the

engines used by the farmers. They were as follows :

1) Water pumps with 2.5 to 5.5 Hp.engine.
2) Water pumps with 6.0 to- 9.0 Hp.engine.
3) Water pumps with 9.5 to 18.0 Hp.engine.

Second, the average fuel consumption of water

pumps engine per rai for each horsepower range were

calculated.

percentages,

6.2

evaluated to

per rai of

Third, descriptive data were analysed by

means and standard deviation.

‘Economic Analysis

The results from statistical analysis were
find the total cost and the average energy cost

pumping irrigation for second rice crop

cultivation in crop year 1988/89 in each region.

All methodological approach could be summarized in

Figure 2.
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|

| Data Analysis(1)

Data for the reséarch was
collected from various
government publications
research reports and

government agency.

[Sampling Procedures

Secondary data for the
research was studied and

interpreted.

| Data Collection(2)

| I

The samﬁling scheme
adopted in this study
would be stratified

random sampling.

| Data Analysis(2) AA}

Questionnaireband data
sheet were developed.
Field data collection
were checked for the
correctness and

completeness.,

Discussion,Conclusion

and Recommendations.

Field data were analysed

and interpreted.

The results could be
discussed, concluded and

recommended.

Figure 2 Stage of study




CHAPTER 1V

RESULTS AND DISCUSSION

1. Relevant Resources on Pumping Irrigation for Rice

Cultivation in the North and Central Regions of

Thailand.
1.1 The Farmer

On averasge, the family ’'s size in the North
and Central regions were 4.5 and 5 respectively. Also, The
average number of agricultural labour in each family in the
North and Central regions were 2.7 and 3.2
respectively. Regarding, educational level of farmers in
both the North and Central regions were succeeded in primary
education. |

1.2 Farm Land

Data was shown that the average,planted area in
the North region Qas 24.0 rai per household, and 26.5 rai
per household in the Central region. Both second rice crop
planted area in the“North and Central regions settled in
irrigated area or planted area which had been supplied with
water through out the crop year. In the Cen£ral region and
agro-economic zone 11, the planted area of second rice crop
year 1988/89 was relatively higher than the plénted area in
other regions and the agro-economic zone 11 which were 68.72
per cent and 50.20 per cent respectively. The Central region
and agro-economic zone 11 had 48.62 per cent and 28.62 per

cent irrigated area of the whole coﬁntry repectively.
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1.3 Water Resources

Surface water was the main water resource for,
second rice crop planted area. In the North region, there
were several rivers such as Ping, Wang, Yom and Nan rivers
and also Chao Phraya rivers in the Central region. Besides,
natural canal, including water resources from the Irrigation
Project which were distributed in both regions.

With respect to ground water,it was used as a
supplementary source of supply where surface water was
inadequate or inpoor quality. On average, the quantity of
ground water in each regions ranged from 30 to 50 gallons
per minute to 1,000 gallons per minute (1).

The result of the study was shown that in crop
year 1988/89,the sources of water supply for planting second
rice crop in the North as compared to the Central regions
were from natural canals ( 37.5 per cent, 53.13 per cent ),
water resoufce from irrigation projects (55 per cent, 31.25
per cent ), electrical pumping projects { 2.5 per cent, 12.5
per cent ) and ground water ( 5 per cent,3.12 per cent). The
farmers in both regions had adequate water supply for
second rice crop cultivation which was 95 per cent in the
North region, as compared with 91 per cent in the Central
regionﬂ

In crop year 1988/89, the water resources
from nature and irrigation projects were mainly supplid for
the second rice crop cultivation in both regions. On the
other hand, ground water was rarely supplied. There were

minority of popular developed irrigation projects,
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electrical pumping projects in the studied areas.
1.4 Rice Production

In crop year 1988/89, the second rice crop
rlanted afeas in the North and Central regions were 19.8 and
66.9 per cént of whole country or 1.0 and 3.5 million rais
respectiveiy. The average of second rice crop planted areas
per household of both regions were 13.0 and 17.0 rais
respectively. Methods of second rice crop cultivation in
both regions were broadcasting planting method ( Na-Wan )
and transplanting planting method ( Na-Dum ). The second
rice grain production of both regions in crop year 1988/89

was 642 and 539 kilograms per rai respectively.

2. The Water Lifting Devices Application for Rice

Cultivation in the North and Central Regions.

2.1 The Water Pump
Data on water pump applications of the North
~and Central regions came from farmers interviewed and field
test. It could be concluded as following
2.1.1 Ownership

With respect to water pump ownership,
data was shown that the higher percentage of farmers in the
Central region (70.6 per cent) owned their own water pump,
as compared to 62.5 per cent in the North region. The detail
is shown in Table 12.

From Table 12, most of the farmers in
both regions owned the water pumps because they were

necessary for pumping water into their fields for second
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rice crop cultivation. The farmers in the North region had
the watgr pumps one or two sefs. While the farmers in the
Central region had the water pumps one to three sets. It
was shown that the water pumps were more popular in the
Central than in the North regions.
2.1.2 Type and size

Most of the water pumps in the North
were propeller pump ( 81.5 per cent ), as compared to 72
per cent in the Central region. Others were centrifugal
pump which were 18.5 per cent and 6.5 per cent in the North
and Central regions respectively. As the water wheel
engine (Ra-hud) was not found in the North region (Table 13
and Table 14).

The results from Table 13 shown that the

popeller pumps were the popular ones for the farmers in both

regions. Because of their adventages as easy to use,
maintain and low price. Besides, these water pumps could be
combined with two wheeled tractors of the farmers. The

minority of the farmers ﬁsed centrifugal pumps and water
wheel engines because they had some constraints as low
efficiency, high cost and difficult to operate and to
transport.

From Table 14, most of diesel water
pumps in the both regions were 6 to 18 horsepower engines.
The farmers used these engines as multiple purpose usage.
Most of gasoline water pumps in the both regions were 2.5 to
5.5 horsepower. The farmers prefered to use gasoline

engines with the water pumps only because it had 1light
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weigﬁt, easily to transport and low cost.
2.1.3 Power driven

Regarding to power driven that farmers
in both regions were different, in the North region 63 per
cent used engine , but 37 per cent used power tiller. In the
Central region 70.5 per cent used power tiller,_but 29.5 per
cent used engine ( Table 15 ).

From Taole 15, it was indicsated that
most of farmers in the North region prefered to use engine
as power driven of the water pumps. While most of farmers
in the Centrai region used the two wheeled tractor as ﬁower
driven of the water pumps because most of the farmers in the
Central region owned two wheeled tractors.

| 2.1.4 Energy souéce

The energy used of water pumps in‘both
regions, the North and Central regions were only diesel and
gasoline fuels ( Table 16 ). .

Table 16 showed that the farmer§ in both
regions prefered to use diesel than gasoline engines.
Because diesel engines could be used as multiple purpose and
they used the lower price fuel than gasoline engine.

2.1.5 Cost |

-Cost of water pumps means that cost of
engine and equipments. There were two types of water pumps
in the North and bentral region, diesel and gasoline
engines. The average cost of diesel engines in both regions
was 27,163 and 21,192 baht respectively. The average cost

of gasoline engines in both regions were 4,775 and 5,318
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baht respectively.
2.1.6 Maintenance cost
The average maintenance cost of water
pumps in the North and Central regions was 919 and 1,729
baht per year respectively.
Maintenance cost of water pumps in the
Central region was higher than in the North region because
most of the engines in the Central region were used as
multiple purpose engine.
2.1.7 Work rate
For diesel engines, the .work rate of
water pumps in the North and Central regions was 7.25 and
9.91 hours per rai respectively. For gasoline engines, the
work rate of water pumps in both regions was 4.49 and 6.90
hours per rai respectively.
2.1.8 Fuel consumption rate
For diesel engines, the fuel consumption
rate of water pumps in North and Central regions was 0.84
and 0.85 litres per hour respectively. For gasoline engines,
the fuel consumption'rate of water pumps in both regions was
0.62 and 0.84 litres per hour respectively.
2.1.9 Duration time of using
It was found that, in the North and
Central regions the water pumps were used for farming
abtivity through the years from January to December. For
second rice crop cultivation, the duration time of using
water pumps was November to May. It also was found that,

diesel engines were used more than gasoline engines, 6 and 4
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months in one year respectively.

Table 12 Owner and quantity of the water pumps by the North

and Central regions.

Quantity
Region Owner Not owner
1 Set 2 Sets 3 Sets
The North 62.50 37.5 92.10 8.0 -
The Central 70.62  29.38 77.88 21.24 0.88

Source : Calculation

Table 13 Types of the water pumps by the North and Central

regions.
Unit : Per cent
Region PP CP WWE Others
The North 81.48 18.52 - -
The Central 71.94 6.48 21.58 -

D G G G S D e A . S ——— > W GHb T ML NS GED SR WD D R S AT S D T S S e A S s o

Remark : PP Propeller pump or axial flow pump ( To - Paya

- Nak )
CP = Centrifugal pump
WWE = Water wheel engine ( Ra ~ hud )

Source : Calculation
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Table 14 Size and fuel types of the water pumps by the North

and Central regions.

Fuel type / Region -------------—oee——mmmrrrme—oe—m e
2.5 to 5.5 6.0 to 9.0 9.5 to 18.0

Diesel

The North - 53.33 46.617

The Central 4.46 49.175 51.79

Gasoline

The North 50.00 41.67 8.33

The Central 65.38 23.08 11.54

- o i T . E" S Y S D S CEP b ) GeE M T e . D e T M S A A A R S G A0 S R G M e e el G e

Source : Calculation

Table 15 Power driven of the water pumps by the North and

Central regions.

- - T A S S S W R N S D e e N S G G G G D P D G WS A M S e MR W R G e A G S G G W S e S M e b eh W e e

Region Two wheeled tractor Engine Others

The North 37.0 63.0 -

The Central 70.5 29.5 -

Remark : 1. Two wheeled tractor : Engine of two wheeled
tractor

2. Engine : Engine single

Source : Calculation
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Table 16 Fuel types of the water pumps by the North and
Central regions.

Unit : Per cent

- D W . —————— e R S e G S G M e T e e W e G s e G M G GEL MR D G W M e SR W G M IR S W G ML SIS D S e me e

Region Diesel Gasoline Others
The North 55.56 44 .4 -
The Central 80.58 19.42 -

Source : Calculation

2.2 Electric Motor

The electric motor is better than engines
because of the following reasons :

1) It could be used continubus;y for lbng
periods of time.

2) It is easier to start and stop the electric
motor.

3) It could be automatically start and stop
the electric motor.

4) The operation and maintenance cost is
lower than the engine.

On the other hand, it is very difficult to
transfer the electric motor from one place to the others.
There are two types of electric motor for pumping irrigation
as 1 - phase and 3 - phase.

1 - phase electric motors were regularly used
with the farmer’s pump while 3 - phase electric motors were

used in pumping stations of the government agencies.
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In studied area, there is no electric motor
using by farmers in pumping ijrrigation for second rice crop
cultivation in crop Yyear 1988/89 except Electrical Pumping
Project of government agencies such as the National Energy
Administration and the Royal Irrigation Department.

2.3 Other devices

It was found that farmers in the North region
did not use any other water lifting devices except water
pumps in the second rice crop cultivation, crop year 1988/89.
On the other hand, fhere was 21.6 per cent of

the water wheel engines ( Ra - hud ) in the Central region.

3. The procedure of energy use in pumping irrigation for

rice cultivation.

3.1 Fuel

Fuel in this study included the pumping
irrigation activity from land preparation until harvesting.
The farmers were interviewed in the second rice crop planted
area in the North and Central regions. Fuel management in
each region was different in quantity,price, transportation,
distance and maintenance. Mean and percentage of the data
were analysed as follows :

3.1.1 Quantity and price

Quantity and price were quantity and

price of fuel which farmers bought each time. The quantity
was different according to consumption need, size of farm
machinery and fund. From the survey of fuel consumption in

each region, the diesel consumption was more than gasoline
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because most of farm machinery was diesel type. Kerosene was
used only for lighting.

Fuel price was different according to
the types and places. In general, gasoline and kerosene was
more exéensive than diesel. The average prices of gasoline,
diesel and kerosené in both regions were 8.1 to 10, 6.2 to
6.7 and 9 to 10 baht per litre respectively.

The detail of quantity and price of fuel
in each region were shown in Table 17 and Table 18.

From Table 17 and 18, the quantity per
time of fuel in the North and Central region was different.
For gasoline fuel, it was varied from 2.0 to 17.1 litres per
time becausg most of gasoline fuel was used for water pumps
only. For diesel fuel, it was dﬁfferentAfrom 5.8 to 221:6
litres per time. For 5.8 to 15.0 litres per time, diesel
fuel was used for water pumps only. For 43.5 to 221.6 litres
per time, diesel fuel was used fér other farming activities
or for hiring.

3.1.2 Transportation and distance

The farmers have to go to buy fuel by
their own transportation. In some area the merchant sent
fuel to farmers _which the fuel price include transporting
expense. Vehicle used in fuel transportation depended on
distance, fuel quantity and vehicle availabler For short
distance, transportation was by walking, bicycle or
motorcycle. For long distance, farm tractor or bus were
used.

The details of transportation and
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distance were divided to agro-economic zone, provinces and
regions studied as shown in Table 19 and Table 20.

From Table 19 and 20, it was found that
there were five methods for transportation of fuel as
walking, bicycle, motorcycle, farm tfactor and bus. For the
long distance ( 2.7 to 5.9 kilometres ), bus and farm
tractor was used ( 58.30 to 100 per cent ). For the short
distance ( 0.7 to 2.4 kilometres), walking, bicycle and
motorcycle was used ( 66.70 to 100 per cent )

From Table 20, it also were found that
in the Central region the bus and farm tractor was used more
than the North region because of the average long distance.
In the North region farmers prefered to use motorcycle
according to the short distance.

3.1.3 Fuel storage

Most of farmers stored fuel in the house
or nearby place. Some farmers stored the fuel in the farm.
The fuel container was a 200 litres iron tank and 5 litres
plastic container. |

The details of fuel storagesaving were
devided to agro-economic zone, provinces and regions as
shown in Table 21 and Table 22.

From Table 21 and Table22, it show that
most of the farmers stored the fuel in fuel tanks in their

houses because it was safe from thief.
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Table 17 Quantity and price of fuel by agro-economic zones

and provinces.

Quantity/time and Price/litre
(litres/time and bahts/litre)

Zone Province Gasoline Diesel Kerosene

—— - a —— — —— ma me  - S S G G M S S M e e G M - A -

6 Nakhon Sawan 8.1 8.6 46.2 €.7 - -
8 Phitsanulok 4.1 9.0 5.8 6.7 - -
11 Suphan Buri 5.6 8.1 43.5 6.6 - -

Nakhon Phathom 17.1 9.3 221.6 6.2 - -

Chai Nat 2.0 9.8 131.8 6.4 1.5 9.0
Nonthaburi 5.0 9.0 159.3 6.3 - -
Sing Buri 5.0 8.3 10.0 6.3 - -
Ang Thong’ 5.0 8.3 15.0 6.7 5.0 9.0

13 .Chachoengsao 3.7 10.0 195.8 6.3 5.0 10.0

14 Samut Prakan 15.4 8.2 155.7 6.4 - -

—— . — —— - —— - — G ——— G W —— e AP S S ————— - ———— > — > = o = =

- Remark : Qty. = Quantity

Source : Calculation

Table 18 Quantity and price of fuel by the North and Central

regions.
Gasoline " Diesel Kerosene
Region
Quantity Price Quantity Price Quantity Price
The North 6.1 8.8 26.0 6.7 - -
The Central 7.4 8.9 116.6 6.4 1.4 9.3

Source : Calculation
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Table 19 Transportation of fuel and distance by agro- -

economic zones and provinces.

e —— - ————— —— T - e S D D W A MER TS G e e S G W SN SN e M M e WS G e G S D SR S S G S Em e e e W=

Type of Transportation Distance
Zone Province
1 & 3 4 5 ( Km.)
6 Nakhon Sawan 16.7 5.5 55.6 11.1 11.1 1.3
8 Phitsanulok 5.6 16.7 44.4 22.2 11.1 1.6
11  Suphan Buri 24,4 31.7 22.0 12.1 9.8 | 1.9
Nakhon Prathom 3.3 = 3.3 36.7 56.7 4.6
Chai Nat 4,2 29.2 8.3 33.3 25.0 2.1
Nonthaburi - - - 78.6 21.4 5.9
Sing Buri 33.3 - 66.7 = = 2.4
Ang Thong 75.0 - 25.0 = - 0.8
13 Chachoengsao - - 5.2 42.2 52.6 5.3
14 Samut Prakan = = 14.3 71.4 14.3 0.7
Remark : 1 = Walking 3 = Motorcycle 5 = Bus
2 = Bicycle 4 = Farm Tractor

Source : Calculation

Table 20 Transportation of fuel and distance by the North

and Central regions.

Unit : Per cent

@ ————— D TR T = e . T T e D G S G R e S M M e e e S G SRR G Gl D P S M S e G D D D D S A S ED SR T e S e A S e e

Type of Transportation Distance
Region

1 2 3 4 5 ( Km.)
The North 11.1 11.1 50.0 16.7 11.1 1.5
The Central 17.5 7.6 18.1 34.3 22.5 3.0

——n s D - —— — . . S M PR e W e G A A A R e S G G WD TS M S M WD GOV MUY G Gmb W G S S s e e

Source : Calculation ) ~
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Table 21 Place and container for fuel storage by agro-
economic zones and provinces.

Unit : Per cent

e W M . — e S T TR TR TE M e e e M I M G P G M M W R GE N M M S G S W M S A T S G G W e

Place Container
Zone Province
House Farm Engine’s tank Others
6 Nakhon Sawan 94.5 5.5 27.8 72.2
8 Phitsannlok 100.0 - 22.2 77.8
11 Suhan Buri 97.6 2.4 43.9 56.1
Nakhon Phathom 100.0 - = 100.0
Chai Nat 95.8 4.2 8.3 91.7
Nonthaburi 100.0 - 28.6 71.4
Sing Buri 100.0 = 50.0 50.0
Ang Thong 100.0 g | - 1 100.0
13 Chachoengsao 94.7 5.3 = 106.0
14 Samut Prakan 100.0 = = 100.0

——— - —— - S T D M D G G S GED SUR  SER M M S P S D D S S G S S e W S S GAD S e e S S M - - o

Source : Calculation

Table 22 Place and container for fuel storage‘ by the North

and Central regions.

Unit Per cent
Place Container
Region
House Farm Engine’s tank Others
The North 97.2 2.8 25.0 75.0
The Central 98.5 1.5 16.4 83.6

Source : Calculation
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3.2 Electricity

From interview farmer in second rice crop
planted area in the North and Central, electrical energy
used in pumping irrigation was not found, but the data from
the government sector, electrical energy was used
increasingly in cultivation. The evidence was electrical
pumping project which belonged to the National Energy
Administration.

From the details of the National Energy
Administration in 1988/89 the whole cultivated areas in
out of rainy season under the projects were 310}536 rais
which the total electricity consumption used in pumping the
water was 49,111,339 units ( kilowatts-hour ). The details
were shown in the Table 23 and 24.

From Table 24, the average hours for
pumping irrigation in crop year 1988/89 in the North and
Central regions was 8.87 and 6.26 hours per time
respectively. The average electricity of pumping irrigation
was 131.70 and 123.15 units per rai respectively. The
average charges of pumping irrigation was 154.10 and 144.10
baht per rai ( calculated at electricity charge = 1.17

baht per unit ) or 129.75 and 116.80 baht per hour

respectively.



Table 23 Planted areas and electricity use in dry season of the Electrical Pumping Project

by regions, crop year 1988/89

TooToToTTITITII T | Anintei L A T ToTosesesmess T
i E E Pumping ; Electricity é
H Region } Planted area |------------ pommmm——————— R et Jrmmmmmmemm e !
H H (rai) H Times i Hours H Units ; Charge (baht) |

- o

'1. The Northeast H 126,028 ; 34,520 ; 176,855.1 ; 15,153,817 ; 17,729,965.89 |
: K ' : : ! !
'2. Tne Norch H 124,262 19,297 | 171,321.5 ; 18,993,128 | 22,229,330.76
! ! ' : ' ! !
'3. The Central s 32,104 | 6,324 | 39,604.8 ! 3,953,755 | 4,625,893.35 |
' : : ! ' ! '
!4, The South 3 8,140 ; 1,130 } 4,961.8 ; 449,700 } 526,149.00 ;
: ! ' e R ' !
: ' : ! ! ! :
H Total B 310,536 ; 61,271 ! 392,743.2 | 35,556,700 ! 45,111,339.00 ;
| I AN y Wi il i 1

Remark : Electricity Charge = 1.17 baht per unit

Source : National Energy Administration, 1989.
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Tablg.24 Planted areas and electricity use in drf season of the Blectical Pumping Project
by the North and Central Regions, crop yea§‘1988/89.
A T i ) P T
' H H Pumping H Electricity
H Region / Province |Planted areas)-~=—-=---- T e rmnmmmm——— rmme—m——ee—————
H H (rai) H Times E Hours H Units ; Charge (baht)
e B R e N e
! The North 4 144,264 } 19,297 | 171,321.53 | 18,999,428 | 22,229,330.76
\ 1, Uttaradit i 62,955 | 7,337 ¢ 72,764.9 { 8,540,581 | 9,992,479.77
3 Su§othai H 7,401 } 1,712 | 6,994.6 705,196 ; 825,079.32
{ 3. Lampang 3 2,068 } 405 | 3,282 | 416,649 | 487,479.33
! 4. Nan 5 9,029 | 1,966 | 11,955.92 ) 975,682 | 1,141,547.94
! 5. Pharae ' 641 79 693 | 53,840 | 62,992.80
! 6. Chiangrai H 1,793 | 525 2,074.15 } 171,318 | 200,442.06
\ 7. Payao g 1,401 100 644.17 !} 59,803 | 69,969.51
+ 8. Phichit B 6,914 1,090 | 8,920.5 | 788,051 922,019.67
! 9. Phitsanulok 3 39,129 | 3,254 ! 42,245.24 ) 5,368,374 } 6,280,997.58
!10. Kamphaeng Phet 3 8,163 | 1,722 ) 12,924.3 } 1,173,099 } 1,372,525.83
111. Chiangmai 0 3,171 } 422 | 3,595.75 | 404,861 | 473,687.37
112. Lamphun H 469 | 122 } 1,008 } 61,788 | 72,291.96
113. Nakhon Sawan H 350 ; 67 | 554 } 23,808 | 27,855.36
'14. Uthai Thani ' 780 496 ! 3,575 3 256,378 299,962.26
jommmmmmm e ' H : ——t---- fmmmm e
tAverage (by province) 10,304.6 1378.4 12,237.3 1,357,102 1,587,809.30

t
L

oo we




'
4

preTT S proTTnem L T
H H Pumping H Electricity H

Region / Province }Planted areas;---- iy - T ———

! (rai) ! Times ; Hours ! Units E Charge (baht) |
---------------------- R e ' y=-- ' '
The Central H 32,104 6,324 ! 39,604.81 ! 3,953,755 ! 4,625,893.35 ]

1. Kanchanaburi H 10,361 ; 1,593 ! 11,990.49 ! 1,325,911 ; 1,551,315.87 }
2. Ratchaburi H 873 271 } 2,123.50 ; 201,192 235,394.64 |
3. Nakhon Phathom H 1,208 | 274 | 2,032.26 } 216,808 | 253,665.36 )
4. saraburi H 8,011 ; 1,230 } 9,501,50 ! 1,227,366 | 1,436,018.22 ;
5. Lop Buri H 1,321 | 137 } 1317 | 86,720 } 101,462.40
6. Prachin Buri 3 9,013 } 2,431 | 9,845.06 | 677,350 | 792,499.50 }
7. Chai Nat 8 270 | 326 ! 2,463.50 | 185,600 | 217,152.00 ;
8. Phechaburi 8 780 : 18 145.25 17.566 s 20,545.20 |
9. Chachoengsao B 267 | 44 186.25 | 15,248 17,840.16
-- ; : e ommmmmmm e :

'Average (by province) } 3,567.1 702.7 4,400.5 | 439,306.1 ; 513,988.20 !
- i Vs Yz = H L H

Table 24 (Continue
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Remark : Electicity Charge = 1.17 baht per unit

Source : National !nergf Adainistration, 1989.

3.3 Other energy

The results of the study revealed that farmers

in both regions were not used other energy in pumping

irrigation for second rice crop cultivation such as wind-

power, water power, man-power and animal-power.
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4. Quantity of Energy in Pumping Irrigation for Rice

Cultivation in the North and Central Regions.

The farmers in both regions used water pumps with
2.5 to 18.0 horsepower of diesel and gasoline engines.

4.1 Quantity of Energy in Pumping Irrigation for
Rice Cultivation in the North Region.

The farmers in the North region used water
pumps with 2.5 to 18.0 horsepower of diesei engine and-2.5
to 9.0 horsepower of gasoline engine.

The fuel consumption and work rate of water
pumps in the North region according to horsepower ranges

were shown in Table 25 and Table 26 .

Table 25 Diesel fuel consumption and work rate of water

pumps in the North region.

- . — - T T - - T D S e S G D W G S S W D D R T T T S D S B M e e e e e e e e

Horsepower range

Item
2.5 - 5.5 6.0 - 9.0 9.5 - 18.0
1. Fuel comsumption  0.80  0.85  0.86
(Litres/hour)
2. Work rate 8.84 6.71 . 6.20
(Hour/rai)

3. Fuel consumption 7.07 5.70 5.33
(Litres/rai) '
Source : Item 1 from field test
Item 2 from interview

Item 3 from calculation

From table 25, the average of diesel fuel
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consumption in the North region was 6.03 litres per rai.
Table 25 show that, the fuel consumption varied
to the horsepower of diesel water pumps. On the other hand,
the work rate was inversely proportional to the horsepower
of diesel water pumps. Therefore, the fuel consumption ( in
term of litres per rai ) should be inversely proportional to

the horsepower of diesel water pumps as well.

Table 26 Gasoline fuel consumption and work rate of water

pumps in the North region.

Horsepower range

Item
2,5 - 5.5 6.0 - 9.0 9.5 - 18.0
1. Fuel consumption 0.60 0.6 -
(Litres/hour)
2. Work rate ‘ 5.64 3, 33 -
" (Hour/rai) =
3. Fuel consumption 3.38 ' | 2.10 -

(Litres/rai)

—— - - — A W® W W S WD ———- S - W v M D W M = e GNP ST T S e G W CE G S b e S D e o ——— o ——

Source : Item 1 from field test
Item 2 from interview
Item 3 from calculation
From Table 26, the average of gasoline fuel
consumption in the North region was 2.74 litres per rai.
As the mentioned reason before in Table 25, it
was found that in Table 26 the fuel consumption ( in term of
litres per rai) was inversely proportional to the horsepower

of gasoline water pumps.
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In crop year 1988/89, in case of the whole
diesel engines in the North region utilized for water pumps
by all of farmers household. As a result, the quantity of
diesel fuel using in pumping irrigation for second rice crop

cultivation would be calculated by

- Planted areas 854,372 rais

- Diesel fuel consumption 6.03 litres/rai
Total diesel fuel used = 5,151,592 litres
In case of the whole gasoline engines in the
North region utilized for water pumps by all of farmers
household, the quantity of gasoline fuel in pumping
irrigation for second rice crop cultivation, crop year

1988/89 would be calculated by :

- Planted areas = 854,372 rais

- Gasoline fuel consumption 2.74 litres/rai

Total gasoline fuel used 2,340,856 litres

As farmers in the North region was the owner of
water pumps : diesel engine 55.6 per cent and gasoline
engine 44.4 per cent. The average second rice crop planted
area in crop year 1988/89 was 13.71 rai per household.
Therefore the diesel fuel was 2,862,164 litres and gasoline
fuel was 1,040,304 litres if farmers used the both types of
water pumps.

Quantity of both fuel for pumping irrigation
in the North region was shown in Figure 3.

4.2 Quantity of Energy in Pumping Irrigation for

Rice Cultivation in the Central Region.

The farmers in the Centralvregion used water
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pumps with 2.5 to 18.0 horsepower of diesel and gasoline

engines.
The fuel consumption and work rate of water

pumps in the Central region according to horse power ranges

is shown in Table 27 and Table 28.

Table 27 Diesel fuel consumption and work rate of water
pumps in the Central region.

- D b i A S A D D R e e TS e e W e M S A M S N AR CEL S e L MR SN T e Gme G S M GNP P G D D CE W A e e S e G e e —

Horsepower range

Item
2.5 - 5.5 6.0 - 9.0 9.5 - 18.0
1. Fuel consumption o.718 0.82 0.94
(Litres/hour)
2. Work rate . 8.32 11.54 9.87
(Hour/rai)

3. Fuel consumption 6.49 9.46 9.28
(Litres/rai) |
Source : Item 1 from field test .
Item 2 from interview
Item 3 from calculation
From Table 27, the average of diesel fuel
consumption in the Central region was 8.41 litres per rai.
Table 27 show that, the fuel consumption and
the work rate varied to the horsepower of diesel water
pumps. Therefore, the fuel consumption ( in term of lit:es

per rai ) should be varied to the horsepower of diesel water

pumps as well,
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Table 28 Gasoline fuel consumption and work rate of water
pumps in the Central region.

Horsepower range

Item .
o 2.5 - 5.5 6.0 - 9.0 9.5 - 18.0
1. Fuel consumption 0.80 0.82 0.91
(Litres/hour)
2. Work rate ‘ 8.52 5.95 6.24
(Hour/rai)
3. Fuel consumption 6.82 4,88 5.68

(Litres/rai)
Source : Item 1 from field test
Item 2 from interview
Item 3 from calculation

From Table 28 , the average of gasoline fuel
consumption in the Central region was 5.79 litres per rai.

As the same reason in Table 25, it was found
that in Table 28 the fuel consumption ( in term of litres
ber rai ) was inversely proportional to the horsepower of
gasoline water pumps.

In crop year 1988/89, in case of the whole
diesel engines in the Central region utilized for water
pumps by all of farmers household. As a result, the
"quantity of diesel fuel using in pumping irrigation for
second crop cultivation would be calculated by

- Planted are;s = 3,136,422 rais

- Diesel fuel consumption = 8.41 litres/rai
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Total diesel fuel used = 26,377,309 litres

In case of the whole gasoline engines 1in
the Central region utilized for water pumps by all of
farmers household, the quantity of gasoline fuel in pumping
ifrigation for second rice crop cultivation, crop year

1988/89 would be calculated by

~ Planted areas 3,136,422 rais

- Gasoline fuel consumption 5.79 1litres/rai

Total gasoline fuel used 18,159,883 litres

As farmers in the Central region was the
owner of water pumps : diesel engine 80.6 per cent and
gasoline engine 19.42 per cent. The average of second rice
crop planted area in crop year 1988/89 was 16.61 rai per
household. Therefore the diesel fuel was 21,254,828 litres
and gasoline fuel was 3,526,654 litres if farmers used the
both types of water pumps.

Quantity of both fuel for pumping irrigation in
the Central region was shown in Figure 4.

The relation of fuel quantity in pumping
irrigation for secohd rice crop cultivation in both regions
was shown in Figure 3 and Figure 4. The quantity of diesel
was inversely proportional to gasoline. At point C of
Figure 3, the demand of diesel and gasoline fuel in the
North region was 2,862,164 litres and 1,040,304 litres
respectively. At point G'of Figure 4, the demand of diesel
and gasoline fuel in the Central region was 21,254,828 litres

and 3,526,654 litres respectively.
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. 6
Gasoline (x10 litres)

-
i
i
\
1

: e
Diesel (x10 litres)
Figure 3 Quantity of diesel and gasoline in pumping

jrrigation for second rice crop cultivation
in the North region, crop year 1988/89.

‘Gasoline (xl& litres)

204

—1
T

10 20 E 30 6
Diesel (x10 litres)

Figure 4 Quantity of diesel and gasoline in pumping

irrigation for second rice crop cultivation

in the Central region, crop year 1988/89.



68

5. Cost of energy in Pumping Irrigation for Rice

Cultivation in the North and Central Regions.

5.1 Cost of energy in Pumping Irrigation for Rice
cultivation in the North Region.

According to 4.1, all farmers in the North
region used diesel fuei for diesel engine 5,151,592 litres
equivalent. The average of diesel fuel price in crop year
1988/89 was 6.70 baht per litre, therefore the total cost
of diesel fuel was 34,515,665 baht or 40.40 bahts per rai.

In case of all farmers in the Norph region used .
gasoline fuel for gasoline engine 2,340,856 litres
equivalent. The average of gasoline fuel price in crop year
1988/89 was 8.80 baht. per litre, therefore the total cost
of gésoline fuel was 20,599,533 baht or 24.11 baht per rai .

In case of all farmers in the North region used
diesel and gasoline engines at the existing proportion 55.6

44 .4 per.cent, the demand of diesel and gasoline fuel was
2,862,164 litres and 1,040,364 litres respectively. The
total cost of diesel " and gasoline fuel in pumping
irrigation for secénd rice crop cultivation in crop year
1988/89 was 19,176,496 baht and 9,154,675 baht
respectively. The total cost of both fuel was 28,331,171
baht or 33.16 baht per rai.

Cost of both fuel for pumping irrigation in the

North region was shown in Figure 5.
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5.2 Cost of energy in Pumping Irrigation for Rice
cultivation in the Central Region.

According to 4.2, all farmers in the Central
region used diesel fuel for diesel engine 26,377,309 litres
equivalent. The average of diesel fuel price in crop year
1988/89 was 6.40 baht per litre, therefore the total cost
of diesel fuel was 168,814,778 baht or 53.82 baht per rai.

In case of all farmers in the Central region
used gasoline fuel for gasoline engine 18,159,884 litres.
equivalent. The average of gasoline fuel price in crop year
1988/89 was 8.9 baht per litre, therefore the total cost of
gasoline fuel was 161,622,962 baht or 51.53 baht per rai . =

In case of all farmers in the Central used
diesel and gasoline engines at the existing proportion 80.6:
19.4 per cent , the demand of diesel and gasoline fuel was
21,254,828 litres and 3,526,654 litres respectively. The
total cost of diesel and gasoline fuel in pumping irrigation
for second rice crop cultivation in crop year 1988/89 was
136,030,902 baht and 31,387,223 baht respectively. The
total cost of both fuel was 167,418,125 baht or 53.38 baht
per rai.

Cost of both fuel for pumping irrigation in the
Central region was shown in Figure 6.

As the mentioned before in in Figure 3 and
Figure 4, it was found that in Figure 5 and Figure 6 cost of
diesel fuel was inversely proportional to gasoline fuel as

well.
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Figure 5 Cost of diesel and gasoline in pumping irrigation

for second rice crop cultivation in the North
region, crop year 1988/89.
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Figure 6 Cost of diesel and gasoline in pumping irrigation
for second rice crop cultivation in the Central

region, crop year 1988/89.
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From Table 24, cost of electricity for pumping
birrigation of NEA in the North and Central regions was
154.10 and 144.10 baht per rai respectively. It could
noticed that the cost of electricity charged from the
farmers were higher than the cost of diesel or gasoline
fuel in both regions. The higher cost may be because of NEA
pumping scheme covers larger area which tend to have more
loss of the water, the total head is higher as about 10 to
25 meters when comparing with the total head of farmers’

water pumps is only about 1.0 meter.

6. Discussion

In the North and Central regions, the water lifting
devices were used for second rice crop cutivation because of
the height of water resources from the fields. Most of them
were the water pumps : propeller or axial flow pumps ( To -
Paya - Nak ) and diesel engines. In studied area, two
wheeled tractors were multiple purpose engines. They were
combined with the popeller pumps and other equipments. The
majority of farmers in both regions bought water pumps for
their own activities and the minority for hiring. The
popular water pumps were 6 to 18 horsepower for diesel
engines and 2.5 to 5.5 horsepower for gasoline engines.
Although, the price of diesel water pumps was higher than
gasoline water pumps, most of the farmers prefered to used
according to the available diesel engines. Moreover, the
gasoline water pumps were mostly use& in‘;he field because

of its low price and easily maintenance. Its light weight
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and.being easy to transfer Qas the advantages as well.

The duration time for using water pumps, diesel and
gasoline engines, was only 4 to 6 months per year
respectively. It should be used all through the years for
second rice crop cultivation and other farming activities as
well.

In both regions, it was found that the quantity and
‘cost of fuel in pumping irrigation for second rice crop
cultivation was small. It was only 2.74 to 8.41 litres per
rai or 53.38 baht per rai. Thué, the water pump and fuel
should‘bé used for pumping irrigation economically.
Howevér, other energy should be in consideration for

substitute of fuel especially electricity.



CHAPTER V

CONCLUSION AND RECOMMENDATIONS

1. Conclusion
1.1 The Water Lifting Devices Application for Rice
Cultivation in the North and Central Regions.
1.1.1 Ownership
Most of the farmers in both regions used
water pumps as the water lifting devices in Pumping
Irrigation for second rice crop cultivation, approximately
60 per cent of households was the owners and belonging for
one set.
1.1.2 Type and size
About 70 per cent of water pumps in both
regions were propeller pump or axial flow pump and the size
was 2.5 to 18.0 horsepower.engine. For 50 per cent ofdiesel
engines were about 6.0 to 9.0 horsepower engine and about
2.5 to 5.5 horsepower for 50 per cent of gasoline engines.
1.1.3 Power driven
In the North region, the engines were
the power driven ‘6f water pumps. Both diesel and gasoliné
engines was avialable. In the Central region, power tiller,
diesel engines were about 70 per cent.
1.1.4 Energy source
The diesel fuel was used for water pump
in the North region about 85 per cent and 80 per cent in
the Central region. |

1.2 Energy demand in pumping irrigation for rice
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cultivation in the North and Central Regions.

Because the farmers in both regions used
the fuel, diesel and gasoline , as the energy source in
pumbing irrigation for second rice crop cultivation. The
conclusions of energy demand for this activity

1.2.1 The North Region

In second rice crop cultivation crop
_year 1988/89, in case of every households used diesel
engine, the demand of diesel fuel in the North region was
5,151,592 litres or 6.03 litres per rai, at the amount of
34,515,665 baht or 40.40 baht per rai.

In case of every households used
gasoline engine, the demand of gasoline fuel in the North
region was 2,340,856 litres or 2.74 litres per rai, ‘at the
amount of 20,599,533 baht or 24.11 baht per rai.

~In case of every households used diesel
and'gasoline engines at the existing proporfion, the demand
of diesel and gasoline fuel was 2,862,164 litres and
1,040,304 litres respectively. The total cost of both fuel
was 28,331,171 baht or 33.16 baht per rai.
1.2.2 The Central Region

In second rice crop cultivation crop
year 1988/89, in case of every households used diesel
engines, the demand of diesel fuel in the Central region was
26,377,309 litres or 8.41 litres per rai, at the amount of
168,814,778 baht or 53.82 baht per rai.

In case of every households used

gasoline engines, the demand of gasoline fuel in the
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Central region was 18,159,883 litres or 5.29 litres per rai,
at the amount of 161,622,962 baht or 51.53 baht per rai.
In case of every households used diesel
and gasoline engines at the existing proportion, the demand
of diesel and gasoline fuel was 21,254,828 litres and
3,526,654 litres respectively. The total cost of both fuel

was 167,418,125 baht or 53.38 baht per rai.

2. Recommendations

As time and budget was limited therefore the
result frém this study provided only the general points of
view of energy use in pumping jrrigation for second rice crop
cultivation in the North and Central in crop year 1988/89.

The recommendations of this study were as follows

1. The recommendations for the farmers :

1.1 Choose the water pump size which
appropriate to the farm size.

1.2 Operation and maintenance of the water
pumps should be done correctly.

1.3 Field should be proberly maintained and
levelled in optimum slope.

1.4 The. water pumps should be used
economically by using them as multiple purpose tasks or
increasing pumping hours in year round.

1.5 Another alternative energy source such as
solar ceil, wind etc. should be concerned for pumping
irrigation.

2. The recommendations for the further study
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2.1 The energy consumption and cost of using
water‘pumps should be compared between the farmers who use
the whole set of water pumps and the farmers who use their
pumps with two wheeled tractors.

2.2 The study should be only one region or
province in order to intensify energy demand of pumping
irrigation activif&. \

2.3 The study should be‘carried out to
evaluate pumping irrigation projects which are responsible
by the government agéncies. |

3. The recommendations for government agency :

The government agency which is responsible in
irrigation water management or development oﬁ energy for
agricultﬁre should carry out these items : . -

. 3.1 To support the research on water lifting
dévices especially water pumps in order to find out suitable
water pumps and ;pproprfate energy source for pumping
irrigatidn in each region.

3.2 To promote the popular developed energy
such as electricity for pumping irrigation'of small scale,

medium scale and large scale pumping irrigation systems..
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Table 2A Second rice crop planted areas of the North and
and Central regions by agro - economic zone and

province, crop year 1987/88.

- . e G D W e - ———— - G S - W W EP G e e s e AP R S S G TR NS S e i S G M W W T e e e

Region/Agro - Economic Zone/Province Planted area(rais)

TNerth 180,605

Zone 6 . 110,502
Nakhon Sawan ' 104,957
Phetchabun » 1,150
Uthai Thani : 4,395

Zone 8 262,501
Kamphaeng Phet = 45,244
Tak 9,650
Phichit 70,401
Phitsanulok 137,206

Zone 9 | 39,625
Nan 9,580
Pharae 780
Lampang 2,932
Sukothai 12,808
Uttaradit 13,525

Zone 10 67,977
Chiang Mai 32,636
Chiang Rai 27,530
Mae Hong Son 140
Lumphun 5,800
Payao 1,871

Taverage(by Provinee) 28,271



Table 2A (Continued.....)

Central
Zone T
Lop Buri
Saraburi
Zone 11.
Chai Nat
Nahon Nayok
Nakhon Phathom
Nonthaburi
Pathumtani
Ayutthaya
Sing-Buri
Suphan Buri
Ang Thong
Bangkok Métropolis
Zone 12
Kanchanaburi
Prachaup Khiri Khan
Phetchaburi
éone 13
Chachoengéao
Prachin Buri
Zone 14
Samut Prakan

Samut Sakhon

84

- — - — - T — D . o et

2,840,700
59,934
26,500
33,434

2,209,251

256,997
15,664
364,254
1%2,370
329,678
199,584
151,803
584,718
'82,337
51,846
113,019
69,489
2,315
13,600
27,615
296,730
8,059
136,891
93,647

43,244
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Table 2A (Continued.....)

o A FE™ . = D G . D D D T - — G S G M M W T M G S WS W e S M AR M S S M W D ST e o e e

Region/Agro - Economic Zone/ProQince Planted area(rais)
Samut Songkhram -
Zone 15° 16,816
Chon Buri v4,960
Rayong : 11,856
Zone 16 _ -
Chanthaburi -
Trat -
average by Proviee M-S 113,628

Source : Center for Agricultural Statistics, 1987/88.
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Table 3A Number of the water pumps of the North and Central regions

by agro-economic zone and province, crop year 1978 and 1985.

- - —

|Region/Agro-Economic Zone/Province ; 1978 v 1985 1% increment |
= o e e R R !
iNorth ' g ' i
!Zone 6 '} 20,312 | 46,090 126.91 |
! Nakhon Sawan ! 10,576 | 20,314 ; 92.08 |
! Phetchabun ! 6,746 | 20,122 198.28 !
}  Uthai Thani ' 2,990} 5,654 ) 89.10 !
iZone 8 ! 21,873 | 46,928 | 114.55 |
i Kamphaeng Phet ! 6,424 } 9,186 | 43.00 |
\ Tak ] 348 | 686 | 97.13 |
y Phichit i\ 6,743 |} 16,841 | 149.76 |
! phitsanulok ! 8,358 ; 19,915 138.27 |
1Zomne 9 | 17,698 } 36,135 | 104.18 |
! Nan ; 1,429 | 2,859 100.07 |
i - Pharae : 2,214 |} 5,085 } 129.67 |
! Lampang - ! 2,006 } 4,493 | 123.98 |
i Sukothai : 7,282 | 14,286 | 96.18 |
i Utlaradit ! 4,767 |} 9,412 | 97.44 |
iZone 10 1 14,842 } 35,171 | 136.97 |
! Chiang Mai 4 6,852 | 14,086 105.57 |
i Chiang Rai . 1,640 ; 6,035 | 268.00 |
i Mae Hong Son H 12 82 | 583.33 |
{  Lamphun : 5,280 ; 12,473 136.23 |
i Payao : 1,058 | 2,495 } 135.82
- -- --- {ommmmmennl ! -1
! Average (by province) ! 4,396 | 9,666 ; 119.88 |




Table 3A (continued......)

Region/Agro-Economic Zone/Province |, 1978

87

! 1985 1% increment
-—-- - o j o= R
Central : g g
Zone 7 V' 10,970 | 18,764 , 71.05
Lop Buri H 6,356 ; 10,948 | 72.27
Saraburi ) 4,615 | 7,816 | 69.36
Zone 11 ! 87,653 | 174,537 | 99.12
Chai Nat ; 7,818 | 13,496 | 72.63
Nakhon Nayok T 4,082 ) £,927 45,20
Nakhon Phathom ' 10,756 } 33,991 | 216.02
Nonthaburi : 4,368 | 14,247 | 226.17
Pathumtani ! 11,189 } 15,648 | 39.85
Ayutthaya {11,027 | 15,306 | 38.80
Sing Buri i 2,680 ; 7,518 | 180.52
Suphan Byri i 19,183 | 36,998 ; 92.87
Ang Thong \ 6,182 } 11,874 ; 92.07
Bangkok Metropolis ! 10,368 { 19,532 | 88.39
Zone 12 ! 21,853 } 48,722 | 122.95
Kanchanaburi 1 6,319 } 11,592 | 83.45
Prachuap Khiri Khan H 1,030 ; 2,925 | 183.98
Phetchaburi 7 6,199 | 14,627 | 135.96
Ratchaburi i 8,305 19,578 | 135.74
Zone 13 ' 12,189 | 29,970 | 145.88
Chachoengsac ! 7,528 | 21,044 ) 179.54
Prachin Buri ! 4,661 } 8,926 | 91.50
Zone 14 1 7,920 ; 16,068 ) 102.88
Samut Prakan ! 2,870} 6,419 } 123.66
Samut Sakhon V4,358 \ 8,446 | 93.80
Samut Songkhram : 692 | 1,203 | 73.84
Zone 15 ! 7,674 | 19,600 | 155.41
Chon Buri ' 2,992, 6,594 | 120.39
Rayong ' 4,682 } 13,006 ; 177.79
Zone 16 i 10,981 | 20,334 | 85.17
Chanthaburi H 8,971 } 17,025 | 89.78
Trat | 2,010 | 3,309 | 64.63
: d d -
Average (by province) i\ 6,370 } 13,120 | 105.96
Source : Center for Agricultural Statistics, 1986.
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Figure 1A water lifting device by man-power. _
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Figure 2A Water lifting device by animal-power.
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Figure 3A Water lifting device by wind-power.
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Figure 5A NEA’s Electrical Pumping Project

(Centrifugal Pump).
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Figure 6A NEA’s Electrical Pumping Project

(Axial Flow Pump).
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Fuel consumption testing in pumping irrigation for rice cultivation.

Figure 7A



APPENDIX B
QUESTIONNAIRE
AND

RECORD SHEET FOR FIELD TEST




- 97

Questionnaire of Pumping Irrigation

for Second Rice Crop Cultivation : Crop Year 1988/1989

Date..ceesocsessee COdervrensnnnvenoncnns
TiMe.sovsessvssonses TOe ot sesoassssns
Recorder.. .ccooseesnssosssssssssrssccconsas
Farmer’s NAMEe....veoorosssocscsscssnsssoscs
Address Village..coorescesnseses Tambon...oooeeeiocecnnnnss
| AMPhUr..cesaesesecsesses Changwat..ocoveiceneenss
Agro-Econonmic Zone......
A. Background
1. How long have you experienced in second rice crop
cultivation?.....Years~
2. Have you cultivated secbnd rice crop continuously for
last three years ?
( ) Yes X ( ) No (stop interviewing)
3. Will you cultivate second rice crop in the next year?
( ) Yes ( ) No (stop inter?iewing)
4, Were your paddy rice field used as demonstrgtion plot
of the government sector last crop year ?
¢ ) Yes ( ) No
5. How many plots of second rice crop planted area have

you?
e * 0 -Plots.

«sse.Tais.



Plot Area Area in crop year 1988/89(rais) Water Remark

no.

(rai) ---=—=-==--=—c———e——————m———m— Resource

6. No.of testing plot........ Grain Production.......kg.
7. Planting Time : Date - month....ceciesecccessvecsns
8. Harvesting Time : Date - month.....cccevevecuvencanen
9. Planting method

( ) Broadcasting | ( ) Mechanical planting

( ) Transplanting ( ) Drilling

( ) Others (specify).ecsecccececcnen
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B. Details of planted Areas
1. Plots of second rice crop cultivation in crop
year 1988/89 = ,.....plots. Total areas.......rais.
Plot Area Planted area (rai) Farm Holding Location
(rai) -—-—-mrreemm——— e - (km.)

No. 1986 1987 1988 1989 1990

1.

2.

3.

—

Farm Holding : S

(PR —————— i T T e el e el Ll L BT e

Self, R = Rent, P = Public, F = Forest,

0 Others (not pay rent

2. Data from plot no... Areas........ rais.

Grain production.........kg.
PurChasing price.........baht/kg.
3. Planting me£hod
() Broadcasting ( ) Mechanical planting
( ) Transplanting ( ) Drilling
( ) Others (specify).eeseesceoccccnss
Water resource
1. Soupce of water supply
( ) Rainfall
( ) Gravity irrigation (dam or weir)
( ) River, canal, pond etc.
( ) Others (specify).iccecssssccccnce

2. Is water supply enough for planting in crop year

1988/89 ?



3.

4.

{( ) Yes ( ) No, during month...

Planting time . Date - month.....-........

Harvesting time : Date - month............

D. ‘Farm machinery and equipment

100

e s 06 00 ¢ »

1. Have you any own farm machineries or equipments?
( ) Yes ( ) No (pass to question E)
2. Have you any own the water pump?
( ) Yes ( ) No (pass to question E)
2.1 The water pump : Centrifugal pump... units.
Propeller pump .... units.
Electric moter .... units.
Others (spcify)eceeereecns
2.2 Details of the water pump
Type |Brand|Diameter Fuel Price|Used time |[Combine{Hire|Repairation
Fuel in |(before buy| with |Not |in 1988
Color| Length jConsumption|year |Using Time hire
per year
Machinel
Pumpil...
Machine2
PumpZ2. ..
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E. Water supply and water drainage

1. Have you supply and drain the water in/out the paddy

field?
( ) No
( ) Yes ..... times.,

By ( ) the water pump (answer question 2)

( ) man - power (answer question 3)

2. Py the water pump

Time| BPrand |Diameter|Fuel{own|Hire|Time using |Rate of{Expenditure|Remark
Model/HP|Length Wage Fuel pumping] (baht)
' Consumpt ion| (EHr/R)




3.
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By man - power

Human Hire Working time Rate of Expenditure Remark

labour Wage working {baht)

@ - . S A — . o T — S W - ——— A A e G AR MR e O S e b e M S e e e e e s

Notice

o e 0 0 0 00

s 6 0 0 5

»
.

Did you buy fuel in crop year 1988/89 ?
( ) No (stop interviewing)
( ) Yes (pass to question 2)
Details of fuel
2.1 Distance from your house ...... kg.
2.2 Type ( ) Diesel ( ) Gasoline
( ) Kerosene ( ) Others (specify).......

2.3 Price ......... baht/litre
2.4 Quantity ...... litres/time
2.5 Transportation by

( ) Walking ( ) Bus

( ) Bicycle ( ) Farm tractor

( ) Motorcycle ( ) Others (specify).

o 6 6 6 6 5 6 0 8 606 6 8 60 6 5 65 0 6 5 2 5 6 6 8 G 5 S S Ss L0000
6 5 6 6 6 6 6 5 6 5 6 6 6 6 6 6 6 0 5 6 5 0 5 0 05 0 5 900 00t .
o 5 5 6 6 6 6 6 6 66 0 5 6 6 6 6 0 6 6 5 0 5 0 08 00 s Esssse0 0 s o 8 0 00

o.ooooooo-..oo.o.0...0...-0ot-00.00.;00.00&0000.00.0
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Record Sheet for Field Test of the Water Pump Application

for Secord Rice Crop Cultivation : Crop Year 1988/89

Date ® ® 5 0 5 5 T 5 8 0 5 5 5 2 0 S 0 b b Code ® & & 5 & & 6 8 8 5 s 0 s 0 0
Time......“...OO..'O..... .TOODOOO.'.OCOOO....

InterViewero ® 5 5 5 6 5 6 6 5 5 0 0 5 6 P 0 00BN e 6 6 5 & % 0 & 8 0

A. Background

1. Have you cultivated second rice crop continuously for

last three years?
( ) Yes ( ) No (Stop interviewing)
Will your cultivate second rice crop in the next year?
( ) Yes ( ) No (Stop interviewing)
Were your paddy rice field used as demonsﬁration plot of
government sector last c?op year?
( ) Yes (Stop intefviewing) ( ) No
Did iou recieve;any free input materials for second rice

crop cultivation last crop year?

( ) Yes (Stop interviewing) ( ) No
Farmer’s NAME...sssossosssosse Sex.....#.; Age....years.
Education......... Relationship to head of Household....
Address : Home No...... Village...cocoes Tambon..;......

Amphur....... Changwat........

There are.....people in your household.
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no. sex Age (years) Relationship to Education Labour

:Ig—_I;:ga-—;ga- head of houshold (Ygi

No)
1
2
3
4
5
6

B. Details of the Water Pump

1. Type of pump
( ) Impeller pump ( ) Centrifugal pump
( ) Electric motor ( ) Others (specify)..ceevcescs
2. Type ofxfuel
( ) Diesel ( ) Gasoline
( ) Electricity ( ) Others (specify)eeeceesees
3. Size of machine...Hp(at....rpm.) Brand...... Color...
Size of pump : Diameter... inches Lenght.....metres.
4. Price of machine......¢s.....baht. Year...cceeceecee
Price of pump.;..............baht. Year.cocosooosscns
5. Status of water pump ( ) New ( ) Old.....years.
6. Seller ( ) Dealer. ( ) Farmer
( ) Agricuitural Cooperative;
( ) Bank of Agriculture and Agricultural
Cooperative.

( ) Others (specify)..ociircrcencecacnns
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7. The water pump : Include with equipment or not

( ) Not include ( ) Include.....items.
locevoososeennnons
2i ettt snensons

8. In case of the water pump is old : You paid the
repair cost.......baht.

9. The water pump application @
( ) Not hire ( ) Hire
10. Working hour.....hours/day
Fuel consumption.....litres/hour
11. Repairation : By ( ) Controller or driver
( ) Owner

( ) Others (specify)..............

Expendlture(baht)
Item Month/time Units/time ----=<—=—-—=-—-—--c=--===-=
Cost Wage Total
Lubricating
oil
Gear oil
Others

(specify)...

—-———————————————_——._———---.-_—_._—_———————————-—————_—-_——_——.—

Units : litre, can, kilogréme, gallon.

C. Testing Data
1. This testing activity is
( ) While the farmer is working in the field

( ) This testing activity is supposed by researcher

only



a’
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2, Climate and geography while testing

( ) No rainfall ( ) Little rainfall

( ) Medium rainfall ( ) Heavy rainfall

- fﬁ(l ) Sunshine ( ) No sunshine
( ) Plain ( ) Hilly
( ) Lowland ( ) Upland
( ) Slope ( ) Swamp

( ) Others (specify)ececoceccns

3. Soil texture.

( ) Clay ( ) silt
( ) Sand ( ) Loam
( ) Dry soil ( ) Wet soil

( ) Others (specify)ecevescccanses

4, Size of testing plot..........rais.

5. Recording

Testing no.

(metre) (minute) Litre Litre/hour

— o ————— — o =S = e

Notice ! seascoe

s e s e s s 0 0 8 0 000200

.ooao.oo.o.o'toooooool..'.ooto..o.l.o.ot.otoo

obooon-noo..Q’.o..'..!ooo-lolo‘oboouuotot.o'o

.ooooooo.uoo.ooooooo‘oco



