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No Date / Time Pwe Lone Kyaw M\dung (m Baung
1 |7, 8ep 10:00 + R - phase : 1[Al(Consumption of about 220 VA) - R - phase : No connection
+ 8 - phase : 2[A](Consumption of about 440VA) + §- phase : No connection
+ T - phase : 0[A](Not Used ) + T - phase : Unreadable
Both RST - phase are connected to outlet of distribution | Only T - phase is connected to the outlet of the distribution
board board. Although T - phase can not aceurately read the

meter, it seems that a value close to 5 [Al is used. About
10 batteries are brought in the cabin.

From 8,Sep 20:00 To 13,5ep 8:35, Power generation stopped due to water stop

2 | 14,8ep 11:00 * R - phase : 0[A](Not Used ) + R - phase : No connection
+ S - phase : 1[Al(Consumption of about 220 VA) + 5 - phase : No connection
+ T - phase : 4[Al(Consumption of about 880 VA) + T - phase : Unreadable
Both RST - phase are connected to outlet of distribution | Only T - phase is connected to the outlet of the distribution
board board. Although T - phase can not accurately read the |

meter, it seems that a value close to 2 [A] is used. About 3 |
batteries are brought in the cabin.

3 | 16,sep 11:00 + R - phase : No connection The situation remains the same as 9/14.
+ 8 - phase : 0[A](Not Used )

+ T~ phase : 3[A] (Consumption of about 660VA)

R - phase is disconnected to outlet of distribution board

4 | 17,5ep 13:00 * R - phase : 2[A] (Consumption of about 440VA) The situation is the same as yesterday, but the number of
+ 8- phase : 1[A] (Consumption of about 220VA) batteries are increased, and T - phase seems to be used
- T - phase : 0[A](Not Used ) about 5 [A]
Both RST - phase are connected to outlet of distribution
board

5 | 18,sep 15:00 + R - phase : 1[A] (Consumption of about 220VA) The situation is the same as yesterday

+ 8 - phase : 1[A] (Consumption of about 220VA)

+ T~ phase : 1[A] (Consumption of about 220VA)

Both RST - phase are connected to outlet of distribution
board
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Generator Operating Procedure 20175 Hokurikuselki co. Ltd

ma\ “ 1) KEHEME EFBEIC ll‘ ‘ 1)Bsfore starting up the Water Turbine,
) @ 2207L—hN"OFF" DELEIZH D, | please confirm the following two points.

@ KEAEEELTULVELY, _ b ﬁ J 5 Two Breakers must be at “OFF " position
CO2RERBLTIESL. g B uibim mumsnesbw i
KEAEEELTWDIEEIEZKE~D When the turbine is revolving, stop water supply to it
KD EIEZELIEH TSN, 2) Start-up of Generator
2)REHOILSE LIS e #f; Set BraakerMCCB1 at “ON” position
@ FL—HMCCB1E"ON"IZLFET, [ run | (2 When water is supplied to the Turbine,

@ IKRBITKEBATHEHBLET .
@) AN —ARINVIORUNSF—ZEIRLET,
@ 7L —HhMCCB3E"ON"IZLET .

power generation starts
(3 Press "Run "key of InverterINV1

@ Set BreakerMGGB3 at "ON” position.

GEERMR) (power supply starts)
3)KEOFELE 3) Shut-down of Turbine
[T 7L —AhAMCCB3ZE"OFF"IZLET . ' Sot BreakerMGGB3 at "OFF "position.
GEEEL) (powar supply stops)
@ A2 —BINVIDSTOPF—EBLET, @ Press “Stop “key of InverterNV 1
@ KE~ADOKOEBEIEDHET . (3 Stop water supply to the Turbine.
@ JL—HhMCCB1E"OFF"IZLET . @ Set BreskerMCGB1 at "OFF” pasition.
| mccea | ‘ MCCB3 ‘ v S E— - Bloabor

4) REFLLTVDES

@D KE~DKOBIEEIEDES,

2 220TL—hE"OFF"DMBIZLET .

3 "2) RBROIL LT BEETVET.

5) A= ECIUREHANETLEBE
D "3) KE DL RAEEITL. T3EBRELET .
@ "2) FEWOIL LI BIEETLES,

4) In case of Abnormal Stopping

) Stop water supply to the Turbine.

1 Set two Breakers at "OFF” position

i3 Follow "2)procedure "to start up Generatar

5) In case of Power Out-put decline due to clogging with waste/garbage
{1} Follow “3)procedure” | then remove waste/garbage

BLE

@ Follew "2)pracedure ” ta start up Generator.

B 3-2-5 Ev=a217/L (R#)
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Irrigation System in Mandalay

Kinder East Irrigation System
Typical Non-electrified Villages and Secondary
Irrigation Canals of the East Kinder Irrigation System
Canal  Name of Village

Code:  Profile

DY-25 Pyaw Village
Household: Approx. 300
Population: Approx. 1,500
Nos. of Drop: 6

DY-23 Mynwoen Village
Household : Approx. 1,500
Population: Approx. 6,000
Mos. of Drop: 8

DY-21 Tantwein Village
Household: Approx. 250

DY-3C

Population: Approx. 1,000
Nos. of Drop: 7

Total
Household: Approx. 2,050
Population: Approx. 8,500
MNos. of Drop: 21

UNDER MITTA DIVISION

X 3-3-1 BHHESFEFMFAESHRER

36



DY-21

cuo‘Sd)[JSI L I

GE,Q,,;@: } 2ogeo GO
sqgeoBbiaf: b gg-o [ogeect
BoSaqeondiom ) sopo em

DY-25

X 3-83-2 *1FIRHERES R T L DOBEFEH R

Fio, FUX B AT LOK UOKEOEZET O, ANEZE, KEZEDOT —X|ZoN
TIZIWUMD X v X XRBPAHBEL Wb DEATF L, F-3-3-112, ZTNHDOT —X DHNL %
A RY T IAENS A— FWEIZEW L= D ERT,

37



Data of IWUMD Mytta Office
Along East Kinder Irrigation Channel

331 FUOA—HEBRRAKKET

Distance

Secondary Distance | Height . Height Distance
Channel D\‘f clharge Area E’)\"'Op from Water| (Base= | Breadth D\'/S clharge Area Vf\ll'otm (Base= | Breadth N\%Ine of ng;e- P(ipula- from
Code No. olume o Intake 5.0) olume ater 1.5) llage © ion Drops

Intake
Q/secincuf| acre ft ft ft ij:] n hectare m m m HH psn. km

1 490 8.0 5.0 147] 240 1.50}
2 920 8.0} 5.0) 276 240 1.50]

DY-18 625 4,403 3 3,320 8.2 5.0 23 1779 996 2.46 1.50}
4 9,510 8.1 5.0} 2,853 2.43 1.50]
1 730] 7.9 5.0 219 2.37] 1.50}
2 10,430 7.9 5.0} 3,129 2.37] 1.50]

pY-19 N R S 11,170 79 50 20 1,555 ] T I
4 18,370 7.9 2.5 5511 2.37] 0.75}
1 1,065 8.5] 6.0} 320 2.55] 1.80]
2 1,760 7.5] 6.0} 528| 2.25] 1.80)
3 2,750, 7.5] 6.0} 825 2.25] 1.80)

DY-20A 725 17,935 4 4,030 7.5] 6.0} 27 7,246 1,209 2.25] 1.80)
5 6,670 71 6.0} 2,001 2.13 1.80}
6 9,130 71 5.0] 2,739 2.13] 1.50]
7 13,920 7.2 3.0} 4,176 2.16 0.90}
1 2,070 6.9 4.0] 621 2.07] 1.20[ Tantwein 250 1,000 1.5]
2 2,400, 6.9] 4.0 720 2.07] 1.20)
3 3,420, 6.9] 4.0 1,026 2.07] 1.20]

DY-21 M3 18,660 4 3,860, 6.9] 4.0 15 7,539 1,158 2.07 1.20]
5 6,500 6.9] 4.0 1,950 2.07 1.20]
6 7,560 6.9 4.0 2,268| 2.07 1.20}
7 11,220 6.6} 3.0} 3,366 1.98] 0.90}
1 610] 71 2.5 183] 2.13 0.75)
2 1,230 71 2.5 369 2.13 0.75}
3 1,610 71 2.5 483] 2.13 0.75)
4 2,050 71 2.5 615 2.13 0.75}

DY-22 28 585 5 2,410] 71 2.5 1 2,363 723 2.13 0.75)
6 2,710 71 2.5 813] 2.13] 0.75}
7 4,370 71 2.5 1,311 2.13 0.75)
8 4,950 71 2.5 1,485 2.13] 0.75}
1 740 6.3] 2.0} 222 1.89] 0.60[Mynwon 1,500 6,000} 2.0
2 1,120 6.3 2.0 336 1.89] 0.60]
3 1,500 6.3 2.0 450 1.89 0.60]
4 2,020 6.3 2.0} 606 1.89) 0.60}

pv-23 163 4,580 5 2,370, 6.3 2.0} 06 1850 711 1.89) 0.60}
6 3,140, 6.3 2.0} 942 1.89] 0.60}
7 3,620 6.3 2.0} 1,086 1.89 0.60}
8 3,980, 6.3 2.0} 1,194 1.89] 0.60}
1 360 7.3] 3.0} 108 219 0.90[Pyaw 300 1,500 1.6
2 700 6.3 3.0 210] 1.89 0.90
3 870 7.3 3.0 261 2.19 0.90

DY-25 25.0 11,580 7 7160 73 30 0.9 4,678 348 219 0.90
5 4,000 7.0} 2.5 1,200 2.10] 0.75}
6 5,450 7.0} 2.5 1,635 2.10] 0.75}

Total 66,856 44 27,010

Non-electrified Village Total 34,820[ 21 14,067 2,050 8,500
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MONTHLY _REPORT

Village name : PWE LONE KYAW
In Charge name : Ko Myo Swe Oo
Operator : U Tun Myanig
Month 1 Aug ' 2017
No. Date Charging |Rental Revenu Duration Quantity |Quantity [Charging |Expends [Remarks
Fees Fee Amount From To Battery  |Rental Times
112.08.17 600 3
2|3.08.17 1,400 7
3(4.08.17 600 3
415.08.17 2,400 5,000 5.08.17  5.09.17 12 1
5|6.08.17 2,500 12 one is big for Ks.300
6|7.08.17 1,000 10,000 7.08.17  8.08.17 4 2 one is big for Ks.300
718.08.17 1,500 7 one is big for Ks.300
8|9.08.17 1,600 8
9|10.08.17 5,000 10.08.17 10.09.17 1
10]14.08.17 600 10,000 14.08.17 14.09.17 3 2
11(16.08.17 900 4 one is big for Ks.300
12|18.08.17 5,000 18.08.17 18.09.17 1
13|19.08.17 800 4
14/20.08.17 600 5,000 20.08.17 20.09.17 3 1
15|26.08.17 5,000 26.08.17 26.09.17 1
16|30.08.17 5,000 30.08.17 30.09.17 1
Total = 14,500 50,000 64,500 70 10 0 64,500
Kyats
[uss T 1340 10.82] 3731  48.13] [ [ [ [ [ 0.00] [ 4813
MONTHLY REPORT
Village name : PWE LONE KYAW
In Charge name : Ko Myo Swe Oo
Operator : U Tun Myanig
Month :Sep '2017
No. Date Charging [Rental Total Duration Quantity [Quantity |Charging |Total Expends [Remarks Balance
Fees Fee Amount From To Battery  |Rental Times Amout
111.09.17 10,000 1.09.17  1.10.17 2
2|2.09.17 10,000 2.09.17 21017 2
3|5.09.17 10,000 5.09.17  5.10.17 2
416.09.17 5,000 6.09.17  6.10.17 1
5|7.09.17 10,000 7.09.17  7.10.17 2
6/8.09.17 900 4 one is big for Ks.300
7|10.09.17 6,500
8|13.09.17 800 4
9(14.09.17 800 4
10|15.09.17 5,000 15.09.17 15.10.17 1
11|16.09.17 400 2
12|17.09.17 800 4
13(18.09.17 400 2
14({19.09.17 5,000 19.09.17 19.10.17 1
15(20.09.17 5,000 20.09.17 20.10.17 1
16(25.09.17 600 3
17126.09.17 600 5,000 26.09.17 26.10.17 3 1
18|27.09.17 400 2
19|28.09.17 200 1
Total = 5,900, 65,000 70,900 29 13 6,500 64,400
Kyats
[uss T 1,340] 4.40] 4851 52.91] | | [ | 4.85] [ 48.06|




MONTHLY REPORT

Village name : PWE LONE KYAW
In Charge name : Ko Myo Swe Oo
Operator : U Tun Myanig
Month : Oct '2017
No. Date Charging |Rental Revenue Duration Quantity |Quantity |Charging [Total Expends |Remarks Balance
Fees Fee Amount From To |Battery |Rental Times Charging
111.10.17 5,000 11017 11117 1
2|2.10.17 5,000 21017 21117 1
3|5.10.17 5,000 51017 5.11.17 1
416.10.17 5,000 6.10.17  6.11.17 1 27,500
5(7.10.17 12,000(food for EPC
6/8.10.17 600 15,000 8.10.17  8.11.17 3 3
719.10.17 400 2
8/10.10.17 600 3 1,000]food for Japan team
9|11.10.17 400 2
10|13.10.17 400 2 9,500(food for Japan team
11|14.10.17 400 2
12|15.10.17 3,000(food for Japan team
13|17.10.17 1,000 4 one is big for Ks.300
14|18.10.17 200 1
15|19.10.17 600 3
16|20.10.17 600 3
17121.10.17 600 3
18|22.10.17 30,000 221017 221117 6 18,000]buy sweep
19|23.10.17 800 15,000 23.10.17 23.11.17 4 3
20|24.10.17 24,000 241017 24.11.17 4
21|25.10.17 600 7,500|food for EPC
22)26.10.17 10,000
23|27.10.17 200 1
24130.10.17 200 12,000 30.10.17 30.11.17 2
25|31.10.17 800 18,000 31.10.17  31.11.17 2
Total = 8,400 134,000 142,400 41 16 57| 88,500 53,900
Kyats
[uss 1,340] 6.27] _100.00]  106.27] [ [ [ [ 66.04] [ 4022
¥V U—RY AT
MONTHLY REPORT
Village name : Myaung Gyi Baung
In Charge name : Ko Pho Maung
Operator : U Kan Nyunt
Month :July ' 2017
No. Date Charging |Rental Revenue Duration Quantity |Quantity [Charging |Expends [Remarks Balance
Fees Fee Amount From To Battery  |Rental Times
1114.07.17 1,600 8
2|15.07.17 1,500 7
3(16.07.17 1,400 7
4121.07.17 1,800 9
5(22.07.17 1,400 7
6|23.07.17 2,400 12
7(24.07.17 1,400 7
8|25.07.17 2,100 10
9|26.07.17 2,100 10
10]27.07.17 2,100 10
11(28.07.17 600 3 2,300(buy plug n labour
Total = 18,400 0 18,400 90 2,300 16,100
Kyats
[Uss T 1340 1373 0.00]  13.73] [ 1.72] [ 12.01]




MONTHLY REPORT

Village name : Myaung Gyi Baung
In Charge name : Ko Pho Maung
Operator : U Kan Nyunt
Month 1 Aug ' 2017
No. Date Charging |Rental Revenue Duration Quantity |Quantity [Charging |Expends [Remarks Balance
Fees Fee Amount From To Battery  |Rental Times
112.08.17 800 4
2(3.08.17 1,800 9
3|4.08.17 1,000 5
4(5.08.17 600 3
5(6.08.17 1,800 9
6(7.08.17 800 4
7|8.08.17 1,600 8
8(9.08.17 1,400 7
9(14.08.17 1,400 7
10]15.08.17 1,400 7
11/16.08.17 1,200 6
12|17.08.17 1,800 9
13|18.08.17 1,800 9
14/19.08.17 1,000 5
15|20.08.17 2,000 10
16]21.08.17 600 3
17]26.08.17 2,800 14
18|27.08.17 800 4
19]28.08.17 1,400 7
20(29.08.17 1,200 6
21(30.08.17 1,600 8
Total = 28,800 o[ 28,800 144 0 28,800
Kyats
[Uss T  1,340]  21.49] 0.00]  21.49 [ [ 0.00] [ 2149
MONTHLY REPORT
Village name : Myaung Gyi Baung
In Charge name : Ko Pho Maung
Operator : U Kan Nyunt
Month :Sep' 2017
No. Date Charging |Rental Revenue Duration Quantity |Quantity [Charging |Expends [Remarks Balance
Fees Fee Amount From To Battery  |Rental Times Amount
1]1.09.17 1,400 7
2(2.09.17 1,800 9
3|4.09.17 1,200 6
4(5.09.17 1,000 5
5(6.09.17 1,400 7
6(7.09.17 1,200 6
7|8.09.17 2,000 10
8(13.09.17 2,200 11
9(14.09.17 600 3
10]15.09.17 1,200 6
11/16.09.17 800 4
12|17.09.17 600 3
13|18.09.17 1,400 7
14/19.09.17 1,200 6
15|20.09.17 1,000 5
16]25.09.17 800 4
17]26.09.17 600 3
18]27.09.17 800 4
19]28.09.17 600 3
20(29.09.17 1,000 5
21(30.09.17 800 4
Total = 23,600 o[ 23,600 118 0 23,600
Kyats
[uss T 1,340  17.61] 0.00]  17.61] [ 0.00] [ 1761]




MONTHLY REPORT

Village name : Myaung Gyi Baung
In Charge name : Ko Pho Maung
Operator : U Kan Nyunt
Month : Oct' 2017
No. Date Charging |Rental Revenue Duration Quantity |Quantity [Charging |Expends [Remarks
Fees Fee Amount From To Battery  |Rental Times
111.10.17 1,400 7
2|2.10.17 1,000 5
3|7.10.17 1,000 5
4(8.10.17 1,400 7
5/9.10.17 1,000 5
6/10.10.17 1,000 5
7(11.10.17 800 4
8(12.10.17 800 4
9|13.10.17 1,200 6
10{17.10.17 1,000 5
11(18.10.17 1,000 5
12(19.10.17 1,400 7
13|20.10.17 600 3
14{21.10.17 1,200 6
15(22.10.17 1,200 6
16(23.10.17 1,400 7
17|25.10.17 1,000 5
18]28.10.17 1,600 8
19(29.10.17 1,200 6
20|30.10.17 1,800 9
21131.10.17 2,200 11
Total = 25,200 0of 25,200 126 0 0 25,200
Kyats
[uss T 1,340 18.81] 0.00]  18.81] [ [ [ [ 0.00] [ 1881]
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VILLAGE ELECTRIFICATION
BY
MICRO-HYDRO POWER GENERATION
UNIT INSTALLED
IN
THE IRRIGATION CHANNELS
IN
MYANMAR

KENSETSU GIJYUTSU CENTER LTD.

ISAMU KOIKE
PROJECT ADVISOR

ESTIMATED NOS. OF VILLAGES IN MYANMAR

® Population of Myanmar (2015) : 53.9 million
@ Rural Population of Myanmar : 39.5 million
® Average Population per HH : 5.5 persons
® Number of Households in Total : 6.5 million

® Average Households per Village : 150 HH
® Number of Villages (estimated) : 43,300 villages

® Rate of Electrified Village :17%
® Nos of Non-electrified Villages : 36,000 villages
® Main Means of Electrification : Batteries

® Source of Battery Charging
» Diesel Generator, Solar Panel, Grid Power



ESTIMATED NOS. OF VILLAGES IN MYANMAR

® Area with Irrigation System
Most of the irrigation systems

is situated in the upland

Intensive mixed use agricultural

areas as shown in the map at right hand
side in green color, (Mandalay, Sagaing, 'u,;
Magway, Bago Regions) where almost

22 millions of people reside or 40% of the
total population.

. . AYEYARWADY; “
Thus the potential number of villages EENGON

MO

for electrification by use of micro-hydro
State/regional boundaries

power generation units can be estimated — T 3
[ 2. Tree crop mixed TANINTHARY!| -
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TYPICAL FEATURE OF NON-ELECTRIFIED VILLAGE
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TYPICAL FEATURE OF NON-ELECTRIFIED VILLAGE
® Average Monthly Income per HH  : US$ 110
® Average Borrowed Money per HH : US$ 330

Borrovwing Flborsey Equipmsens Dwned (%]

oG HBEEEA

2724, j-:ff"fﬁfj’
#’
Lighting Bpgarabus I-!D':l'! Usage af Peaar (%)
e / g o " I I
“ e . I I I g I m
. & * &
AT Y

SIGNIFICANT ISSUES TO BE ADDRESSED

® For recharging of batteries the battery owners are
required to bring the batteries to a battery charging
station near by the village. Most of them are far from
the village.

® Transporting batteries to a battery charging station
incurs the transport cost;

® The battery charging cost is MMK 500 or so but it lasts
only for 2 days or so thus frequent transportation is
needed,;

® Solar panel's performance to recharge battery
depends on the natural conditions and is not sufficient
to charge battery fully;

® The life of solar panel is short say 3-4 years; and

® Solar power generating power is not suitable for
industrial activity but only for household’s use.



MERITS OF USING MICRO-HYDRO POWER GENERATOR
® No fuel cost is needed for power generation;
® Easy to operate and maintain the system,;

® Sufficient power is available for recharging batteries
(30-40 units of batteries at one time)

® For recharging 30-40 units of batteries require only
around 2 kW of power output despite the fact that the
output of micro-hydro PG is 7 kW,

® Around 4 kW of power can be used for industrial
activities = value added activities in the villages
become possible; and

@® The life of HOKURIKU'S micro-hydro PG (Power
Archimedes) is 20 years and local manufacturing of
bulky components is possible.

FEATURE OF ELECTRIFICATION OF MICRO-HYDRO

POWEE DOGE |kwmaryfhaegeg === Posar Lhsr

1) Generated power is

transmitted to the .jlg j_*— 4

battery charger "

e - W '
through transmission wires _IL '.'.*“_"f'
and control panel. e e ',-'.':;

[ = ]

2) Batteries are charged and
fully charged batteries it = a
will be distributed to the users.

3) Empty batteries will be recharged thereby batteries
are circulated in the village. (one cycle — 3 days)

4) Power available is used for post harvest activities



FEATURE OF ELECTRIFICATION OF MICRO-HYDRO
B BUSINESS STRUCTURE

150 haousahalds

BASE REVENLE

SUPPLEMENTAL REVENUE

1FURIcs STHON BOWER KIOSK NOMN ELECTRIFIED VILLAGE
CHANNEL " _/I ‘

"f

BASIC CONDITIONS OF MODEL PROJECT

® Power Output of Micro -hydro PG : 7 kW

® Number of Rent Batteries : 120 units

® Operating Days by Micro Hydro PG : 300 days/year
® Operating Days by Diesel Generator : 60 days/year

® Number of Micro Hydro PG : 1 unit

® Number of Battery Chargers : 6 units

® Necessary Period for Battery Charge : 8 hours

® Period of 1 Cycle of Rent Battery : 3 days/cycle
@ Life of Rent Battery : 3 years

® Length of Power TransmissionLine :1km

® Number of Power Kiosk : 1 unit

® Number of Paid Workers/Operators : 4 persons




FINANCIAL VIABILITY OF MODEL PROJECT
® WTP for Battery Recharging : 5% of Income
® WTP for Battery Recharging/Month : MMK 7,000
® Number of Users in One Village  : 150 HH
® Battery Recharging Cycle : 3 daysl/cycle
® Total Initial Capital Investment Cost: US$ 50,000
® Micro-hydro Power Generating Unit: US$ 25,000

® Power TransmissionLine (1 km) :US$ 14,000
® Power Kiosk (Building Works) :US$ 4,000
® Battery Chargers (6 units) :US$ 1,200

® Deep Cycle Battery for Renting : US$ 3,600
® Stand-by Diesel Power Generator :US$ 2,500

® Installation Cost and others - US$ 4,000
Note: WTP = Willingness-to-Pay (interview survey)

FINANCIAL VIABILITY OF MODEL PROJECT
® Financial Internal Rate of Return :3.0 %
® |Investment Return Period : 10 years

Conclusion: The system is financially viable under
following conditions:

1) Maximum initial capital investment: US$ 56,000
2) Monthly Nos. of Rent Battery ;120 units

3) Monthly Nos. of Battery Charging : 90 units

4) Number of cycle days of battery : 3 days

5) Rent charge of battery : MMK 800/cycle
6) Recharging charge of battery : MMK 480/1-time
7) Bank interest rate :6.0% p.a.

8) Loan period : 8 years

9) Grace period : 3 years



COMPARISON OF MODEL AND PRESENT SITUATION
“UARTICLE | UNIT MODEL | PLK | MGB |

Oct. 17 MNov. 17

Nos. of Rent Battery in Total Uit 120 60 60
Rent Period per Cycle Day 3 7 7
Mos. of Rent Battery per Month Unit 120 16 20
Rent Charge per Month MM 5,000 5,000 5,000
Rent Charge per Month Uss 3.75 3.75 3.75
Mos, of Battery for Recharging Time 00 41 49
Battery Recharging Charge MMK 200 200 200
Battery Recharging Charge uss 0.15 0.15 0.15
Total Revenue per Month (battery) MMK 300,000 142,000 94,900
Total Revenue per Month (battery) US$ 225 106.80 71.35
Annual Revenue from Battery MMK 5 million

Annual Revenue from Battery LS$ 3,740

Annual Revenue from Rice Milling LI5S 2,500 ] i
Annual Revenue fram Oll Extraction LS% 4.000 1] 0

CURRENT SITUATION OF POWER KIOSK

Puae Lome Kyaw
Month 2017 Rvwnug Ex pandiune Balanc e Az ulated
IAK USS LK LSS TN USS [0 Li5s
July 4] 0 ] 0 1] 1] 1] 1]
Auwguct £4.500 4 a i 64,500 48 43 48
Sapbem ber 70,900 5 6,500 g 54,400 48 !EI EEI
Ocioher a2 00 11:13 88,500 =] 53,900 40 136 136
howem ber 10,600 32,500 24| -21.900 -1& 120 120
Doasc @i basr 0 o ] 1] 1] 1] 1] ]
January [#] a a0 a 1] 1] 1] 1]
February 0 ] 1] 1] 1] 1] ]
March o o i ] o o i i
Myaung Gy Boung
fonth 2017 Revenue Expandiurs Balance Accumulated
K LSS WK LSE TN LSS MK LUS:

 July 18 200 14 2,300 2 16,100 1] 12
Augusl 28,800 21 ] 0 28,800 21 1] 34
Septem bes 23,600 18] o 1] 23,600 18 ] g1
Ocicher 25,200 15| o 1] 25,200 18 o T
Mowiem bes 94,900 T 35,500 26 §9.400 44 ] 114
December 4] a a a 1] 1] 1] 1]
Janyary 4] 0 0 1] 1] 1] 1]
Fepruary o0 a o g o 0 0 0
March 0 o o 1] 1] ] ]




1)

2)

3)

4)

5)

ADDITIONAL EARNING BY COMMUNITY

Agro Processing Activities

Rice milling operation by use of a small rice milling
machine;

Qil expeller to get edible oils from the seeds of
sesame, cotton, sunflower, peanuts, soybeans, etc.
for sale to the oil mill company near by;

Or sale of special edible oil with a brand name of
village or area where the oil extraction activity
takes place — One Village One Product — OVOP;

Freezer can store the oil extracted for a long time
without any quality degradation or oxidization; and

Any other industrial / post harvest activities found
to be suitable by each community / village.

INSTITUTIONAL FINANCIAL SCHEME

Equity Ratio 1250 %
Borrowed Money 750 %
Interest Rate :6.0 % pa.
Amortization Period : 8 years
Grace Period : 3 years

RECOMMENDED BUSINESS AND FINANCIAL SCHEME

1)
2)
3)

4)

Provide institutional financing system

Enhance local manufacturing of micro-hydro PG

Entrust qualified and selected private entities the operation and
management of POWER KIOSKs if the villagers are deemed not
capable to operate and maintain the systems.

ldentify the potential locations for application of micro-hydro

power generation system for village electrification throughout
the country



POTENTIAL LOCATIONS FOR APPLICATION
® KINDERIRRIGATION SYSTEM (Relatively New Design)

POTENTIAL LOCATIONS FOR APPLICATION
® KINDERIRRIGATION SYSTEM (Relatively New Design)

Irrigation System in Mandalay

Kinder East Irrigation System
Typical ¥on-dodnifsd Wllagas and Seooid sy
Frigation Canak of the Eas Kinder lvigation Systam
Lanal  Mame of Vilsgs

fode.  Frofie

bY-2% Pyaw Villaga
Hatiihobl Apgeo. 380
Populstion: Approcs, 1508
k24, of Dunp: &

by-3% Myrwen Villagae
Hismobeld @ Appnoe. 1,530
Popail ation: A pgpr oo 6000
Mo of Drep; B

D21 Tartwein Village
Hemmehohl:  Appros, 150
Pogulation: Appros. 3,000
P of Dreg: 7

Hoiiwahiokl Apgeoe. 2OSE
Papulation: &pgros. 8505
Waoa, of Duop; FL

LDE R WUTTA, DTSN



THANK YOU FOR YOUR ATTENTION.
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Micro—Hydropower Generator

PowerArchimedes

Instruction Manual

<Model ENOD47>

Irrigation and Water Utilization Management Department
Ministry of Agriculture, Livestock and Irrigation
in Myanmar

Customer Name:

Construction Name: Small Hydropower Generator Installation Work in Myanmar in 2017

Construction Site: Myaung gyi boung Village & Pwelone gyaw Village
in Mandalay District, Myanmar

Hokuriku Seiki Co,. Ltd.
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[1] Introduction

Our company, Haiuunku Seiki Co Ltd. has developed the micro-| hvdronomr generator PowerArchimedes
Jjointly with Toyama Prefi | University and Ishik Prefectural Uni

It is a small hydraulm power generator which is suitable for installing on a chanrul of low flow

and a low-water head.

The power generation turbine rotates the waterwheel using water head's weight

or the potential energy produced from the height difference between the upstream and downstream,
generating electric power with the use of a synchronous generator,

The amoun‘t of electric power thut is genarltad is decided by the flow rate of water and the water head.

The micro=hy des' special feature is its waterwheel wing

which has a sprd shape just li(a a screw. Therefore our generator can efficiently utilize the potential energy
of water flow and convert this energy inte mechanical and electrical energy.

We have received an order for the micro—hydropower generator from the Irrigation and Watar Utilization
Management Department, Ministry of Agriculture, Livestock and Irrigation in Myanmar and have complated the
installation on the channel in Mandare district.

[2] safety

The following notices/zafety rules on each item are very important to ensure the safe use of.
Please read the instructions prior to its use and observe the safety rules mentioned by Danger-mark,
Warning-mark and Caution-mark.

1. Using the generator safely

When an operating mistake occurs, the generator's full performance can not be fully achieved

and serious accidents might happen.

To avoid unexpected accidents, please be sure to read this instruction manual thoroughly and understand its
contents before operating the generator,

Please keep the manual in a safe place after reading it.

2. Definitions of Warning and Caution notes

The definitions of Danger, Warning and Caution are given in the following paragraph.
These indications are very important for safe operation so it is thersfore important that you follow the instructions
to aveid any unexpected accidents that may result in injury, death or property damage.

Danger: If the Danger sign is ignored or an operating mistake ocours, serious accidents resulting in injury, death
and/or property damage might happen.
This sign emerges when the possibility of an emergency is high.

Warning: The Warning sign shows that there is a potential danger. If the sign is ignored or an operating mistake occurs
serious accidents resulting in injury, death and/or property damage might happen.

Caution: If the Caution sign is ignored or an operating mistake occurs , serious accidents resulting in injury, death
and/or property damage might happen.

3. Danger

1) The is fy producing while rotating, and the DC bus in the generation control
driver is also under charged voltage. As there is a possibility of electric shock, please don't touch the current—
carrying parts such as main circuit terminals etc.

Regarding the safety notes about the generator, please be sure to read the “safety notes” written in the
instruction manual on Permanent Magnet Type Three—phase Synchronous Generator.
(note: the term “motor” mentioned in the manual means “generator”)

2) Professional electricians must conduct wiring work.

3) Please never make any modifications to the generator and control board (the generator control driver and
output control inverter ete.)



4. Warning

1) From the letion of the 's installation until the test run, shut the water gate and don't let the water-whee! rotate.
If the gate remains open, excessive water flow may suddenly cause the over speed of the water—wheel, resulting
in damage te the equipment and/or unexpected injury.
2) The turbine and generator unit case are made of stainless steel.
Please be careful not to damage them by hitting them while working.
3) While the generation turbine is running, don't open the case of its water-wheel or generating units.
It is very dangerous to touch the rotating parts. You should also be careful net to damage them by hitting them.
4) Please use electric wires which are capable of withstanding the maximum current.
Using wires that are i ble of with ding the i current may cause overheating, resulting in a fire.
5) Grounding work must be done correctly.
6) Make sure that the corresponding terminals and polarity are correctly worked.
1) To ensure that the wiring is safe, make sure that each core electrical wire does not touch the other terminals or
core electrical wires.
8) During a test run, an acceptance test for handing over or mai work, if hing abnormal b
immediately shut the water gate and stop the rotation of the water-wheel.
9) After the completion of control board installation work, please be sure to tightly lock the lids and doors
to prevent rain water and other liquids from entering, otherwise which could cause electric shocks, fires or other problems.
10) Please don't touch any power cord with wet hands.
This may resuit in an electric shock or a sever accident.
11) Handle power cords with care, so as not to cause any damage, preventing fires, electric shock or accidents from occurring,

5. Caution

1) To ensure the smooth and safe operation of the generator, please obey the rules and regulations of Industrial Safety and Health Law.
When you are working at a high place, please be sure to secure enough space where you can work safely
while carrying out the installation work.

2) When you are working in a high place, please make sure to pay full attention to workers' safety measures
and prevent any bodily injury, property damage or accidents,

3) When you carry out electric or plumbing work, ensure that the place you are working at is strong and safe enough to carry out the work
before starting.
The same is true for the installation of the power generation turbine unit and the control board.

4) During a test run, an acceptance test for handing over or maintenance work, don't touch
the main circuit input/cutput parts of each unit or output parts of the generation control panel directly.

5) Please don't modify the wiring or i t 5 during izati

6) Please don't lessly modify the control driver settings or the output control inverter's.

7) Please don't carry out any voltage tests on the generator control driver and output control inverter.

Such tests can destroy semiconductor devices and other parts.

B) Please don't touch the heat-radiating fins of the control driver and output control inverter,
as well as the breaking resistor units, as they become extremely hot.

9) Please don't leave on site any electric tool during energizing.
They might suddenly operate and cause injuries or accidents.



[3] Configuration of the entire system

3.1 Power i st I ic diagram

Waterwheel

3.2 Power generation system operating flow diagram (Self-sustaining operation)

| start flow diagram of the selfsustaining operation |

[ MCCB 1 ON |
v

P | ¥ Some leakage is ok, |
| Gradually increase the amu: of water up to full water level. ] alviovs kesb it-at Full water leval

L Startgeneratorcontroldriver. |
v

Set output control inverter operator to “RUN™ state.

Start o control inverter.

Various protection circuits are

If the starting rotational level of generation is greater than the
predetermined level.

¥
[ Startgeneration ]
v

{oe o Generation under contral T}
N
If the starting rotational level of generation is lower than the
predetermined level.
LY
| RS Endgeneration 1}



Autonomous power operation stop flow diagram

Generation control driver/output control inverter:

| Abnormal stop Stop generator control
DR overheating trouble Turn off MCCB3, MCCE1.
Inside panel temperature rise
X ¥
Parallel-off breaker trips.
{ for generator )
N

Stop operation of generator contrel driver
Stop operation of output control invertor

1. How to start generator W

(D) Confirm that the braaker in the nanel ic in "ON" state. | e

2 n3 L wd ganaration

(@ Ensure that generator control driver/output control inverter is
in operational mode state,

@ Gradually open the water gate, increase water flow and start
generation,

Confirm the power output on the display screen of the generator
control driver.

Power is produced when the generation output exceeds the load.
(@ When, during operation, the water flow decreases and the
generator speed is below 10% of a rated speed, generation stops.
when the power output{KW) is less than the load, the output inverter
displays abnormality and generation stops.

B)in case of eme rgency, stop generation by turning off MCCB3 and
MCCB1.

Turn off generator control driverfoutput control inverter and then
generation stops.

[4] Equipment Configuration and Specifications
4. 1 Equipment configuration

@ Water-wheel
transforms water energy into rotational energy.

@ Speed increaser
increases rotational speed of the water-wheel which makes a generator revolve.

@ Generator (Permanent magnet-type synchronous generator )
transforms rotational energy into electrical energy.

Wertical height(H:m), Water flow(Q:m3 /s) and Efficiency( : water—wheel X speed-increaser X generation efficiency)
calculate Power output(kw)

@ Generation control panel (outdoor—type, free-standing)
is a device for lling the entire electrical system and
includes 1) Generation control driver, 2) Excessive power protection device, 3)Output control inverter,
4) output filters and 5) transformer,
It also displays the Power output{KW) and Integral power jon(KWH) i ditions on the digital operator,

< Reference materials >
1. Generator control driver Enewell-GD Manual
2. Output control inverter A1000 Manual



4.2 Specifications

Model 7.5 KW type
Head 1.6m
Water flow 0.75 m3/sec
Maximum output 7.1 KW
Water-wheel ENOD4T

generator unit

Gennrmtar AG200V, 115 HZ, 12P, 7.5 KW, 20A, 1150 RPM

Permanent magnet-type generator synchronous generator (Yasukawa Electric Corp.)

Speed increaser  |GP-7.8-5125 (Fuji Hensokuki co,. Ltd)

Generator

cotiol detvar CPET-G1AA2TPSAMA (Yasukawa Electric Corp. )

CIMR-AAZADD40 (Yasukawa Electric Corp.)
ACZ00V, 7.5 KW, 33A

Inverter-type: Voltage-type, Current control
Switching method: A sine wave PWM system

Output cantrol driver

GDBR-2110D (Yasukawa Electric Corp.)
BWA-1130 (Hakko Electric Co., Ltd)

Excessive power
protection device

Output filter LF-350 KA (Yasukawa Electric Corp.)
Generation Qutdoor type(free-standing) Steel plate
control panel Outside dimension (WxHxD) 700 % 1720 ¥ 350mm

[5] Troubleshooting

When the generator control driver detects a fault or something abnormal, the digital

dienl :
plays a sign

howing that hing is ak '

If any of the following sbnormalities occur, find its cause and take appropriate measures.

Periedic maintenance checks help to prevent the degradation of the devices' functions and/or damage occurring to the devices.

Please be sure to take necessary actions,

Alarm dizplay Meaning(s) Cause(s) Measures
Over-current Overload
06 xl:\;‘:r;:::r:m:tm highir:uin Shert-circuit/ground-fault on the side Reset the device after investigating the cause
(more than 200% of reted current). of driver-input happened, and take preventative measures.
g b o = First of all, stop the generator and then add a
Main circuit overvoltage; = A 5
e . . - breaking resister or check with a tester that
B ;h:;;:; circuit DG voltage has :rm power generation energy is very high the reat 2 value of braking resistor(DR1 ~
& i DR3) is 3w each, then if not(0 wmeans
:;mm%mf::n“Lw) too high for the circuit to absorb. broken) , disconnect and replace it(them).
Main circuit low voltage:
Main circuit DG voltage fell below L2~ |Power phase interruption,
uvi 06 of the prescribed levellow voltage |loose wiring terminals, Reset the device after investigating the cause
detection level) |excessive supply voltage variation. and take preventative measures,
(200V-class: about 130V),
If there is a continuing problem, replace the
uvz (Control power supply trouble. liriverter.
Inrush prevention circuit failure or Try the device OFF and ON,
uva malfunction of the device. If there is a continuing problem, replace the
[irwerter.

tf




(Crve
0s

A speed greater than the set
speed(F1-08) has continued within the
set time from (F1-08).

r speed:

An overshoot or undershoot has occurred.
Improper set value of F1-08, F1-09.

of F1-08 and F1-09.

Review the gain and check for the set value

% For other alarm displays, please see [ The instruction manual: Generator control driver ENEWELL GDJ.

/L

[6] Periodic inspection & maintenance

6.1 Periodic inspection

Instructions on how to do a periodic inspection on the Micro-hydropower generator/PowerArchimedes is shown below.
A general periodic inspection should be performed every year, and we would be pleased to take over this work for a fee.
Periodic maintenance checks help to prevent the degradation of the s fi
sure to take the necessary actions,

At that time, the thrust ball bearing with aligning seat washer(NSK: 53212U) in the water-wheel shaft helding unit , the deep groove ball
bearing(NSK:69152Z)/(material: SUJ)
and the lower bearing{NSK:6200ZZ)/(material: SUS) must be replaced and the lubricant oil(VG320 or equip.) must also be fed into the speed

incraaser.

and/or d

¢ Periodic inspection list

to the devices, therefore please be

Things to check

Checking process

Measures to take if there are any abnormalities.

Check
column

o P}

<

heel
wheel

Water-wheel generator

Check that there are no abnormal vibrations or operating
noises or

check that there is no uneven rotation and

no foreign objects inside the water tank, on the guide vanes
or on the runner.

Please contact us.

Stop operation, check the water-wheel generator unit, if
there is any trouble, then overhaul and repair it, replacing
the broken components,

Check that there are is no foreign objects tangled up
inside the water-wheel. Remove them, if any.

Generation

Check that power is being generated normally and that

there are no sharp fluctuations{up or down)of power
loutput(KW)

Check that there is no fluctuation in the water flow.
Remove dust from the screen everyday.

Chack that there are no foreign objects stuck inside the
water—wheel,

Check the operating state of the generation system on the
display panel

Main circuit

13




Overall control panel

Check that there are no parts that has been discolored or

d by overheating or damaged.
Check that there are no damaged or deformed parts.
If they can't be removed, replace them.

Check that there is no adhesive dirt, stains or dust.

Repair and replace damaged components.

If a broken unit or parts can't be repaired or replaced, then
replace each device's generator control driver, output
control inverter etc.

Use dry air to blow away dirt.
If it can't be removed, then replace the heavily stained
part.

conductors, wires

Check whether there is any deterioration of wires or
connecting parts due to discoloration, breakage or
overheating.

Check whether there are any broken wires/cables coating,
cracking or discoloration.

Repair or replace damaged wires.

. Check whether there is any wearing, damage or | Reti sSerews/ |
Terminal block of connecting terminals, If there is any damage. replace them.
cr:t‘-’ks her Thera: e any 08, S Lol If the broken unit or parts can't be repaired or replaced,
Electrolytic capacitor 3 then replace all each respective device.(Generator control
driver/ Cutput control inverter etc.)
Diode Check that there is no dirt or dust stuck on it
Check that the safety valve is not inflated.
Things to check Checking process Measures to take if there are any abnormalities. ;:“k
Control eireuit
IReh';hten screws/terminals.
Check that there are no bad smells, wearing, damage or If there is any damage, replace them,
The whole system  |looseness of connecting terminals. If terminals on the circuit board can't be repaired or
Check that there are no loose serews. [replaced,
then replace all each respective device.
14
Re-attach the connectors.
Check that there are no bad smels, discoloration or marked %1 "*1,¥ith on sntstatic cloth r vecuum cleaner.
5 rusting.
Circuit board [Ara the connectors mounted correctly? Solvents must not be used on the board.
gy i
s there:any dust of oll misk. Stk on 17 If the broken units or parts can't be repaired or replaced,
then replace all each respective device.
Cooling system
" Check that there are no abnormal vibration or noise. F
Cooling fan (Chech that there are no broken or missing parts. Clean the fan or replace it.
. Check that there is no dirt or dust stuck on it. : .
Heat sink Chack that thare e no-etaina: Use dry air to blow dirt/dust away.
Air duct Check that there is no clogging or foreign objects inside the

intake/exhaust port.

Display

Generator control
driver/
operator of inverter

Check that the screen is working correctly.
Check that the operation parts are not stained.

Please contact our sales office, if there happens to be any
trouble on the display or the key.
Clean or replace the device.

6. 2 Maintenance

Prevent the stop of generation system due to the life of device or parts by !
If the broken part of the machine or units can not be repaired or replaced, then replace all each respective daevice. (ex. a generator control driver,

output control inverter)

iodic i ions before any trouble happens.

6. 3 Regular replacement parts

Shown below is a guide of f '

Butr

ded standard repl life of

device or unit.

it lives vary

ding to the use, and il
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Device name

Estimated replacement period

1

)

The upper bearing:

Every 3years

Greasing Greasing every 3 months( About two shots by a grease gun)
2) The lower bearing: Every 2 years
Greasing Greasing every 6 months( About two shots by a grease gun)
3) Speed increaser: Eve
S S ry year
Lubricating oil exchange (First greasing after 600 ~700 hours' operation)
4) Coupling:
Grease exchange Every year
5) IPM generator: e oy
Shield bearing IR I
6) Generator contral driver:
Cooling fan Every 10 years
Electrolytic capacitor Every 10 years
7) Output contrel inverter:
Electrolytic capacitor g::g :g vm
Cooling fan Y
8} Transformer Every 20 years
9) Wiring circuit breaker & -
Molded case circuit breaker(MCCB) Euecydgvkars
16
6-4 Maintenance method
1) Upper Bearing Holder
@ Case
g Hexagon Socket Bolt
Chain
@  Sprocket
© Bearing Presser
® Hexagon Sockat Bolt
% Bearing Case
Bearing Nut
@ Bearing
(@ Bearing
g Collar
Hexagon Socket Bolt
g Groase Nippls
Hexagon Socket Stopper Bolt
Shy
e
1) Bearing Repl: t Py d interval : every dyears)
1 Loosen the bolt (D (counter—clockwise) and take off the coupling cover().
2 Next, to remove the chain(3) take off the joint link.
3 And then, remove the frame which holds the upper speed-increaser and generator.
4 At this time, make sure there's nothing on the top and then loosen the bolt® out{counter-clockwise) and remove the sprocket.
5 If the sprocket can not be removed easily by hand, then use a pulley remover,
6 MNext, remove the bolt{®) and the bearing presser(S),
7 To take out the bearing nut(® with use of a hook-spanner, loosen the nut by putting the hook to the upper thin part of the nut and then

remove it




8 Remove the rest of the bearing nuts in the same way.
] Atthls!imﬂlermin!hnﬂwﬂlwmodmnubmsmmwithiummiﬁt

10 Then, remove the bolt@ and by lifting the bearing case(® upward, pull out the bearing@D.

11 After this, put the bearing case back in its ori inal position and firmly fix it with the bolt@.

12 Then fill a newly replaced/designated hur%wim sufficient grease(Lithium soap grease No.2 or the equivalent ) and then install it.
13 Then newly replaced/ desi bearing(® and collar@ in a case(D,

14 Screw the lower bearing nut(® on by hand(clockwiss),

15 If the nut can't be tightened further by hand, then tighten it again tightly with a hook—spanner.

16 Next, scraw the upper bearing nut on by hand.

17 lflhnnutm‘tba!ighunedi\nmrhylund.lhunMmitaﬁnﬁmwmmmsmﬁmahmkw.

18 After this, carefully reassemble everything in reverse order.

Hard Lock Bearing Nut Hook-snapper

2)Grease Replenishing (Interval : First — Imonths , Thereafter — every 2months)
Attach a grease gun to the grease fitting{nipple)1D and pump grease until the grease comes out on the top.

6-2 Maintenance method
2) Lower Bearing Holder

é Shaft
Pany
Y

Hexagon Head Bolt
Packing Gland

Grand Packing
Bearing Case

Cover

Bearing

Coller

Bearing Nut

Bearing Washer
O-ring

Hexagon Socket Bolt
Hexagon Socket Bolt
Hosa

8208889006668

ARNY
@

1 Pronad: (Beari 1

1) Bearing R F r interval : every dyears)

After taking off a hose( loosen the boltD (counterclockwise) and take off the cover().

Next, flip up a claw tip of the bearing washer(@ (one part only) and remove the bearing nut(® with a hook spanner{ counter—clockwise),
At this moment, be careful not to drop the collar@).

Then, remove the bolt and pull cut the bearing case@).

If the bearing case can not be removed easily by hand, pull it out with scrowing bolts into the female screw holes,

At this time, be careful not to drop the bearing®).

After this pulling out, put the bearing case(®) back in its original position and firmly fix it with the bolt(),

Fill a newly replaced/designated bearing with sufficient grease (OMEGA grease No.78 or the equivalent products available)

and then install it.

Next, insert the collar(@) and a new bearing washer@ and screw the bearing nut®) on by hand(clockwise).

RN P Ty T
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10 lftbenutem‘tbnﬁ#-lanodﬁﬂherhyhmd,ﬂunmmﬂamwhﬂnmwnywunm“nw.
1" A&wmkmd‘dmmomntbofﬂ!obmmhrmdﬂubuﬁmm
12 Attach the O-ring@ on the cover(S and firmly fix the bearing case(8) with the bolt(D.

Claw
0 Qf EE gt
., Bearing Nut Hook-spanner

20

6-2 Maintenance method

3) Speed increaser
i i @ Plug

@ Ol Filler Plug
o]
& |

)] @ Ol Gauge

[S]

5

Do not touch the surface of the speed-increasing gear, because it gets very hot while in service or after being turmed off.

al

N

Wait until the gear has completely cooled before starting maintenance work.
The technician for the work (; bl iring, and/or hauling) must be a i d hanis
which holds a thorough 1 g for mail work.
When discarding waste oil, note that it must be di i of as general industrial waste.
2

11



center line of the ol gauge(3),

22,

plug@.

il will result in making abnormal/groaning noise.

r plug@ hole until the oil should come up to the

gear has completely cooled, place an oil pan/tray below the plug(D) and remove it
on the rating plate.

After making sure the spead-increasing

2 Then, remove the upper cil filler plug@),
3 After all waste oil is drained out, re-install the plug(D firmly in its place. Note that loose installing will eause oil lsakage,

3) =1 Lubricating Oil Change Prooedures (0il usage period : 1 year)
4 Next, pour new lubricating oil through the fille

6 Once the correct level is reached, re-install the filler

7 Do a test run and check the sound. Insufficient of

§ The quantity required of the oil is indicated
Once a yesr or every 10,000 operating hours.

150 VG320 Extreme Pressure Gear Oil
Guideline for oil change intervals

Designated Brand

Generator Operating Procedure 20175 Hokuriwseikico.Ltd
| MARE =Y "7 1)Before starting up the Water Turbine,
1 please confirm the following two points.
L @ Two Breskers must be at "OFF” position.
i kil @ Turbine must not be revolying.
When the turbine is revolving, stop water supply to it.

2) Start-up of Generator
(@) Set BreakerMCCB1 at “ON” position,

Hﬁ @ When water is supplied to the Turbine,

[RUN key | [STOP key |  power generation starts.
@ Press “Run “key of InverterINV1,

@ Set BreakerMCCB3 at “ON” pesition,
(power supply starts)

3) Shut-down of Turbine

@ Set BreakerMCCB3 at “OFF “position.
(power supply stops)

@ Press "Stop “key of InverterINV1

@ Stop water supply to ths Turbine.

@ Set BreakerMCCB1 at “OFF” position.

[mccB1| [ Mcce3 | ... Breaker

4) In case of Abnormal Stopping

@ Stop water supply to the Turbine.

@ Set two Breakers at "OFF” position.

@ Follow "2)procedurs”to start up Generator.

5) In case of Power Out—put decline due to clogging with waste/garbage
(@D Follow “3)procedure”, then remove waste/garbage.

@ Follow “2)procedure” to start up Generator.

23
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OPERATION SEQUENCE OF HYDROPOWER GENERATOR

START POWER OENARATION STOP POWER GENERATION

24

Indications of Normal Operating Conditions

l Indication of power out put of power generator I [ Indication of power out put at power generation

Indicators of DRV and
RUN are lighted

Zy
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1. Duties of the administrator

The administrator has the next duties in the battery charge at the POWER KIOSK.
The administrator understands this manual contents, and do the administration of

facilities safely.

- Battery charging service

+ Connection of the electric apparatus except the battery charger
+ Safekeeping of replacement parts

+ Bafekeeping of the key to generation panel

+ Indoor eleaning of the POWER KIOSK

+ The making of the driving daily report

p.1



2. Battery charging service

2.1. Connection method of the battery

We can charge the four batteries per one battery charger. Don't connect 5 or more

batteries same time. Because the charger has only 50 voltage capability. One battery

needs 12 voltage. So, four batteries use 48 voltage.

Battary
Charger

il

O

Battery

®

®

G

Battery

©

Battery

©

®

®

Battery

&

fig 1 Connection method of the battery (Max four batteries)

2.2. Open the all caps top of the battery

Open the all caps top of the battery while you charging batteries. Because

danger of a cap jumping out by a temperature rise charging.

p. 2

fig 2 Open the caps top of the batteries during the charging batteries

8g
°G)

&)
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2.3. Connect Same Capacity battery in same time

When you charge batteries, please connect the battery of the same capacity. Don't
connect the battery of the different capacity at the same time. Because it depends on the
capacity of the battery in a charge time. It becomes the hypercharge or lack charge and

is in danger when you charge different battery at the same time,

fig 3 Good example{Same Capacity Batteries)

Charger

fig 4 Bad example(Not Same Capacity batteries)

p.3



2.4. Keep the Current of battery charging in 2 - 3 Amperes

Keep the current if battery charging in 2~3 amperes. You can arrange the electric

current by turning the handle.

Battery Charger

@ @ . Turn the handle

® ©

2~3A

™

fig 5 Front panel of the Battery Charger

2.5. Charge time

Do the charge with approximately ten hours. But yvou confirm the correct charge time

in the store of the battery, and decide necessary time.
2.6. Check the Battery Liquid level

Each charge. please check battery liquid level. When the battery liquid decreases,

please supplement 1t.

High
Battery Liguid Level

Low

fig 6 Check the Battery Liquid level

p.4



3. Relations of generation electricity and the electricity consumption

The usable electricity in the POWER KIOSK is limited within the generation electric
energy of the waterpower generator. Therefore, please check the generation electricity of
the generator every day. Relations of the generation electricity and available electricity
at the POWER KIOSK (the current value that you can confirm with a switchboard)
shows it in table 1.

For example, you can use the electricity to 8.0A when the generator drives at 7.5kW.
Use the red needle which is on the meter of the switchboard as a mark of upper limit of
the consumption in this available electric current level.

In addition, the hydropower generator supplies 3 aspect electricity. Use 3 aspects in a
good halance, It might cause a stop to a generator to use the partial specific aspect.

table 1 Generation electricity and Available electrie current

Generation electricity Ratio for the quantity of | Available electric current
capacity
7.5[kW] 100% 8.0[Al
6.71Wl . 90% . 7.21Al
6.00iw] _ 30% | 6.40)
5.2[kW1 . 0% | 5.6(A]
450w _ 60% 481a1
3.70kW] 50% | 4.0[A)
3.0[kW] 40% 3.2[A]

q

R aspect A

=y

fig 7 Switchboard in the POWER KIOSK
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4. Recovery of the blackout by the excessive use of the electricity

When you use electricity than generation electricity, it becomes the overload state and
becomes the transmission stop. At this time, please restore in the next procedure.

* Turn off the electricity switch of the table tap.

- Turn off the breaker of the switchboard.

« Reboot a generator and a generation panel.

- Turn on the breaker of the switchboard and turn on the electricity switch of the table

tap.

5. The use of the electric apparatus except the battery charger
If you use the electric apparatus except the battery charge. follow the next procedure.

+ SBingle-phase alternating current 200V apparatus
Connect to the OA tap or outlets of the switchboard.
+ 3 aspect 400V apparatuses

Connect a cable to the exclusive terminal stand in the awitchboard.

In addition, you are within the generation electricity and to use 3 aspect electricity in a

good balance (see above-mentioned Clause 3)

6. Safekeeping of replacement parts

The replacement parts have next. Keep it severely, and prevent non-person concerned
from touching it.

+ Bearing

+ Vring

* Fuse

- Resistor

» Repair paint
A person having necessary knowledge and skill, please perform the exchange according

to an instruction manual.

p.6



7. Safekeeping of the key to generator panel
It is verv dangerous because the high veltage increases in the generator panel, a

terminal board, and the inside of the switchbeard. The safekeeping of the key, please

reach severely so that non-person concerned does not touch it.

8. Keep clean in the POWER KIOSK

A POWER KIOSK is a place for charging. For accident prevention, please do the

cleaning regularly.

9. The making of the driving daily report

Please perform the driving of the generator and a record about the charge. Please record

the everyday situation in reference to the next example.

p.7
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1. Project Background

A shortage of electric power is a serious issue that Myanmar has been facing. A
realization of a sustainable and stable power supply is most important. Hydropower generation
accounts for around 67% of the total power generation capacity at present. The electrification
ratio of Myanmar is quite low, especially in rural areas. Around 2.7 million households out of 8.9
million total households (or 29% of total households) are connected to the power grid. The
average electrification ratio is around 29%, however in rural areas it is mere 16%. The largest
power consumption area in Myanmar is Yangon and its surrounding area, which consumes
around 50% of the total power generated in Myanmar. Meanwhile the progress of electrification

in rural areas is slow, especially at the village level.

The project formulation survey was carried out by Hokuriku Seiki Co., Ltd. in 2013 to
formulate the project aiming at verifying and demonstrating the effectiveness of the micro
hydropower generation technologies developed by Hokuriku Seiki Co., Ltd., in collaboration with
the Irrigation and Water Utilization Management Department (IWUMD) — formerly the Irrigation
Department or ID - of the Ministry of Agriculture, Livestock and Irrigation (MOALI). Through this
project formulation survey, the needs for the provision of a micro-hydropower generation system,

which can be installed at the drops/falls in irrigation channels, was confirmed.

2. Outline of the Project
2.1 Objectives of the Project

The Project is designed to verify the performance of the micro-hydropower generation
system developed by Hokuriku Seiki Co., Ltd. and to contribute to the village electrification
program, especially in non-electrified rural areas, in collaboration with the Irrigation and Water
Utilization Management Department (IWUMD) of the Ministry of Agriculture, Livestock and
Irrigation (MOALI). The objective was to localize production of the product so as to set the price of
the product as low as possible in order to make such off-grid type independent power projects

financially viable.

The Project envisages installing the micro-hydropower generation system at the
drops/falls in the secondary irrigation channels that are controlled and managed by the IWUMD
throughout Myanmar. An examination on how the improvement of living standards (or the
elimination of poverty in such non-electrified rural areas) by means of village electrification
schemes using the micro-hydro power generation system could be realized was undertaken.
Furthermore, the process of how the dissemination of such micro-hydro power generation systems

could be achieved was examined, in collaboration with the IWUMD.



2.2 Project Activities

In order to achieve the objectives of the Project, the counterpart organization for the
execution of the Project was determined as the IWUMD. The direct beneficiaries of the Project are
those 120 households of Myaung Gyi Boung Village and those 170 households of Pwe Lone Kyau
Village, in the Mandalay Region. These two villages are located about 1 mile away from the
selected drops /falls in the secondary channels of the Kinder East Irrigation System that serves the
irrigation of some 42,000 hectares. The potential future beneficiaries during implementation of the
Project is estimated to be around 20,000 households (equivalent to 6 — 7 million people who

reside alongside the irrigation channels) to be developed by the IWUMD.
2.3 Features of the Total System

The inputs to the implementation of the Project are as follows:

Power Unit : Power Archimedes designed and developed by Hokuriku Seiki Co., Ltd.
Output 7 kW for each drop/fall selected namely CY-3C Drop No. 3 and Drop No. 7
Dimensions : Width 1.3 m, Length 1.3 m, Height 3.2 m

Uniqueness of Power Archimedes

Power Archimedes is of the Vertical Axis Water Flow Type. Minimum requirement of
water discharge is 0.1m%sec with and effective height 1.0 m for effective power
generation (which other Companies cannot achieve);

Easy installation of equipment, especially when the machine is planned to be installed at
the drop /fall in the irrigation channel. No substantial volume of civil engineering works is
required, thereby the system cost can be minimized;

Hydro-power generation unit can be designed as either a hanging type or a standing type,
depending on the shape of drop/fall in the irrigation channel,

Installation of a hydropower generation unit needs only one day in the case of the 10kW
unit

Easy maintenance is possible by equipping the controller; and

Extremely long life of the equipment (20 years) subject to the proper maintenance of the

machine.
Power Generation System

The difference of water level at the drops/falls in the irrigation channels between the
up-stream side and the down-stream side (around 1.0 — 1.5m) is sufficient to rotate the screw of
hydropower generation unit. The rotation of the shaft coupled with a screw drives the power
generator. The power output is determined either by water discharge volume or by effective height
at the drop/fall. The power conversion factor is 0.6, which is quite high compared with similar

models made by other manufacturers.



Power Archimedes can be designed to meet with technical requirement either for
installing it in the irrigation channel or to connect it with the penstock. (Refer Figure-1 Typical
Sections of Power Archimedes)

_:‘,f' i ] Upp
i .
: '
Designed for Irrigation Channel Designed to Connect with Penstock

Figure-1 Typical Section of Power Archimedes

Power Distribution System

Basically the power distribution system designed is to transmit the power generated
through the overhead wire to the battery charging units, located in the central area of the target
village. The number of batteries rented out to the users in both villages was estimated, and
subsequently 168 units were purchased. Since the water flow to the secondary channel where
the hydropower generating units are installed is suspended during 2 months (December and
January) each year, battery recharging is planned to be carried out in a conventional way that
bring batteries for recharging to the nearest town, where the power is available from the grid

power system.

In terms of the battery charger supplied, it is possible to re-charge 5 batteries of 40-70
Ah at the same time. The required period for recharging the batteries in full is around 8 hours.
The power needed for re-charging around 60 units of batteries is around 2.5 kW depending on
the size of batteries to be re-charged. As the required power for re-charging batteries is less than
the net output power or around 7 — 10 kW, the remaining power of 4.5 — 7.5 kW can be utilized for

industrial activities in the village, composing of around 300 households.
Hydro-power Generation Units Provided for the Project

The following photos and drawings show the outlook of the drops /falls and sections of
two different types of Power Archimedes designed for installing at the respective drops/falls in the

irrigation channels.
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Figure-4 Installation of Power Archimedes - Hanging Type (No.3 Drop)
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Total System

Figure-6 illustrates the total power generation and distribution system in both of the target villages.

Lighting of Monesty

Power Distribution Line

Power Kiosk

Power Distribution Pole

Receiving Panel

Figure-5 Features of the Total System
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Counterpart Government Agency

The counterpart government agency of Hokuriku Seiki Co., Ltd. is the Irrigation Water
Utilization Management Department (IWUMD) of the Ministry of Agriculture, Livestock and
Irrigation (MOALLI). The IWUMD is mandated for the plan preparation, development, maintenance
of the irrigation facilities, composed of dam, water reservoir, irrigation channels and water
utilization (hydropower generation) in the rural areas. The IWUMD is one of the largest
government organizations and has a division specialized in the manufacture of hydropower
generation units (mostly of the S-shape tubular type). In the past few years, the IWUMD has

produced around 100 units of these S-shape tubular type small-hydropower generators.

o
; e

Figure-6 S-shape Tubular Runner Produced in Yangon Factory of IWUMD

SECTIONAL VIEW OF SMALL SCALE TUBULAR TURBINE DESIGN

e

Type Power Generation Units (20 kW)

Figure-8 View of Installation of S-shape Tubular
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Target Area of Beneficiaries

The direct beneficiaries of the Project are the populations of the two villages where the
two power generation systems are provided. The number of households in the project villages is
120 in Myaung Gyi Boung Village and 170 in Pwe Lone Kyau Village. The estimated number of
villages that can be electrified by small-hydropower generators is around 36,000 villages,
assuming that around 83% of the total number of villages (some 43,300 villages) is not electrified
as of 2017. Most of the irrigation systems are situated in the upland intensive mixed-use
agricultural areas (in the Mandalay Region, Sagaing Region, Magway Region, and Bago Region)
where around 22 million people reside, or some 40% of the total population of Myanmar. Thus
the potential number of villages for electrification through the use of micro-hydropower
generation units can be estimated at around 14,400 villages. Assuming the number of
households per village is around 150, and an average number of people per household is 4, then
around 8.6 million people could be potential beneficiaries of such small-hydropower generation

systems installed along the irrigation systems.
2.4 Work Schedule of the Project

The work schedule and progress are shown in  Figure-9 below.
2.5 Project Implementation Organization

The organization chart of the project implementing organization is as illustrated in

Figure-10.
JICA
JapanSide Myanmar Side
HOKURIKU SEIKI CO., LTD IWUMD
KENSETSU GIJYUTSU MITSUI CONSULTANTS
CENTER LTD. €0, L7D. LOCAL COMPANIES
Figure-10 Project Implementation Organization
Japan side

Hokuriku Seiki Co., Ltd. (Manufacturer)
Kensetsu Gijyutsu Center, Ltd. (Supporting Consultants)
Mitsui Consultants Co., Ltd. (Supporting Consultants)

Myanmar side
Irrigation Water Utilization and Management Department of

Ministry of Agriculture, Livestock and Irrigation
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Report/ Output

Inception Report

Progress Report

Draft Final Report

Final Repot

Work Schedule

Inception Report Explanation

Power Generation / Disgtribution System

Data Collection and Analysis

Power Generation / Distribution Basic Plan

Detailed Design for Power Generation Unit

Manufacturing of Power Generation Unit

Shipment and Marine Transportation

Customs Clearance

Inind Transportation for Power Generating Unit

Installation of Power Archimedes

Power Distribtion Plan

Procurement of Power Transmission Works

Installation of Power Transmission Line

Battery Recharging Senice Syste Plan

Detailed Design for Power Kiosk

Selection of Power Distribution Equipment

Procurement of Equipment for Power Deistribution

Building of Power Kiosk including Facilities

Installation of Equipment for Power Distribtuion Sysem

Final Wiring Works

Test Run

Operation of Power Generation and Distribution Senice

Training on Operation and Maintenance in Japan

Handing Over the Equipment

Business Model Development

Village Profiling and Organization of Operating Body

Village Interview Survey

Power Demand Survey

Formation of Village Electrification Committee

Survey on Power Distribution Senice Charges

Formulation of Business Model

Formulation of Development Guideline for Electrification

Business Development Plan

Study on Potential Market in Myanmar

Study on National Electrification Plans

Funding Plan for Village Electrification by Micro-hydro

Formulation of Power Generating Unit Manufacturing Plan

Organization Plan for Manufacturing and Marketing

Figure-9 Work Schedule and Progress
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2.6 Targets of the Project and the Activities Taken

The achievements of the targets set out for the execution of “Verification Survey with the

Private Sector for Disseminating Japanese Technologies for Micro-hydropower Generation

System Project” are measured by the achievement of the following targets.

Target-1 Power Archimedes is installed properly as designed and the power
generated is transmitted to the target villages and the possibility to
improving the living standards of villages is confirmed.

Target-2 The organization for the maintenance of the system in the IWUMD and for
the utilization of power in the target villages is designed and formed in both
villages.

Target-3 Dissemination plan of Power Archimedes is formulated.

The activities to be carried out to achieve each target are stipulated accordingly, as

follows:
Actions taken for the Target-1
Target-1 Power Archimedes is installed properly as designed and the power generated
is transmitted to target villages and the possibility to improve the living
standards of villages is confirmed.

1-1 Conduct village interview surveys to grasp the profile of the target villages and
issues at non-electrified villages.

1-2 Collect the data needed to install the Power Archimedes and conduct the
necessary engineering design, taking into account the result of analysis of
such data collected that has been collected.

1-3 Design the transmission and distribution system

1-4 Install the Power Archimedes manufactured in Japan to the designated
locations along the secondary irrigation channels

1-5 Operate the Power Archimedes and monitor the operational conditions to
confirm a stable power supply

1-6 Confirm that the power is transmitted to the power receiving panel in a stable
manner

1-7 Confirm how the power generated and transmitted is used by the villagers and
how the electrification has been achieved in both quantitative and qualitative
ways

1-8 Improve the Power Archimedes if any deficiency is found, through the
operation of the power generation / distribution systems

1-9 Summarize the criteria and ways to install the Power Archimedes in the
secondary irrigation channels.

1-10 Confirm the power generation efficiency of the Power Archimedes based on
the data collected through the operations of power generation systems

Actions taken for the Target-2

Target-2 The organization for the maintenance of the system in the IWUMD and

utilization of power in the target villages is designed and formed in both
villages.

2-1 Explain the outline of the Project and required activities to the IWUMD and the
villagers to establish the proper organization for sustainable operation of the
power generation and utilization systems.

2-2 Determine the service charge level and the way of correcting service charges

with the village electrification committee and the power kiosk operation body to
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operate the system in sustainable way.

2-3 Conduct workshops in the villages to help villagers to utilize the electrical
power made available to the villages.

2-4 Prepare the manuals and guidelines for the installation and maintenance of the
power generation and distribution system for the IWUMD.

2-5 Receive key staff of the IWUMD in Japan for the technical knowledge transfer
needed for the maintenance of the hydropower generation unit.

2-6 Establish a regular maintenance system that is to be undertaken by the
IWUMD and the village electrification committee

2-7 Establish the system for battery re-charging, aimed at distribution of electrical
power to the users.

2-8 Complete the operation and maintenance manuals based on the analytical
results of activities carried out at this stage.

Actions taken for the Target-3

Target-3

Dissemination plan of Power Archimedes is formulated.

3-1

Collect data and information relevant to the electrification program for the
non-electrified villages by the IWUMD, using the micro or small-hydro power
generation units and forecast of the potential market size in Myanmar

3-2

Study and analyze the various business risks (i.e. country risk, currency
exchange risks, taxation, regulations, etc.) for the marketing of the Power
Archimedes.

3-3

Sort out the issues to expand the market of the Power Archimedes in the
non-electrified villages in Myanmar based on the analytical results of above
studies.

3-4

Introduce the Power Archimedes through an observation tour or a seminar for
government organizations to share the results and issues identified through
the execution of the Project, which includes observations from project sites.

3-5

Formulate the production, marketing and location plan of the Power
Archimedes

3. Achievements

Target-1

Power Archimedes is installed properly as designed and the power generated
is transmitted to the target villages and the possibility to improve the living
standards of village is confirmed.

1) Verification of Power Generation

The discharge volume of CY-3C is as shown in the table below.

Name of Month Discharge Remarks
ft3/month

January -

February 364 Ref. No. of Secondary Channel DY-3C

March 616 Rainfall in 2014

April 532 Rain Drop Days: 49 Days

May 588 Total: 30 inches

June 588

July 532

August 616 Average Discharge: 28 ft¥/sec

September 560 Average Discharge: 0.79 m3/sec

October 560

November 448

December -

Source: IWUMD Mitta Branch

16




After installation of Power Archimedes at designated locations, the output power was
measured. The output power measured at the time of testing at the project site was around 7.0
kW, in accordance with the design.

2) Verification of Time Needed for the Installation of Power Archimedes at the Project Sites
The water flow in the secondary channel was stopped completely for one day before the day of
the machine installation. The components and part of the machines in disassembled form
arrived at the project site. The wooden crate and frame protecting the different components of
the machine from damages were removed one by one, then were transferred to both positions
planned as close as possible to each drop/fall selected for the installation of Power
Archimedes by using a mobile crane, a 4-wheel drive truck and labourers. The Power
Archimedes was assembled and the steel frames were set at the drops/falls. Then the Power
Archimedes was installed by fixing it to the steel frame. In parallel with the installation of Power
Archimedes, a self-standing type control panel was erected on a concrete base prepared prior
to the arrival of machine at the project site. Thereafter the wire between Power Archimedes
and control panel was connected. The power was generated and transmitted to the
designated villages through the power transmission lines erected prior to the day of machine
installation. The power transmission was measured at the receiving panel furnished in the
Power Kiosk at each village and it was confirmed that the power was transmitted properly. All

these works were carried out in a single day.

Target-2 The organization for the maintenance of the system in the IWUMD and
utilization of power in the target villages were designed and formed in both
villages.

3) Formation of Village Electrification Committee and Power Kiosk Operating Body
The Organization required for sustainable operation, maintenance and management of the
total system was formulated as shown in Figure-10 by the concerned agencies and
organization inside and outside of the village.

Village Electrificatio Committee IWUMD Mitta Branch
- VECChairman (Village Chief) - Branch Manager
- VECPower Generation / Transmission (IWUMD) - Mechanical 4 (Mechanical Engineer)

- All Engineering Matter (IWUMD)

- Control of Irrigation Channel (IWUMD)
EPC Mitta Branch

- EPC Branch Manager

Power Kiosk Operating Body

- Chairman (Village Chief)

- Technical Manager (Selected Villager)
- Accouting Manager (Selected Villager)

Figure-10 Village Electrification Committee Organigram
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4)

5)

Maintenance of Power Archimedes and the Total System

The maintenance manuals of Power Archimedes were prepared and delivered to the office of
IWUMD directly in-charge of the Project. The most important point of maintenance of Power
Archimedes is the replacement of ball bearings attached to the axles of runners, once in every
three years of operation. The selected mechanical engineer of IWUMD has been invited to the
factory of Hokuriku Seiki Co., Ltd. and the demonstration for the replacement of the important

bearings was carried out to transfer knowledge of the relevant technique.

Training on Regular Maintenance Activities

During the course of implementation of the project, t training on the regular maintenance
activities, such as inspection and greasing of ball bearings and other moving parts was
conducted at the project site. Figure-11 shows the details of training on the maintenance of
machines.

Training on Greasing
" o N N

Training on Greasing of Machine ine

/ -

On-the-Job Training for Operations On-the-Job Training for Maintenance

Figure-11 On-the-Job Training Conducted
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6) Present Power Source and Purpose of Using Electric Power in the Villages

The results of the village interview survey are summarized as shown in Figure-12.

Total 300 households Myaung Gyi Boung Village Pwe Lone Kyau Village
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Figure-12 Results of Village Interview Survey on the Use of Electric Power in the Village

7) Average Income and Possible Expenditure for Electric Power Service
The result of interview survey in both villages shows that the average monthly household
income is around US$ 111 (MMK 150,000), of which around 60% is earned by non-farming
works outside of the village. Around 50% of the households have borrowed money from
moneylender. . The average amount of credit per household is US$ 330 (MMK 440,000) or

equaling 3 times the average monthly income. Around one third of households possess solar
panels, batteries, and televisions.
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8)

9)

Willingness-to-Pay for Electric Power Service

According to the results of the village interview surveys, the average monthly charge that a
household is willing and possible to pay for power service is US$ 3.5 (MMK 4,600) or 5% of
their monthly income. Based on this data, the monthly charge for re-charging batteries (for
rental batteries is set at MMK 5,000).

Average Monthly Revenue of Power Kiosk

It took some months of continuous battery re-charging operations for the Power Kiosk operator
to master the battery re-charging procedure and to keep the accounting book recording the
sales of battery re-charging services and the expenditure needed for the proper operation of
the Power Kiosk. The battery re-charging service started in August 2017, after the Power
Archimedes started power generation. The accumulated revenue up to November 2017
reached around US$ 120 in the respective villages. The monthly revenue is around US$ 100
or MMK 134,000. If this rate of revenue per month should continue for ten (10) months, the
annual revenue of each Power Kiosk can be estimated as US$ 1,000. Assuming the total initial
capital investment cost is US$ 50,000 and required annual budget for maintenance of machine
is 1% of the total initial capital investment cost, the annual budget requirement is US$ 500.
Thus the revenue generated from the battery re-charging services could be sufficient to cover
the expenditure for the maintenance of the machine. However, if the power generation project
needs to be financially viable from a commercial point of view, the revenue generated from the

sale of services for re-charging batteries is not sufficient at all.

10) Optimization of Power Generated by Power Archimedes

The average power consumed for the battery re-charging services for each village is analyzed
through four months operation of the total system and was found to be around 2.5 kW. This
means that there is a balance available of around 5kW. This 5kW power output can be utilized
further for increased revenue of the Power Kiosk and the income of villagers or farmers. A
testing of oil extraction using raw materials available locally was carried out. Both villages
cultivate several crops that can be processed in the village to add value, such as sesame seed,
cotton, and sunflower seed processing. The business plan for industrial activity in the village
through utilizing the electric power available was vested to the villagers headed by the village
chief. However no good results were obtained, due to a lack of knowledge and experience of

business operations by villager themselves.

11) Small Public-Private Partnership type Business is Recommended

It is recommended to invite private business entities from the nearest rural city / township to

utilize the electric power made available for small-scale rural agro-industrial businesses in

places where the Power Archimedes is installed aimed at village electrification along the

irrigation channels. The IWUMD will install the Power Archimedes at several drops/falls along

irrigation channels properly and will lease out the machine to private business qualified entities,
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selected through public bidding and ready to conduct agro-industrial business utilizing the
power available at the villages. In this way, the power requirement of villagers can be met, the
income of villagers will increase through sale of their farm products for processing by the
private business entity and the private business entity will generate a profit. Then the IWUMD
would lead and guide the villagers to attain the best outcome of power generation along

irrigation channels.

Target-3 Dissemination plan of Power Archimedes is formulated.

1) The Potential Market Size of Power Archimedes

The total number of population of Myanmar is around 53.9 million, of which 35.5 million is
considered as the rural population. Assuming the average number of persons per household in
rural areas is 5.5; then the total number of rural household would be around 6.5 million. The
average number of households in a village may be assumed as 150. Then the total number of
villages in the rural area can be estimated at 43,300 villages. As the electrification ratio in the
rural area is estimated at around 17% (Source: World Bank), the number of non-electrified
villages is around 36,000. The intensive irrigation system is spread out in Mandalay, Sagaing,
Magway and Bago regions. The total population of these regions is around 22 million or
around 60% of the total rural population. Thus around 21,600 households are considered as
non-electrified households. The potential users of power generated along the irrigation
channels therefore can be estimated say 60% of non-electrified households or some 13,000

households in total.

2) Requirement of the IWUMD Mitta Branch

The IWUMD’s Mitta Branch is responsible for the control and management of the Kinder
Irrigation System and oversees the village electrification project and verification survey project
of Hokuriku Seiki Co., Ltd. as the site selected for the project belonging to the Kinder East
Irrigation System. The IWUMD has already acknowledged the superior performance of the
Power Archimedes, and the ease of installing machines and of commissioning the total system
for village electrification. Then the IWUMD Mitta Branch has suggested considering the need
of village electrification by utilizing the irrigation channel of the Kinder East Irrigation System
further. The actual demand of the Power Archimedes exists at around 21 drops/falls in total at
DY-21, DY-23 and DY-25. The total population of three villages related to these secondary
irrigation channels of the Kinder East System is estimated at around 8,500 and the number of
households is around 2,000, all of which are non-electrified at present. Figure-12 shows the
outlook of these secondary channels suggested by the IWUMD Mitta Branch to be considered
for village electrification through use of the Power Archimedes. As all the drops/falls are
standardized and similar to that of DY-3C, where the verification survey project was carried out,

the power output of each drop/fall by the Power Archimedes can be estimated at some 7 kW. If
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all the drops/falls are utilized for power generation, the total output can be around 150 kW,
which is considerable and could be utilized for rural industrialization.

DY-23 One of 8 Drops

DY-25 One of 6 Drops

3) Localization of the Manufacturing of Power Archimedes
The IWUMD principally agreed with the Hokuriku Seiki Co., Ltd. to manufacture the
substantial part of the Power Archimedes at their factories operating at present under the
supervision, and quality control management of Hokuriku Seiki Co., Ltd. The technical
collaboration agreement is expected to be concluded in the future. Hokuriku Seiki Co., Ltd.
has already observed the existing factories of the IWUMD and assessed that it is possible to

utilize the existing building and some machine tools, however it may need to replace and to
provide several other machine tools in future.

4. Business Development Plan and Perspective

4.1 Business Perspective

Depending on the agreed conditions with the IWUMD, at the beginning of the cooperation

the power generator, speed increaser, screw, axle, and control panel will be manufactured
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in Japan and exported to Myanmar (recipient the IWUMD). The steel frameworks and the
cylinders will be manufactured locally. The proportion of localized sourced parts will
increase on a step-by step basis. The duration of technical collaboration agreement is
expected to be 3 years. After the experience of collaborative manufacturing activities, it is
expected that a more advance collaboration agreement can | be concluded between the

two parties.

4.2 Production and Sales Plan
At the beginning of the technical collaboration the average monthly production volume can
be set say at five units per month. The project formulation and design will be carried out by
the IWUMD, in collaboration with Hokuriku Seiki Co., Ltd. Subsequently after the initial
period, the number of production units could be doubled, through increasing the amount of

machine tools and labourers.
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