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About us

LIRE is a non-profit organisation dedicated to the sustainable development of a self
sufficient renewable energy sector in the Lao PDR. The institute offers agronomical,
technological and socio-economic research services, and works to provide a free public
resource of information and advice on the use of renewable energy technologies in
Laos. LIRE strives to support the development of the country by exploring commercially
viable means to establish renewable energy technologies in rural parts of the country, in
areas without connection to the national grid and with little access to technical expertise.
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Introduction

The shared pico-hydropower project aims to demonstrate how a rural community can use pico-
hydro in a collective, sharing the financial costs and workload, to provide a safer and more reliable
service. Whereas familial sharing is fairly common in Laos this is limited to small numbers of
households. Using a best practice installation the demonstration site will provide power to
community of houses and provide a model for this sharing system to be sustained. As well as being a
demonstration the project will investigate the technical and operational issues required for such a
sharing system to exist. It is envisaged that this configuration could potentially fill a niche between
individual pico-hydropower installations and larger micro-hydropower projects.

Angsang village has been chosen as the location of the demonstration site. Located 22km from the
district capital, Viengxay, in Huaphanh province, Angsang is in a remote location and no plans are in
place to provide a grid connection, at least not within the next 10 years. 28 houses make up the
main village and will all be provided with electricity by the scheme. Earlier field trips® had established
the specific energy requirements of the village and compiled information for the design of a shared
pico system. This paved the way for installation to begin after designs were finalised. This report will
document the installation process, giving technical details as well as assessing the process, and
giving details of the next steps for the demonstration and research site.

This report will review the construction that was carried out between the 16" and the 30" of
November 2009 and from the 14™ to the 20" of December 2009. The first major element of the
construction was to introduce a new mini power grid, safely running power from the turbines into
households. Improvements were made to the function and safety of household wiring and in the
second construction phase improved civil works and draft channels were be installed to add to the
operation of a new turbine.

Objectives
The construction work can be divided into five main areas

1) Construction of Grid

2) Household Connections

3) Civil Works

4) Installation of Turbines, draft tube and channel
5) Commissioning and testing

Field Trip Participants
The LIRE staff involved in the construction process were:
e Mr. Sopha Soulineyadeth, Technical officer of LIRE Pico Hydro Power Program
e Mr. Hatthaphone Sisouvong, Assistant of LIRE Pico Hydro Power Program
e Mr. Sam Stamp, LIRE Technical Advisor
e Mr. Vonevilay Vilayluck, LIRE Pico Hydro Power Program
e Ms. Bounthin, LIRE Intern, Faculty of Environment, University of Laos
e Mr. Phoun, Sunlabob Technician
e Mr. Vilath, Sunlabob Technician
e Mr. Pet, Sunlabob Technician

! See Report 1: Feasibility Study & Site Assessment
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Previous Pico Situation

The use of pico is well established in the village with 17 households owning a pico unit and six more
having access to a shared one. The means pico-K @ RN2 L) [ @a | NRfS Ay
its use has been present here since 1992. According to the villagers, there is insufficient water during
the end of the dry season (April-June) to operate the turbines, and during the peak rainy season the
water flow is too great for the basic civil works, which often require repair and reconstruction after
the water level subsides. Although pico was already meeting some of the villages energy needs, its
use was not without its problems.

The cables delivering power to the households are supported by short bamboo or wooden poles,
leaving cables running low across rice fields and through the village itself. Moreover this wiring is of
a poor standard; primitive knots are used to tie successive lengths and some large sections still
simply use bare wire. Wiring inside households was of a similar standard and represented the same
safety hazards. Improvised connections and set-ups represent real danger, especially as wiring is
almost always hanging loose and disordered.

The turbines themselves and their associated civil works also faced problems. Water shortages, flood
damage, high demand for maintenance and regular damage to the turbine and household
appliances were all cause for concern. It is these sorts of problems the demonstration site will
address, showing best practice methods and materials as well as how the shared model itself can
benefit the community.

Grid Installation

Installation of Power Poles

In preparation for the start of construction the villagers were asked, on a previous visit, to collect
some material for construction. It had been decided that, as there is no installation fee, the village
should contribute labour and materials that they have locally, meaning they do not lose out
financially. Therefore prior i 2 [ L w 9tfes forpdidpales liad been collected and stripped,
sourced from the surrounding forest. However upon inspection by the LIRE team there were
concerns over the quality, in particular the durability and height. After a discussion, and in particular
an explanation that the system had been designed to have a life span of at least 10 years, the
villagers were happy to go an retrieve more poles, this time choosing high quality trees. The
collection and sawing of the poles was all carried out by the villagers, without supervision, and was
in general to a high standard, although a few of poles were rejected due to insect damage. These
higher quality trees often took longer to locate. For reference around 12 poles could be retrieved
and sawn by a team of 15 villagers per day.

The first task in the installation process was to locate the position of the power poles. The overall
layout was modified as in areas the varying ground height and the amount of obstructions; out
buildings, trees etc, caused problems with the initial design. It was also essential to ensure the
power lines would be sufficiently high enough. Many buildings have the main living area on the
second floor so it was necessary to ensure the power lines were out of the way and above balconies
and windows.
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After the layout was finalised foundations were dug, 1m deep holes with a 30cm diameter. The
majority of this work was carried out by the local women using local tools. The dimensions were
checked before the power poles could then be installed.

The poles were assembled, steel racks bolted on, before they were positioned in their respective
holes and then backfilled with concrete. A diesel generator was brought by the team to power the
electric drill used to drill holes for the bolts. The villagers were familiar with the use of concrete;
many have concrete foundations for their houses, and carried out the work quickly and well. The
villagers had also managed to collect enough sand and gravel for the concrete from the river,
reducing the cost. The cement was delivered by a local construction shop. The concrete extended to
include a collar above the ground, 20cm-40cm (higher in rice paddies) to prevent insect damage.
Poles were also painted in a weather and termite proof paint to extend their lifespan.
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Figure 1: Overall Plan of Grid Layout. The P and Q lines represent the different lines from each separate turbine.
A) & B) show the two clusters of the village in more detail.

From figure 1 the layout of the households in the village can be seen. They are arranged into two
clusters, a main cluster and a smaller one to the north, dissected by the river. In total, neutral and
active cables are run across 945m on 51 power poles to supply both sections of the village. As the
two clusters of houses are unequal in size, and therefore power demand, one turbine runs power
lines to both, requiring extra cabling and cost if they had all been located in one section. The
orientationsoftheLJI2 f Sa FyR GKSANI NrOl1az +ta ¢Stf I a
are all shown in A) and B) respectively.

Installation of cables

After the concrete footings were allowed to set the main cables could be hung. This work was
carried out by the LIRE team, with assistance from the village technicians, as part of their training.
Villagers constructed ladders of suitable heights to carry out the work.
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The main cable is 6mm? PVC insulated wire and separate neutral and active lines were hung. They
are held on ceramic suspension clamps, themselves held on a steel rack bolted to the poles. After
the cable spanned 3-5 poles the cable was tightened using a crank, and then when in place the cable
was tied to the suspension clamps using 1m lengths stainless steel wire. Ends were tied to the
clamps leaving at least 30 cm spare so it could then easily be connected to other cables.

Successive lengths were joined by stripping 15cm of each end and splaying the individual copper
wires before tightly wrapping around each other with the help of pliers. The connections were then
covered by insulating tape.

SUSPENSION CLAMP

SUSPENSION CLAMP

INSULATED CABLE

TIGHTLY TWISTED CONDUCTOR

CABLE

CABLE

STEEL WIRE

CONNECTION

Figure 2: Cabling Details ¢ (Left) Steel wiring used to hold cable in place on suspension clamp, (Left middle) end
knot for cabling, (Right Middle) plan view of pole, two end knots, and the connection detail, (Right) cable
connection detail, which is then wrapped in insulating tape.
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Figure 3: Power Pole Detailing, including earth rod and guy set ups.

Earth Rods

As a protective feature of the system earth rods were installed at various locations across the grid.
Grounding rods are the most economical way of grounding. The rods are copper coated steel, which
should provide the best combination of conductivity, non-corrosiveness and strength. The earth wire
is connected to the neutral cable and fed through a protective PVC pipe then connected to the earth
rod by stripping and clamping a section of the wire. They were placed in the foundation holes for the
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poles and driven as deep as possible before being backfilled by the concrete or alternatively driven
into the soil surrounding the pole. The concrete adds to the conductivity as it attracts moisture. In
cases where several rods are used they need to be located as far apart as they are deep to operate
efficiently.

The resistance between the ground and the earth needs to be checked to test it will operate as
intended. This can be measured via an Ohm-meter. The ohmmeter works by placing two probes at
set distances away from the earth, and a third attached to the earth system. A test voltage is fired so
that the resistance between the earth system and the ground can be measured.

The team encounter problems with high resistances between the ground and earth when
measuring. The resistance should be under 10 Ohms but was often much larger. Therefore
additional rods had to be installed, and holes dug to allow them to be placed deeper, where there is
more moisture and therefore more conductivity. This problem most likely arose due to the nature of
the soil, being very dry and rocky. The quality of the earth rods may also have been a problem, the
copper surface was thin and scratched off easily.

Guy Installation

Guys were installed on poles where there was an uneven tension provided by the wires, locations
can be seen in figure 3. A concrete anchor with embedded guy pole and hook was connected to the
top of the pole by a guy cable using two preformed dead ends. A strain insulator breaks the guy into
two segments and provides both electrical insulation and can bear large strain. Again a jack was used
to provide tension whilst the perforated end was tied to the guy cable.

Mai n Distribution Board and ELCO®s

A main distribution board, for each pico, provides control and protection to the system. 9 [ / 1Q®a ¢
30mA0 |y R10A) profde prdtection for the system and also allow power to the households to

be cut off. The switches are housed on a plastic enclosure which all housed in a metal box, which can

be locked, and mounted on the second power pole from the turbines. An Electric Load Controller

(ELC) for each turbine is mounted on top of the box. The ELC protects household appliances and the
turbine by utilising a dump load when the generated voltage is too high. These each have a
voltmeter display meaning the performance of each turbine can easily be monitored. The dump

loads themselves are water heating elements which are placed in 50L of stationary water.
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Household Connections

Household Drops

After the main cables were installed a safe household drop needed to be made from the newly
installed power poles. Using the height of the power these were able to be located safely out of
reach and securely to the households. 2.5mm? wire was used and a steel rack with suspension
clamps placed on a suitable part of each house, normally large wooden forming the gable end of the
roof. This could then be connected to the household distribution board by neatly pinned wire
(2x1.5mm?).

Household Distribution Board

Inside the homes a household distribution board was installed, providing a neat housing for switches
and sockets as well as incorporating a Earth Leakage Current Breaker (30A 15mA) and Circuit Breaker
(2A). These two devices offer additional protection to the system. The wiring details and an example
can be seen below.

LOW TARIFF CONSUMER HIGH TARIFF CONSUMER
SHARED) FIEO GRIC SHAFED FICO GAD
it amw

SIRCUITERBHER |
A

=1

j}

Figure 5: Household Distribution Board and Line diagrams
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Inside the Households

t NEB@A2dza FASER GNARLA KI R Sa lighttalhpieféréntes, bhasedidd
the layouts of their respective houses. We gave low tariff households the option of a combination of
8W and 14W CLF bulbs, which did not exceed their 30W tariff. The household distribution box was
suitably located within the house and then wiring provided to locations where the homeowners
wanted light bulbs located.

Previously wires hung loose, stretched across rooms. The new wires are neatly pinned to the walls
and ceilings of the houses, keeping them clear of harms way. 2x1.5m? wire is used for interior wiring,
all pinned against wooden rafters and beams on the walls or roof.

Current Limiters

An important aspect of the system is to control the amount of power any user can use at any one
time. This is essential to prevent power shortages and to ensure users are sticking to their respective
tariffs. Current limiters are used to do this. Pre-construction testing in a Laboratory at the Faculty of
Engineering, Vientiane, had allowed us to test how these would operate in the field. As very few
rated current limiters were available the team used either two (20W) in parallel for a low tariff set
up or six (20W) in parallel for high tariff. The lab tests had found these to be favourable in their
respective setups. The use of a single type also makes the replacement of the devices simpler. The
current limiters were soldered together in Vientiane and then installed onto the grid, connecting
between the live main cable and the live household drop cable. They are placed inside a protective
plastic box on the relevant power pole and sealed.

Figure 6: Clockwise; Household Drops, Current Limiters, Household distribution board and household wiring
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Civil Work & Turbine Installation

Site Evaluation

LIRE Staff carried a further assessment of previously identified potential pico sites. Previously two
potential sites had been identified, a location currently used for pico and an old site which would
require a new channel to be dug. The decision was made to use the site currently in operation as the
former pico site would require significantly more civil work, in the form of a long canal. Flow
measurements were also carried out which estimated the flow in the channel to be 290L/s.

Upstream Dam

The pico-turbines will utilise a diverted channel to provide flow from the main stream. The existing
channel could be modified for use and the upstream dam was altered to increase the flow. A Plan
view of the overall layout is shown below.

---------- , o
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Figure 7: Overall Plan of Pico Site

os | S,

: 3.0 30 \
MAIN DAM OVERFLOW DAM
O'SI Io.a
| | |
' 8.0 20

Figure 8: Dam Specifications, green lines represent where waterproofing layer is deployed.

For the construction of the dam a policy of using local materials was adopted, meaning no cost and
easy maintenance. The dam was therefore constructed from local rocks, available from the river,
and straw from the fields. The process was actually essentially moving an old dam downstream, to
increase the flow to the pico channel, by incorporating both water sources.

The dam is located at the narrowest point in the stream allowing for the minimal amount of material
and labour. The dam consists of two parts; the main dam and a smaller length of overflow dam. The
lower overflow section should act to prevent the diverted channel from flooding. To assist in
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preventing the flow of water through the dam a waterproofing layer is used; in our case readily
available straw is employed. This type of construction is a technique villagers are familiar with and
had been used in sections of their existing dam.

Draft Chan nel

The main feature of the draft channel is its spiral shape, modifying the water flow to increase
efficiency. It fundamentally acts to prevent flow directly hitting the left side of the turbine, forcing all
the flow onto the right side and hence aiding the clockwise rotation. The shape of the spiral case
then helps the formation of a vortex around the hole and it slowly tapers to a tighter radius, so that
as little flow as possible can destructively interfere with the incoming flow.

The walls are made from 1.3mm steel sheets allowing it to be bent easily around a wooden base,
which acts as a former. The wooden base was constructed from wood collected and sawn by the
villagers, trimmed and planed to size. Similar planks of wood were used to form the sides of the
channel.

The spiral shapeand i KS RNJ Fi (GdzoS K2tS $gSNB Odzi smgooddAt f | IS
example of how simple tools can be used by the experienced hands of the villagers to do difficult
tasks quickly and accurately. The steel sheet had been pierced along the two short and one of the
long sides. This allows nails to be driven through into the wooden base and walls, fixing the steel
tightly into place. Finally the steel was covered with a protective paint and any gaps in the wood
were filled with a combination of glue and sawdust. The construction of the two draft tubes took
two days.

A) B) 24 = C) —a_

o[oJo]o]o

| |
(

2.6d

A=1.2d

iRl B=d

—— C = 0.8d
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d F=02d * As clqtshe atstpos;s][ble to spiral
\ a \ G = 2cm * case without touching
d,=1.7d-2d

Figure 9: Turbine, Draft Channel and Draft tube specifications. For the 1000W turbines d = 27cm, d; = 42cm and
d,=49cm.

Draft Tube
The draft tube is constructed from a 1.5mm thick steel sheet initially cut into a trapezium shape,
then welded along the edges. A collar with tabs is then welded onto the cone shape to allow easy
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installation. The draft tubes were made in a welding shop in the Provincial capital Samneau and
were produced in two days. The tube is attached to the channel by inserting the collar through the
hole, then bending over the tabs before being screwed into the base. Importantly the draft tube
needs to be slightly wider than the turbine diameter to allow the turbine to sit inside it. In our case
the draft tube has a 28.5cm diameter to the turbines 27cm.

A requirement of the draft tube is that it remains submerged, at least by 100mm, to ensure proper
functioning. With the varying water level associated with seasonal rainfall a system needs to be
employed to guarantee this. Therefore the river bed was dug out to increase depth around the tube.
A wooden former was also constructed to help preserve this depth.

STEEL SPIRAL CASE
WOODEN CHANNEL —

WATER LEVEL -----nrresrmsmnasnnsnasssmnnmnsn et sms s s sh s f e
TURBINE

CONCRETE SLIPWAY

HITTTTTTTTTTT W

NOTE: THE DRAFT CHANNEL ACTUALLY DRAFT TUBE
EXPERIENCES A SLIGHT SLOPE TO INCREASE

WATER SPEED APPROACHING THE TURBINE

DRAFT TUBE POOL

Figure 10: Pico and civil work set up

Civil Works
After the site was decided upon the first step was to block of the flow to the site allowing work to be
carried out. A temporary dam redirected the water and old pico was cleared.

With the combined weight of the turbine, the draft tube and the draft channel it is important that
sufficient support is provided. There is also the requirement to withstand seasonal or random
flooding, preventing the site being washed away. This was provided in the form of two horizontal
beams, spanning across both draft channels. A series of poles were used to support the rest of the
structure and keep the draft tube in place. Rocks were piled strategically to reinforce the area.

The channel was also adapted, its shape changed and reinforced, to allow for the daft tubes to sit
side by side. The work was carried out by the villagers under careful LIRE supervision and took a day
to complete.

Initially one turbine was angled quite significantly to the direction of the flow whilst the other was
almost parallel. Additionally the middle of the channel, where the flow was fastest was all hitting the
indent of the spiral chamber and losing a lot of speed. The turbine at an angle was producing around
160V whereas the one more in line was producing 220+V. Adjustments were therefore made to even
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out the flow; moving the channel more in line, placing a piece of wood down the dividing line, and
adjusting the shape of the channel upstream. This meant both could operate at 220V.

Figure 11: Images of botht A QrRofedation

Debris Screens

During installation and initial tests the importance of debris screens was made very clear. In the
absence of any screen, large branches could block the turbine and leaves would quickly clog it up.
The best location for these is several metres upstream of the turbine, having as little effect on the
flow in the turbines proximity. Two split Bamboo screens were quickly assembled into grids by
villagers and are sufficient in cutting out almost all of the debris. They will need to be cleaned daily
but the clearing of overhanging foliage along the channel could reduce this.

Commissioning & Testing

Grid Tests
After the installation field tests were carried out to test the performance of the system and to unveil
any faults.

The system was run for a trial period of nearly 2 days, although with interrupted use as
modifications were made. During that time the users were encouraged to test out their appliances
and keep their lights on. This was to expose any problems or issues with the system. As would be
expected lights were dimmer if a turbine was under performing and producing a lower voltage. This
underperformance was normally due to the turbine becoming clogged up with leaves.

The only reported problem was in a Low tariff household (Household #1, Mr Bounphone) where the
power supply was cut off when all three light bulbs were switched on. The set up, two 8W and one
14W CFL was tested further. It was discovered that when any two bulbs were on the supply was fine,
but as soon as all three were on the power was cut. This points to one of the current limiters, there
are two in parallel for the low tariff, being faulty. This can be replaced, by a village technician as part
of the final training stages.
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Voltage was recorded inside the households to further check the system. As the voltage produced
from the turbine varies slightly these also varied, but were ranged between 195-215V in all the
houses.

Current limiters were tested by deliberately putting an excess load on the supply, in this case a
laptop. This, in all the high tariff cases tripped the current limiters as desired, stopping power supply.
The timescale varied from immediate to 5 minutes but worked in all cases. After removing the
device the user could then continue service immediately.

Pico-Turbine Tests

Measurements were also made of the flow and head at the pico sites when the turbines were fully
operational. The head of the installed turbines was measured to be 1.27m (I) and 1.26m (lI)
respectively. The recommended range given by the instruction manual is between 1.4 and 1.6m°.
However the water depth in the channel around the turbine drops as the water is being sucked
down. Slightly upstream from the turbine the head would be within this recommended range.

The flow measured in the channel just before the draft channels was measured to be 0.45m/s or
449L/s. This means approximately 225L/s of flow each, comfortably above the minimum
recommended flow rate of 130L/s.

When both these measurements were taken the measured output voltages were 250+10V (l) and
2172V (1.

Discussion

Village Contribution

The support from the village in general was excellent, both in terms of labour and resources. They
had already carried out all the tasks we asked for prior to arrival. There was an issue with the quality
of the power poles but that was probably due to a lack of clear instruction and was quickly resolved.
The LIRE team was warmly received and enthusiastic help was always offered by all of the
households in the village.

It is worth pointing out however we did experience delays, due to visits from local officials or village
events, meaning there was no village labour on occasions. The selection of the time for installation,
just after harvest when the villagers have the most free time, was crucial to gaining this support.
Many tasks such as digging holes or building the dam were quickly and easily completed but would
not have been without the large labour force at our disposal. It also seemed evident that the work of
previous field trips, explaining the background and aims to the project, was beneficial in mobilising
the village for the work.

The village was also able to provide many basic tools to assist in the construction. Extra spades,
saws, planes and hammers all came in use and ladders were quickly manufactured at our request.

3 Hydrotech Micro ¢ Hydroelectric Generator Instructions for MHG ¢ 1000, pg 6
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Whilst the villagers often lack technical understanding they proved themselves to be extremely
practical and resourceful.

Technicians

The village technicians will be responsible for the maintenance of the system and be crucial to the
continued success of the project. Although they will be trained further at a later date it was
important for them to take an active role in the construction phase, gaining experience and
understanding of the system. All four had volunteered and been selected by the other villagers. They
did not need to be encouraged to take part in activities and were keen to learn and practice new
skills. They were able to learn quickly by being actively involved, as many tasks had to be repeated
many times, and have no doubt acquired a strong understanding of the system.

Village Architecture

The Angsang houses are predominantly constructed from wood or bamboo, with a significant
amount having concrete foundation. Some small houses are almost entirely bamboo, with no real
solid wood structure. Difficulties were often encountered when connecting the household drop to
bamboo houses. The lack of solid material means a rack and clamps cannot be placed on the
outside. However the growing trend is for wooden houses to be built, at least for the main living
area. Often in these cases an extra small pole was placed adjacent to the house to assist the delivery.

Traditional houses such as these are often rebuilt or modified, particularly those constructed from
bamboo. This is likely to represent one of the first modifications to the system. At least one of the
bamboo houses is planned to be replaced by a wooden one next year. However the growing trend is
towards the wooden, more permanent, houses. Also the presence of concrete foundations also
means the location of the main houses is unlikely to change. It is envisaged the technicians should be
able to handle these relatively minor changes.

Schedule of work

Implementation of the demonstration project was carried out during two site visits in November and
December 2009. Prior to this phase, pre-feasibility and feasibility assessments of the site entailed a
further three visits to the site and to district and province level authorities.

In total 19 days were spent at the village during the implementation phase, in which time all
technical components were installed and test carried out. Details of tasks and their respective
duration and a manpower assessment can be seen in Appendix B.

Conclusion s

It is important to note that this was a best practise installation. If the shared model is to be copied
the techniques and materials used here are only as guidelines. In some cases elements such as the
concrete footings cheaper alternatives could be sought. As a large amount of local materials was
used it is clearly important to assess the resources of a village prior to construction, assessing where
costs can be saved and transport reduced.
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The mini grid provides the safe delivery of power to all the households. Initial tests show that it is
working as desired. Positive feedback was received about the service in general although proper
assessment will have to wait until the service has been running for a significant period of time.

Improvements to the upstream dam and diverted channel helped to increase the flow rate from
290L/s pre installation to 450L/s after, a significant enough improvement to easily provide for the
two 1kW turbines. This increase is largely due to the damming of two water sources and a superior
dam being deployed.

Considering the timeframe of the construction, a relatively small team from LIRE carried out the
installation and time was taken to train technicians. It is also important to note that it was the first
such task for the team, particularly the pico installation and civil works and an experienced team
would be expected to carry out a similar installation quicker.

Follow up activities

Following implementation of the system, LIRE will provide additional capacity building and technical
support for the village, and critically shall undertake a detailed monitoring and evaluation of the
service, in order to optimise the operational model and formulate lessons learned to later be
disseminated to other communities via the LIRE pico hydro programme. Additionally the site shall be
used to produce promotional materials to raise public awareness of the issues of pico-hydro power
in the Lao PDR, and the opportunities for improvement.

The next steps for the project will be

¢ Training of village technicians. This will take place during the next field trip. The technicians
already received good experience through their contribution to the construction.

e Technical research. Future plans for LIRE research need to be established and data collection
systems designed and installed.

¢ Implementation of operational model. The operational model for the shared pico system
needs to be put into place. This will involve disseminating the model to the village, providing
resources for the village and additional training for technicians, a village accountant and a
village energy committee.

e Agreements over ownership and use will be signed and an official handover conducted.
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Appendix A: C  ost Summary
The expenses associated to the materials required for the installation tabulated below for reference.

No Items unit | Quantity Unit Total price in
Price USD
1 TURBINE HYDROTECH 1000W 2 $465 $930
2 ELC HYDROECH 2 $60 $120
3 DRAFT TUBE* 2 $35 $70
4 DRAFT CHANNEL 2 TOTAL $52
4.1 | Steel Sheet Unit 2 $26 $52
5 MAIN DISTRIBUTION BOARD TOTAL $64
5.1 | Circuit Breaker 10A Unit 5 $3 $15
5.2 | Steel Box Unit 1 $27 $27
5.3 | ELCB 10A30mA Unit $11 $22
6 HOUSEHOLD DISTRIBUTION BOARDS TOTAL $749
6.1 | Plastic Enclosure (200Wx250Hx50D) Unit 32 $1 $34
6.2 | Light switch & Accessories Unit 64 $1 $73
6.3 | Socket outlets (2 hole, Panasonic) Unit 30 $1 $20
6.4 ELCB 10A 30mA Unit 28 $11 $298
6.5 | Circuit Breaker 2A Unit 28 $12 $324
7 INSIDE WIRING & LIGHT BULBS TOTAL $330
7.1 | Cable - VFF 2x1.55Qmm, PVC/PVC (grey) 70m 7 $18 $123
7.2 | Compact Fluorescent Lamp, 8W Unit 40 $2 $95
7.3 | Compact Fluorescent Lamp, 15W Unit 40 $2 $95
7.4 | CFL Socket Unit 70 $0 $17
8 CABLES TOTAL $1,322
8.1 | Cable-THW 1x65Qmm, PVC/PVC 70m 34 $29 $983
8.2 | Cable-THW 1x2.55Qmm, PVC/PVC 70m 14 $18 $256
8.3 | Cable Lugs & Connection Clamps Unit 80 $1.05 $84
9 CURRENT LIMITERS & ACCESSORIES TOTAL $177
10 POWER POLES & ACCESSORIES TOTAL $651
10.1 | Power Poles Unit 51 $0 $0
10.2 | Cement Unit - - $283
10.3 | Gravel, Sand Unit 0 $0 $0
10.4 | Galvanised Steel Rack & Suspension Clamp, Double SET 88 $2 $134
10.5 | Steel Wire Unit 5 $9 $46
10.6 | Through Bolts (150/200mm) Unit 60 $1 $48
10.7 | Paint & Accessories Unit 9 $11 $141
11 GUYS & ACCESSORIES TOTAL $151
11.1 | Guy Cable 355QMM m 100 $0 $37
11.2 | Guy Hook 35SQMM Unit 20 $2 $43
11.3 | GuyRod 1.5m+ SET $7 $58
11.4 | Strain Insulator Unit $2 $13
12 EARTHING MATERIALS $255
12.1 | EarthRod 2.5m Unit 30 $5 $155
12.2 | Earth Cables 1x6sgmm 70m 1 $29 $29
12.3 | Neutral Earth Connector 35sgmm Unit 10 $1 $11
12.4 | Air Terminal Unit 1 $15 $15
12.5 | Down Conductor Cable, Cu, 1x35sgmm m 15 $3 $39
12.6 | PVC conduit 1/2" Unit 9 $1 $6
13 CONSUMERABLES $155
TOTAL $5,027
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CONSTRUCTION OF GRID

ist of tasks and Associated Man

January 2010

power

Location of Power Poles 51 0.5 3 0 1.5 0
Dig Holes For Power Poles 51 3 3 20 9 60
Retrieving Poles from Forest 60 3 0 20 0 60
Pole Assembly 51 3 2 3 2
Pole Installation 51 2.5 3 15 7.5 37.5
Painting Poles 51 0 4 0 8
Main Line Installation 4 4 12 12
Guy Installation 15 2 2 3 3
Earth Rods 15 3 2 4 6 12
Current Limiters 28 15 2 2 3 3
Main Distribution Board 1 1 2 0 2 0
Cable Connections 1 1 2 2 2 2
ELC's 2 0.5 1 0 0.5 0
HOUSEHOLD CONNECTIONS
HH Distribution Board 28 2.5 2 2 5 5
Household Wiring 28 3 2 2 6 6
Household Drops 28 1 5 4 5 4
Household Connections 28 15 2 2 3 3
CIVIL WORKS
Site Assessment 1 2 2 0 4 0
Building Dam 1 1 1 15 1 15
Civil Works 2 1 15 3 15
INSTALLATION OF TURBINE, DRAFT CHANNEL & TUBE
Draft Tube 2 2 1 0 2 0
Draft Channel 2 2 2 6 4 12
Installation 2 1 15 15
COMMISSIONING & TESTING
Checking CL's 28 0.25 0 0.5 0
Checking HH Voltage 28 0.25 0 0.5 0
Checking Turbine Performance 2 0.5 0 1 0
TOTAL 87.5 274.5

Authors: Sam Stamp, Sopha Soulineyadeth, Hatthaphone Sisouvong, Vonevilay Vilayluck




