Ta Poh Pu:  Micro Hydropower for a Bright Future
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Written by BGET volunteers Megan Kerins, Christina Liebner, and Joshua Sisson


Introduction

In the fall of 2008, the Border Green Energy Team, a non-governmental organization working on the Thailand/Burma border, designed and implemented a micro hydropower system in rural Thailand in conjunction with Energy for the Environment, a Thai non-profit company.  This 12 kW system provides electricity to the village for lighting and some small appliances in all homes.  This document describes the project schedule, site, design process, and installation.  We also elaborate on some of the challenges we faced and lessons we learned throughout this undertaking.  This project could not have been accomplished without the hard work and dedication of the BGET staff and volunteers, the students who joined us from Mae La Refugee Camp, and the villagers of Ta Poh Pu.  We give extra special thanks to the Australian Embassy and to Energy for the Environment for their generous financial support. 


Project Overview

The Border Green Energy Team (BGET) identified Ta Poh Pu as a potential site for a micro hydropower system in mid-year 2008, when we received the request from the subdistrict government office.  BGET's initial visit to Ta Poh Pu in August 2008 confirmed the village as a potential project site.  During this visit, BGET obtained initial data on energy use in the village, transmission distance, head, flow, penstock pipe distance, and conducted an initial meeting with the villagers.

During BGET's second visit for a site survey (28-29 October 2008), the team called an all-village meeting with at least one representative from each family.  With one exception, the representatives were the men of the families.  At this meeting, Project Manager Pi Surat explained the expected schedule of work BGET would commit to the project, including expected construction start and end dates, and a list of materials BGET would buy and bring for the installation.  Surat also explained that if the villagers accepted our terms of work, they were expected to participate by preparing the site and surrounding areas.  The representatives agreed to clear access paths between the village, intake location, and powerhouse location and to prepare bags of sand and gravel for river diversion and concrete mixing.  Pi Surat also explained the metering and payment method that will track electricity consumption and pay for the system's operation and maintenance costs.  A second site survey was conducted, measuring the river's volumetric flow, site head (vertical distance between the weir and powerhouse), penstock length, and total transmission wire length.  These values are vital to the system design, which is discussed in detail in a later section. 

BGET has sized the current system to supply enough power for each of the 57 homes to have 3 overhead fluorescent lights (at 18 W each) and 2 outlets for appliances.  At a total installed capacity of 12 kW, the system will supply each home with about 240 W max power.  Peak load is expected to occur in the few hours around dinnertime and dusk as families prepare the meal and relax and socialize after eating; the main end uses are expected to be task and space lighting, televisions, and other small AC appliances.  Load management issues have been addressed and BGET has explained the limitations of 240W and expects that not every family will use their peak capacity.  There is also the possibility of using rice cookers on a rotating schedule.  Many villagers have expressed interest in this idea and, if properly managed and abided by, could potentially save them a great deal of time (as well as potential for improved indoor air quality and health from burning less biomass for the cooking fire).  This micro hydro system was not designed with future growth in mind.  When village residents desire more power for entrepreneurial businesses or to power more appliances in their homes or in the school, a new electrification project must be considered.


The BGET team, along with six students enrolled in the Engineering Studies Program at Mae La Refugee Camp, installed the system in a total of ____ days.  The installation was completed in two phases, the initial civil works installation from 24 November 2008 to 11 December 2008, and the electrical components installation, system testing, and community training from ____ to ____.  The 12 kW micro hydropower system represents BGET's largest and most comprehensive electrification project to date.  Previous projects have capacities on the order of 3kW and power a school or clinic and a few nearby homes.  The system at Ta Poh Pu is BGET's third to employ pump-as-turbine technology, with two centrifugal pumps working in reverse and plumbed in parallel as the system's turbines.  Where conditions allow at future project sites, BGET hopes to continue building systems on the order of 10-20 kW.  Lessons learned from this project will be instrumental for improving system design, scheduling, budget allowances, installation, and maintenance of future large projects. 



Site Description

The village of Ta Poh Pu is located in Thailand at about 17 degrees north latitude and 98 degrees east longitude.  Situated about 20 kilometers west of Mae Tan in Tha Song Yang Province, Ta Poh Pu is inhabited by approximately 300 people in 57 family units.  It is ethnically and culturally Karen, and the Karen language is spoken exclusively.  A small medical clinic and school serve the community.  The clinic is powered by a 2 kW solar photovoltaic (PV) system that supplies alternating current (AC) to overhead fluorescent lights and some appliances.

About 50 of the 57 residences also enjoy government-funded PV systems, known as Solar Home Systems (SHS).  Each system has one 120 Watt solar panel, one 125 Amp-hours deep-cycle flooded lead acid battery, a combined charge controller and inverter unit, two 10 Watt fluorescent lights, and one outlet. Among families with an SHS, the majority of the electrical load is overhead fluorescent lighting; many families also keep battery chargers for headlamps, and a few families have televisions, DVD players, or stereos.  With the new micro hydropower system installed, BGET expects the load make-up to be very similar, with perhaps a rise in share of electricity to appliances for entertainment.  The SHSs were installed in Ta Poh Pu three to four years ago, and already they show signs of failure due to a lack of proper maintenance.  At the time of the second BGET micro hydropower site survey, a family reported a failure somewhere in their system, which they discovered when the overhead fluorescent lights would not turn on, despite recent sunny days.  The BGET team used a multimeter to identify a problem in the charge control unit and removed the entire switch/controller unit to return to the manufacturer for repairs.  This situation demonstrates a complete lack of sustainability in the government program since it does not equip the family with the tools or knowledge to troubleshoot their own system.  Even when functioning properly, the PV systems are prone to shut down in the event of a cloudy day, a common occurrence during the rainy season.  As there is currently no other electricity generation in the village, the other residences do not have lights or electrical appliances.    A more reliable energy generation system would provide the village with more consistent socially-beneficial services.   The micro hydropower system BGET has installed will serve as supplement and back-up system to those families whose government PV systems are failing, and will be the primary source of electricity to families without a PV system.

Nestled into the tall hills of western Thailand, Ta Poh Pu lies at a higher elevation than most of the villages in the local valley.  The small river that runs past Ta Poh Pu towards the valley is characterized by many waterfalls as it flows down the foothills.  The BGET micro hydropower project exploits the natural head from a series of these waterfalls nearest the village.  The intake is located 35.8 vertical meters above the turbine in the powerhouse (gross head) and 136.5 m along the ground from the turbine (penstock pipe length).  BGET completed the first site survey on 8/6/2008 and reported an estimated 457 liters per second using the bucket method of volumetric flow approximation. Since access to the proposed intake site was limited at the time, the site survey took place downstream near the proposed powerhouse location.  Later, it was decided that the flows were too high for the bucket method to produce reliable results.  

BGET returned for a second site survey to gather information for the intake design on 10/28/2008. During this survey, the team completed a second flow estimation using the area method, this time upstream at two locations near the intake.  The first location included two sand bars that divided the flow into three smaller flows, resulting in 787 liters per second.  A second measurement of 2777 liters per second was taken 5 meters upstream with no flow interruptions (please see Appendix A for a sketch of the site).  We suspect the first measurement is significantly affected by land-water frictional drag from the sandbars, leading us to believe that the actual flow rate is likely closer to the second measurement.  Both of these flow estimates are significantly larger than those obtained from the bucket method.  By weighing the sources of inaccuracy in each of the measurements, the team concluded 1000 liters per second to be a safe assumption for wet season flow at the intake site.  Interviews with the villagers indicated that this flow rate did not decrease significantly during the dry season, estimating dry season flow to be about 70% of the wet season flow.  These results affirmed BGET's initial design for a 12 kW system, which would only require 6% of the wet season estimate of 1000 lps, or 9% of the dry season flow rate estimate.  Also during the second site survey, the distance between powerhouse and village was measured to be about 680 meters, necessitating at least 1360 meters of wire for single-phase transmission plus extra wire for transmission within the village.



System Design


The BGET team designed the Ta Poh Pu micro hydropower system and ordered the system components in the course of one month.  The weir was designed as a reinforced concrete structure spanning the entire width of the river between two large boulders.  The weir's internal structure is fortified by crossing lengths of rebar, which also serve to anchor the weir into the substrate below.  The angled front face of the weir, and the concrete pad that extends upstream for about 1.5 meters, both provide additional support.  As depicted in the figure below, the intake area was designed with a set of filters, where the outermost screen -- a series of vertical bars -- encounters the water at roughly a 45-degree angle.  This feature allows leaves and other large debris to be washed away from the intake and is easily cleaned with a rake or by hand.  Behind the first screen are two other screens, oriented perpendicular to the flow.  These are intended to filter out smaller debris and are removable so that they may be cleaned periodically.  The intake will be covered to keep falling leaves and dirt from entering. The weir also features two 8"-diameter sluice pipes, one in the intake below the penstock pipe and one on the end of the dam farthest from the intake.  Usually blocked by sandbags, these pipes can be opened to clean out sediment that has built up at the foot of the weir.  The penstock can also be opened and closed at the intake.  Water is blocked from entering the penstock by attaching a 90-degree 'el' bend to the pipe opening. In future projects, BGET hopes to look into more advanced weir technology , such as the Aquashear (http://www.dulassolar.co.uk/coanda/content/default.asp) or other coanda effect systems, in an effort to decrease installation time and more effectively keep the pipe and turbine free of debris.

INSERT WEIR DESIGN HERE

As is the case for most micro hydropower installations in remote and developing locations, running a pump and motor in reverse in a pump-as-turbine system was the most appropriate choice for Ta Poh Pu.  Our decision to use two pumps in parallel for this micro hydropower system arose from the following strong advantages: 

1. Centrifugal pumps are cheaper than turbines and are readily available in Thailand, thus avoiding heavy import taxes.

2. There is more technical knowledge pertaining to centrifugal pumps than to turbines, as these pumps are often used in irrigation systems.

3. A 10kW pump would be too heavy to pick up and transport to the installation site without using motorized transportation.  Since the installation would be almost entirely human-powered, all components would need to be transportable by one or more people. 

4. A single 10 kW pump has a peak efficiency at a particular flow. During the dry season, there may not be enough water to meet this flow condition.    During periods of low flow, one pump is turned off and the other operates as before at a flow closer to the best efficiency point.  Thus using two pumps increases the system's operating efficiency.  

5. In the case that one pump fails, the village will not be completely without power. 

There may be more advantages and surely there are disadvantages, namely higher cost and a more complicated system, but overall, with a larger system, the pros almost invariably outweigh the cons. 


The system was designed with the use of a spreadsheet developed by Palang Thai and BGET.  The spreadsheet takes site survey data, such as head, volumetric flow, and pipe length, and returns important system specifications, including system power and the sizes of some electrical equipment. The spreadsheet assists with the following four areas: 

1. Pipe Selection 

2. Pump Selection 

3. Capacitor Sizes and System Size 

4. Transmission Lines Wire Gauge


PVC pipe was chosen for the penstock since this material has a low coefficient of friction, and because it is light, cheap, and widely available.  The pipe diameter was determined from the Hazen-William's Equation.  In this equation, the pipe's diameter D, the Volumetric Flow Q, the pipe length L, and the coefficient of flow C all determine the amount of energy lost in the pipe due to friction in the Hazen-Williams equation: 
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This energy loss is called the head loss because this loss in energy may be viewed as if the system had lost some of its height.  The ratio of total head loss divided by total head is called the head loss ratio and should never be more than 33%, otherwise an increase in flow will result in a decrease in power.   Although the stream has capacity to support a larger hydro system, BGET chose to limit the system at 12 kW.  This is allows an adequate level of electrification for each house and uses only 6% of the dry season flow.  In this case, a pipe diameter of 8" results in a head loss ratio of about 6%, indicating very low headloss. 

In any PAT system, the most suitable pump is a centrifugal, end-suction pump.  Our decision to purchase two Ebara pumps was based on our success with this brand in the past and their availability in Thailand.  Each pump on the market has certain values for maximum efficiency, voltage, frequency, rpm, and more. These can usually be found on the label or on a document from the manufacturer. In addition, each pump has values of head and flow at which it operates best. When the pump is operating under these conditions, it is operating at its maximum efficiency and is said to be at the best efficiency point (BEP).  The BEP head and flow of a suitable pump can be found from the site head and flow in a series of equations.  A three-phase motor was chosen for a number of reasons, including cost and efficiency.  Fortunately, it is possible to use a three-phase induction motor as a single-phase generator, the preferred approach to providing a single-phase supply.  We chose two MD 65-125/7.5 Ebara pumps, operating at 50Hz and 400V. 

Single phase operation is achieved by connecting three capacitors to the pump generators in what is know as a C-2C connection.  This capacitor bank also provides the magnetic flux required by induction generators to start and ensures balanced single-phase generation from the three-phase induction machine. In a C-2C connection, the load is connected to one phase, while the currents of the generator are balanced (for one particular value of load).  The C-2C arrangement is composed of three capacitors, each of the same size. One capacitor (C) is wired by itself, while the other two (2C) are wired in parallel to one another. The capacitors are sized according to the pump motor's frequency, rated voltage, and rated current.  For our system, the appropriate capacitances were found to be 35 and 70 micro Farads. 

Finally, the BGET team designed the system for single-phase transmission at 240Vac. Single-phase has the significant advantage of not needing the loads to be split into three equal parts, and requires much less wire.  While 400Vac transmission would have been more desirable, the only controller available to us was rated at 240V.  As a result, we modified the system so that the voltage is stepped-down from 400V to 240V before transmission.  Unfortunately, the transmission wire gauge had to be made larger to avoid significant a voltage drop over the transmission lines, adding significantly to the cost of the project.  35 mm2 wire was determined to result in a sufficiently low voltage drop of about 3%.  See Appendix B for the Ta Poh Pu system wire diagram.

INSERT WIRE DIAGRAM HERE

INSERT MATERIALS AND COST LIST HERE

Installation

The initial phase of the installation lasted from 11/24/08 until 12/11/08.  During this time, the BGET team worked alongside six students from the Engineering Studies Program at Mae La Refugee Camp, and a number of villagers.  Group photo of BGET team and ESP students. Depending on the work for the day, as many as one person from each household would turn up to help, be they young pre-teen women, elderly men, or anyone in between.  The students and villagers were a pleasure to work with, showing impressive strength and skill, and always maintaining a positive attitude and great sense of humor.  Project construction was organized into three main parts -- (1) concrete weir and intake, (2) penstock and power house, and (3) transmission lines and extension to individual residences.  The workers were often organized into two teams, one responsible for building the dam or the powerhouse, and the other responsible for the transmission lines and wiring.  People were free to help with whichever team they chose on any given day.  The work was entirely done by hand, often involving heavy lifting of transmission poles, bags of cement, and five-meter lengths of penstock pipe up compromising terrain.  Some sitework was done before BGET arrived for the installation, namely collecting bags of rocks and sand for the weir and trail improvement to aid in the transport of materials.  Photo of people carrying heavy things.

A majority of the initial construction phase was spent carrying supplies to the dam and powerhouse sites.  Once adequate supplies had been brought, the weir team proceeded to build the weir, which lasted a little over two weeks.  On the first day, we carried rebar to the dam site and removed rocks from one side of the river to create a water diversion.  Photo of our temporary dam.  The next day, a temporary dam was built just upstream of the weir site so that half of the stream would be dry enough to place concrete. This was constructed out of sandbags, soil, rocks, a large plastic sheet, bamboo, and banana leaves.  For the following three days, we cut the rebar and bent it into the shape of the weir, anchoring it into the ground with vertical lengths of rebar.  Photo of rebar frame. We also built forms out of wooden planks with which to hold in the concrete as it cures.  After the reinforcing mesh was completed, and sufficient rocks, sand, and cement had been brought to the site, we began to mix concrete.  Once mixed, we made a line of people and passed the concrete in buckets from the mixing area to the weir.  Photo of line of people passing concrete.  The concrete was placed in between the forms, throwing in larger rocks after each batch had been added.  These rocks served to strengthen the dam and conserve concrete.  By the end of the first week, we had finished about half of the dam.  Meanwhile, the transmission line team dug the holes for the transmission poles that would go between the powerhouse and the village, and moved some of the poles into place.  Photo of digging holes or installing poles.  On Sunday, we all rested, preparing ourselves for another busy week.

During the second week, we continued work at the dam and at the transmission lines in much the same fashion.  The transmission team continued to install poles within the village, attach brackets to the poles, and to run the two transmission wires between the poles.  The transmission wires and the pumps were carried towards the power house by two elephants, relieving us of carrying some of the heaviest equipment.  Photo of elephants.  Towards the end of the week, after having finished the majority of the weir, including the intake walls and intake screens, we demolished our temporary dam and rebuilt it on the other side of the river, forming a dry area on the unfinished side.  The dam was finished on the first day of the following work week.  On the following day, one team of people connected most of the penstock pipe, using quick-dry PVC glue to couple the pipes, while another team completed the village transmission lines.  Photo of attaching the pipe.  The third day was spent beginning the construction of the powerhouse and lining up the penstock with the powerhouse such that the two pumps could be attached.  On the final day, we fixed a roof and some walls to the powerhouse, attached the pumps, and began to construct the powerhouse floor.  A few small teams also began wiring individual houses and installing the lights and outlets.

When the BGET team returned on ______ (date ) for the second installation phase, we ______ (what did we do?)   


After the construction is complete, BGET will sponsor a training workshop for villagers to learn about the basics of hydropower and the operations and maintenance tasks for which they are responsible at the project site and in their own homes. Describe more of the training process here.


Please see Appendix C for the Micro Hydropower Operations and Maintenance Manual.

Lessons Learned


During the course of the Ta Poh Pu project, the BGET team encountered some challenges.  The lessons we learned from these will help us to improve our approach in future projects.  As mentioned earlier, this was our largest micro hydropower project to date, necessitating the ordering of larger components than usual.  When ordering the system's controller and transformer, the company informed us that it would take significantly longer to manufacture and ship these components than in the past.  We were thus unable to include these components until Phase II of the installation.  In the future, BGET will be sure to order the controller and transformer earlier.    

  

We also learned that it would not be possible to build a 400V controller as we had requested, only 240V, necessitating larger gauge transmission wires.  Switching from 16mm2 to 35mm2 wire added significantly to the overall system cost, and the price of the controller itself was surprisingly high.  Due to the lack of manufacturers and the unknown reliability of other companies, we decided to accept these extra costs.  BGET intends to explore other companies in the future, as we continue undertaking projects on the order of 10kW or larger.  

  

For a number of reasons, system installation lasted for about one week longer than our original schedule.  Although the project was well-managed overall, BGET experienced a few difficulties from which we learned more valuable lessons.  For example, we had asked the villagers to prepare bags of sand and rocks in preparation for needed to mix concrete and build the temporary dam.  During the installation, we realized we needed many more bags of sand and rock than we had initially estimated and had to gather more materials, taking time away from accomplishing other tasks.  Furthermore, when building the rebar frame for the concrete weir, we observed that a higher gauge of rebar or ribbed rebar (not smooth-finished) may have made a sturdier structure and will include this consideration in our next large project.   

  

After completing the weir, we began laying the pipe.  We had already selected a powerhouse site and had leveled and compacted the soil in that area to support the building.  Unfortunately, the pipe did not quite approach the power house site at the angle we had planned and we ended up needing two extra 45-degree els.  Luckily, there was a pipe shop in the nearest town.  We will be more prepared for such difficulties in the future by having extra pipe els on-hand.     

  

Many challenges arose from working in an unfamiliar culture, communicating in a language the BGET volunteers could not speak or understand.  Working on an installation in this context demanded a great deal of patience from these individuals, who would often have to wait for a translation to ask a question or receive instructions.  In one instance, the volunteers had thought of a solution to an issue concerning the temporary dam, but the project manager was not present at the time and we had trouble communicating our idea to the workers.  We ended up having an impromptu meeting at the dam site, everyone gathered around with concerned faces, our technicians acting as translators between English and Karen. With a little perseverance, we successfully built the dam and gained confidence in the power of our own critical thinking skills.

  

 

