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Introduction

This proposal details the findings of an on-site study conducted by Meaningful Volunteer to evaluate the feasibility of an off-grid pico-hydro electrification system in Sugod Barangay.  The system will power the RYE school (Recycle Your Education) which will provide computer, English, and other classes for local students.  In addition to powering the school, the system will provide a battery charging service to local residents who are not connected to the electricity grid.  Harnessing the excess mechanical energy of the turbine to power a rice mill or other equipment is also a possibility.  The study includes an analysis of the technical and financial viability of the proposed project, as well as possible social, economic, and environmental impacts.

Scope of the Study

The field work for this study was completed in July 2009 by James Willett and Vincent Embile a volunteer and employee, respectively, of the Meaningful Volunteer organization.

The technical survey consisted of an analysis of the hydrological potential, using measurements of the available flow and head (elevation) from the stream. In addition, the most suitable location for a powerhouse was determined along with the most appropriate electro and mechanical equipment.  Required civil works and options for electricity transmission were also analyzed.

The social and demographic study was conducted primarily using information from the local barangay captain, sometimes being supplemented with information from the local community. 

Information about current electricity use was taken from the Tablas Island Electric Cooperative (TIELCO) Annual General Membership Meeting publication (2008) or found through interviews with local families. 

The following limitations to the study were encountered

· At times the GPS device was unreliable due to thick tree cover. Critical elevation measurements were conducted using a clear leveling tube and tape measure.

· Detailed hydrological data for the area is hard to come by.  The flow rate of the stream was determined by measuring the cross-sectional area of the stream along with the surface velocity of the water using the float method.  This method is prone to some error, however, the actual design flow is a fraction of the total stream flow measured during dry season and thus should be available year round.

Sufficient care was taken to ensure the measurements were as accurate as possible and suitable for this feasibility study.

Sugod Barangay Profile

Location / Accessibility

Sugod Barangay is located in San Agustin municipality on Tablas island in the Province of Romblon (N 12.38.160, E 122.07.900).  The barangay is accessible by one main dirt road approximately 30 minutes from the municipal capital, San Agustin. San Agustin is serviced by daily ferries to the provincial capital, Romblon, as well as the port of Batangas in Luzon.

The proposed pico-hydro site is easily accessible from the main dirt road in Sugod.

Topography

Sugod barangay is located at the base of mount Payawpao (elevation 665 m).

There is a flat valley northwest of town used primarily for rice paddies.

Weather/climate

The climate in Sugod is generally hot and wet with an average yearly temperature of 28 (C.  The summer dry season occurs from July-September. 

Water resource

There is one main river in Sugod, the Balio, and providing irrigation for rice cultivation. This river generally runs dry during the summer due to irrigation and lower rainfall. There are a number of small streams running off the steep sections of Mount Payawpao.  Although rainfall is plentiful, there are increasing occurrences of crop failures due to climate change and lack of intensive irrigation schemes. 

Electricity

The barangay currently has access to grid electricity provided by the Tablas Island Electric Cooperative (TIELCO), with the energy coming from an oil-powered plant. Supplementary electricity is provided by off-shore power barges, also powered by oil.  The local electricity rate is 9 pesos/kWh ( 0.19 USD) plus 12% tax and a 5 peso/month metering charge.

The availability of power can be intermittent with brown outs, ranging from a few minutes to several hours, being common. In addition, tropical storms and typhoons cause power outages lasting up to several days-or weeks in extreme cases.  The intermittency in the local electrical supply would prove to be detrimental to the curriculum of the RYE school, as an important focus of the school will be on computer literacy. 

 65% of households are electrified in San Agustin Municipality. In Sugod , 138 of the 375 households are electrified (37%). Un-electrified households primarily use kerosene lanterns for light, with some using rechargeable car batteries for lighting or radios. The local rate for charging a battery is 30 pesos, a fairly significant amount for many families.  There is an opportunity for the Meaningful Volunteer pico-hydro project to offer battery charging, which could help the local community in addition to providing a small revenue stream to help pay for routine maintenance of the system.

Survey of Off-Grid Households

A survey of 11 Un-electrified houses was conducted to determine the prevalence of battery ownership and details about kerosene usage for lighting. Of the 11 households interviewed only one was using a battery for lighting and television, however, the husband was working at the battery charging shop so they didn’t have to pay the 30 peso charging fee. Based on the survey and interviews with the households it is thought that relatively few households use batteries for lighting. The majority of the households said they can’t afford to connect to the grid, as the connection fee is around 8,000 pesos, depending on how far they are from transmission lines.  The price of kerosene is 18 pesos per bottle. The amount spent on kerosene varied from 27 pesos/month to 300 pesos/month depending on the family size and income, with the average amount being 109 pesos/month.  

Based on this limited survey it seems likely that a battery financing and charging scheme could be developed, which would reduce the annual energy costs for off-grid households. Further surveying would need to be done to determine the exact details of the battery financing and the most appropriate rate for battery charging.

Renewable Energy Sources

There is currently a wind farm being developed by 3I Powergen in Ferrol municipality. Commercial operation was set to begin in May 2007, but was postponed until May 2008 due to a disagreement between 3I and TIELCO. The May 2008 deadline was also not met. It is unsure if the project will be completed.

There have been some coconut bio-diesel projects, however, specific details were not available.

There was no information regarding hydroelectric projects and it is thought that this could be the first such project on the island.

Socio-Economic Profile

Demographics

According to a December 2008 census, there is a population of 1,772 living in 375 households.

Local economy

Jobs are very difficult to come by in Sugod, resulting in an unemployment rate of around 85%.  Among women, the unemployment rate is even higher at 92.5%. 72% of families are considered to be below the poverty threshold. What limited economy exists is based around agriculture, including rice, root crops, and fruit.  Fishing is also common among the local population. An agricultural laborer can expect to make around 120 pesos a day. The few women who are employed are likely to be teachers. Teachers make around 12,000 pesos a month, however, many spend up to 8,000 of that paying off debts. A number of families operate small merchant shops catering to the local community, and some make a small amount selling craft work. Many family members move to Manila to earn money to support the family.

Land use and ownership

Detailed information about land ownership was not available at the barangay office, however, an estimate of 15% was given for the number of people who are tenants. Some land along the beach is, in practice, public property and many families construct basic housing there without paying any land use fees.

Education

There is one elementary school in Sugod for preschool thru 6th grade. The enrollment of the school is 397 with 10 full-time teachers. 25% of children aged 6-16 are not attending school. Children generally go to high school after finishing elementary school at age 14.  The local high schools are located in nearby barangays.

Technical Study

The technical study was conducted using on-site measurements and the RETscreen analytic software program. 

School load profile

	Load
	Power (W)
	Hrs/day
	Days/week
	Total (kWh/wk)

	6 computers (35 W)
	210
	4
	6
	5.04

	4  CFL light bulbs (18W)
	72
	4
	6
	1.728

	2 fans (60 W)
	120
	4
	6
	2.88

	1 projector 
	200
	2
	6
	2.4


Peak load = 602 W

Annual energy consumption = 595.3 kWh

In addition, there will be battery charging during off peak times, presumably evenings, Sundays, or when other loads are not being used.

There is a possibility of expansion of the school in the future and the following growth potential will be taken into account

4 computers, 1 projector, 1 fan = 400 W

Possible future load = 1.002 kW

At least a 1 kW system is desired to allow for future growth and take advantage of the abundant energy available in the stream.

Water resource and energy potential

A small stream, west of town, has been chosen for the pico-hydro system due to the fact that it has a high head, suitable flow rate, and is conveniently located near the main road and existing transmission line infrastructure.  The stream is not being used for irrigation, although, it is the source of two potable water lines that service the local community.  

All measurements were taken during the dry season (late June). According to local knowledge, the flow was estimated to be around 40% of the rainy season flow. The driest time of year was said to provide 30% of the rainy season flow. Using the float method, the flow of the river (not including the two water lines) was determined to be around .05 m3/s (50 l/s). Effectively, this is the amount of water not currently being used by the community. Practically, it would be possible to utilize the entire 50 l/s flow since it is a run-of-river scheme in which all water will be returned to the stream approximately 90 meters below the intake. 

The source of the river is located at an elevation of around 90 m (GPS measurements). Because of thick tree cover, GPS measurements were unreliable at lower elevations. For the lower 20 meters of the stream, elevation measurements were taken using a leveling tube.  

The available head and flow are more than enough to provide for the energy needs of the school. As such, there are a range of possibilities for the combination of head and flow that would be sufficient for the system.  The final decision was determined based on the most convenient location for civil works and the powerhouse.

A convenient location for the intake was found at an elevation of 22.3 meters. This provides a gross head of 18 m between the penstock intake and the powerhouse.

Based on the requirements of the turbine, a flow rate of between 12 and 15 liters/s will be used (approximately 25% of the low season flow). This will ensure the required flow is available year round, in addition to preserving the aesthetic quality of the waterfall. The hydropower delivered at the powerhouse will be 2.21 kW (taking into account friction losses in the penstock), enough to power a 1.1 kW system, assuming a conservative estimate of 50% system efficiency.

Civil works

Since the stream has more than enough flow to power the system even during the dry season, only a low level of civil works will be required. A small collection area will be constructed using rocks and mortar. This will allow the water to pool, ensuring the intake is always submerged. Although there is a limited amount of sediment in the stream, the collection area will also allow any sediment to settle before entering the intake.  To further ensure the intake is submerged during the dry season, a small diversion could be constructed on the shelf 2 meters above the intake, also using stone and mortar.

A tailrace of between 6-10 meters will need to be constructed to return the water to the river.  The tailrace could be constructed using abandoned cinderblocks near the powerhouse site.

Penstock

The penstock will be 90 meters long and will be 100mm (4”) in diameter.  Using the Manning formula with a flow rate of 13 l/s, head loss was determined to be 2.3 meters, leaving a net head of 15.7 meters. There will be a very gradual bend in the pipe, however this is not expected to cause significant frictional losses.

Powerhouse

An ideal location for the power house is located 6 meters from the stream and approximately 10 meters from the main road. There is an existing trail to the site, making transport and logistics manageable.  There is a damaged, abandoned structure consisting of a flat base and cinderblocks.  If possible, it would be ideal to reuse the materials to construct the powerhouse. The current building covers an area of 48 m2.  This is much larger than is needed for the powerhouse, however a portion of this could be used as the concrete base for the powerhouse and the cinderblocks used for the walls. The cinderblocks not suitable for reuse in the walls could be used to form the tailrace.  If excess mechanical energy is used to power a rice mill, the extra space could prove valuable. Alternately, a flat area exists next to the abandoned building which would also be suitable.  A rough estimate puts the number of cinderblocks at around 500.  Though the possibility of renting the land and re-using the structure needs to be explored further, it could potentially reduce the cost of the powerhouse considerably.

The location is near the stream, requiring a tailrace of  6-10 meters to return the used water to the stream.

Electrical / mechanical equipment

A turbine, generator, and electronic load control set suitable for 15 m of head and a flow rate between 12-15 l/s will need to be chosen after consulting with distributors in Manila or Quezon City.

Two generator sets manufactured by Exmork Corp. in China look to be suitable for this application. The gen sets use pelton turbines and operate at a head from 15-22 meters and a flow rate from 8-15 l/s. 

A final decision on the generator set make and model

Transmission Lines

The school is located 450 meters from the proposed powerhouse site, which will require 900 meters of transmission cable.  Power poles exist at regular intervals directly from the powerhouse to the proposed RYE school location, potentially negating the need to construct new power poles. The details of using existing utility company poles needs to be explored further to determine costs and other practicalities.  #6 Aluminum service drop wire is locally available and is suitable for transmission lines in a 1.1 kW system.  Transmission losses in the Aluminum wires were calculated to be 31 W.

System Design Specifications
	Component
	Description

	Stream flow 

Design flow at intake

Head, h

Penstock


Powerhouse

Turbine

Generator

Load controller

Transmission line
	.050 m3/s  (50l/s)

.012-.015 m3/s  (12-15 l/s)

hgross= 18 m, hnet=15 m

Length=90m, diameter=100mm(4”), PVC

4 m x 4 m , to be constructed of re-used cinderblocks and concrete base.

TBD

TBD

TBD

#6  Al. service drop wire,  length= 900 m 




· site layout

Cost Analysis

GHG reduction analysis

 Using the RETscreen GHG analytic tool, the green house gas reduction of the project was determined to be .9 tons/CO2 per year.

Environmental Impact analysis

The proposed system is run-of-river and uses only a fraction of the dry season flow, returning it to the stream 90 meters below the intake. Thus any detrimental effects to the environment are expected to be non-existent.  The project uses existing infrastructure for transmission lines and will re-use an abandoned structure for the powerhouse, effectively having no net effect on the landscape. The limited civil works for the collection area at the intake will be constructed using mortar and stone, making it relatively natural looking. The flow of the waterfall will be decreased slightly, but this is a negligible amount compared to the over-all flow and it will not affect the aesthetic quality of the falls.

On the plus side, the project is expected to mitigate .9 tons of GHG which would otherwise be emitted into the environment.

Perhaps more importantly, the project has the potential to spread awareness of renewable energy options in Sugod and the surrounding areas.  A well-planned and successful project could help instill the idea that renewable energy is not only clean and good for the environment, but also reliable.

Summary / Recommendations

Appendix

A. Flow Rate Calculation (Q)

Cross sectional area of the stream= Astream = .066 m2
Surface velocity of the stream = Vsurface= .91 m/s

Correction factor for stream bed = C = .83
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B. Hydraulic Power in Stream (Phydro)

Q=flow rate=.05 m3/s

hgross=18 m

g= 9.8m/s2
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Hydraulic Power at Design Flow (Pdesign) Including Head Loss

Q=.013 m3/s

hnet=15 m
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C. Head Loss Calculations (using Manning equation)

D=pipe diameter (m)

L=pipe length (m)

n=Manning coefficient

h=head loss (m)
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D. Max Current (I) and Transmission Losses Ptrans
RAl=Aluminum Resistivity= .648 (/333 m

L=length of transmission line=900m

(=system voltage = 240 V

Ppeak=school peak load
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E. Survey of Un-electrified houses

	Name
	Household 

size
	Battery
	Kerosene (Pesos/month)
	Notes

	Marjorie Fos
	4
	No
	72
	Plans to connect to grid when new home construction is finished

	Michael Mazo
	3
	No
	80
	Saving money to connect to grid

	Segundo Mazo
	4
	No
	180
	Plan on connecting to grid but can’t afford it. Don’t own land.

	Aniano Rodeo
	9
	No
	300
	Can’t afford to connect to the grid at the moment.

	Artemio Fos
	5
	No
	36
	Actual residence is up in the mountains.

	Renato Madera
	6
	No 
	120
	Can’t afford grid connection. Money is just enough for food.

	Nicholas Rodeo
	7
	No
	100
	Already have electrical wiring in the house, but there are no power lines nearby.

	Purificacion Mijares
	4
	No
	100
	Buy kerosene depending on how much income they have for the day. Can’t afford grid connection.

	Saloacion Mijares
	
	No
	100
	Currently in temporary housing while home is repaired. Plans to have grid electricity.

	Ervin Manas
	
	No
	27
	Can’t afford grid connection.

	Jessie Manas
	8
	Yes
	80
	Bought battery 2nd hand for 1,000 pesos. Have small tv and 7 W bulb which they run for 4 hrs. per day. They charge the battery about every 2 days. Battery charging is 30 pesos, but the husband works at the shop so they don’t pay the fee. Also, use kerosene lamp for overnight use.

	Average Kerosene Use
	
	
	109
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