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1. Introduction

1.1 St Lucia:  a “sustainable energy demonstration country”

At a press conference in 1999 at the Fifth Conference of the Parties of the United Nations Framework Convention on Climate Change, St. Lucia announced its intention to transform its fossil-fuel based economy into one based instead on renewable energy technologies.   Mr. Bishnu Tulsie, then head of the St. Lucian Delegation, proclaimed St. Lucia to be a “sustainable energy demonstration country”, setting an example for other countries to follow.  “By taking leadership, we want to send a positive message to the Conference of the Parties and urge the world community to work toward laying the groundwork for a sustainable energy future.”
  Mr.Tulsie also called on the developed countries to assist St. Lucia and other Small Island States in their energy transformation plans and show similar initiatives in their own countries.

St. Lucia, like many of the other Small Island States in the Caribbean, relies heavily on expensive and environmentally damaging fossil fuels to meet its energy needs.  At the time of the conference, St. Lucia was 98% dependent on fossil fuels for energy production
.  This dependence not only leaves the economy vulnerable to external energy price and supply shocks, but also increases the worldwide emissions of harmful greenhouse gases into the atmosphere.  Increases in carbon emissions and associated global climate change will eventually result in rising sea levels and increased tropical storm intensity, both of which are particularly threatening to the safety and future survival of small island nations.   

Since the 1999 conference, the Ministry of Planning, Development, Environment and Housing of the government of St. Lucia, working with US based organizations such as the Climate Institute, has developed a comprehensive Sustainable Energy Plan to facilitate the transition from fossil fuels to renewable energy technologies.  This plan sets forth specific renewable energy targets for the energy sector, for example:

Deliver 17 MW, or 20% of installed capacity, via renewable energy technologies in 2010.

Reduce the annual GHG emissions from the electricity sector to 166 197 tons of carbon/year in 2005 and 149 539 tons of carbon/year in 2010.

The plan also identifies specific action initiatives designed to meet those targets by encouraging diversification in the energy sector through increased renewable energy use, greater energy efficiency and the introduction of Independent Power Producers (IPP’s).  “We hope this will catalyze a global green energy revolution,” said Mr. John Topping, president of the Climate Institute
.

The primary goal of our group is to contribute to achievement of the renewable energy goals of St. Lucia as stated in the 2003 Sustainable Energy Plan.  

1.2  GSEII projects
In order to achieve the overall goal, several different projects based on various forms of renewable energy were considered.  The primary source of information for current and potential sustainable energy projects used was the Global Sustainable Energy Islands Initiative (GSEII).  GSEII and the United Nations Industrial Development Organization (UNIDO) are working together to support the implementation of sustainable energy plans of islands including St. Lucia.  Projects in which they are currently involved were reviewed
:

Wind

Studies in St. Lucia have found areas of moderately high wind speed
. A central mountain range serves to funnel air flow to the northern and southern extremes of the island thus increasing wind speed in these regions
. Exposed areas of the windward eastern coast of the island are particularly promising in their potential to generate wind energy.

When the government of St. Lucia was first contacted, Cornelius Fevrier of the Ministry of Planning, Sustainable Development, and Technology, immediately expressed interest in a project based on wind power.  Specifically, he inquired about the possibility of access to wind measuring devices.  After further inquiry it was learned that LUCELEC had expressed substantial interest in a wind farm and that for further investigation they should be contacted directly.  At this point it was decided that LUCELEC, which enjoys an authorized energy production and distribution monopoly on the island possessed resources which exceeded our own and thus our efforts could be more effectively channeled elsewhere.  

Geothermal 

Several initiatives have been taken to develop the geothermal energy potential of St. Lucia
. Of volcanic origin, St. Lucia demonstrates significant potential for geothermal energy especially at the Sulphur Springs located east of the town of Soufriere.  Drilling and feasibility studies have been conducted for this site but high mineral content has halted the project as pipes corrode at a rapid rate
.  Technologies exist to remedy this challenge but are costly.  This project and its challenges fell outside of the scope of our resources and we did not therefore pursue it further.  

Solar Hot Water 

Initially some interest was expressed in the application of solar hot water technologies and financing to support this option.   Further investigation indicated that solar hot water was already being adopted with few constraints and that need in this area was minimal compared to other areas.

Landfill Gas and Poultry Litter to Energy Projects

Other areas being explored in conjunction with GSEII and UNIDO are landfill gas and poultry litter to energy.  Pre-feasibility has been completed in these areas
.  We determined this to be a more advanced state then other potential project areas and thus ruled out this option.

1.3  Other potential projects
Two widely supported and developed sustainable energy production methods that are not being investigated in the context of St. Lucia by GSEII and UNIDO are solar energy and hydro energy:

Solar 
Solar energy through photovoltaic (PV) systems is currently being used, at a demonstration level scale, on the island.  Four storm shelters
, an elementary school and a campground
 are all currently powered by PV systems.  There are also two PV panels in use at the Sir Arthur Lewis Community College.  PV systems are comparatively expensive to install as high levels of technology and extensive facilities are required to generate panels.  This barrier to implementation  

Hydro

St. Lucia’s Energy Sector Policy and Strategy notes that a small hydro plant was taken out of service in 1977 after being damaged by a storm and that the last study of hydro potential was completed in 1982
.  It was determined that the high cost of implementation and low potential for energy production meant that hydro was not a viable energy source. 

After this initial analysis we concluded that both solar and hydro energy were potential project areas for our time in St. Lucia.  With the assistance of our instructor Gary Flomenhoft we compared the two options based on our resources, the current development of the energy source in St. Lucia, and the cost of implementation. 

Despite conclusions by the Government of St. Lucia we found the cost of hydro systems to be comparatively cheaper than alternatives.  Potential causes for this discrepancy could be the development of hydro technologies since the time of the Government’s review, and our focus on small scale micro hydro systems rather than large scale hydro. 

After speaking with a number of contacts in St. Lucia we found that there was little understanding of micro hydro energy or its potential application in St. Lucia.  Solar energy was much more widely accepted as a viable means of energy production.  Micro hydro energy had not even reached the initial stages of development and in this we saw great potential for the application of our project goals.  We also found that a survey of the island for micro hydro potential was within our resource constraints.  Our goal became the completion of a comprehensive survey of the island of St. Lucia for micro hydro power potential.  

After setting this goal we reviewed projects completed by students last year that pertained.  Ben Garber, Mike Sclafani and James Carney produced a report titled “Micro Hydro Electricity: St Lucia Jan 2-15, 2005.”  In this report they expressed their opinion that micro hydro was a viable option for St. Lucia but had not conducted any measurements to support this conclusion.  They recommended that future groups focus more specifically on micro hydro rather than spending time looking into other renewable energy sources as they had.  We had already narrowed our focus fitting with their recommendation and were able to use some of the contacts that they had established to further our project.  In particular we decided to follow up on a contact that they had made in regards to the establishment of a demonstration site near the Banana Emergency Relief Unit (BERU) office in Cul De Sac.

Another project was carried out in the same year by Alexandra Bambery titled “Renewable Energy Demonstration Project: St. Peter’s Church; Dennery, St. Lucia.”   Ms. Bambery’s report presented a solid review of the problem of oil dependency in St. Lucia.  The report also provided us with useful contacts, though Ms. Bambery had focused on a solar rather than hydro demonstration site.  Ms. Bambery noted in her report the issue of the ambiguity of policy in St. Lucia surrounding independent power producers (IPP’s).  In an interview that she conducted with LUCELEC representative Gary Eugene Ms. Bambery was told that off the grid energy production was perfectly legal.  In reviewing St. Lucia’s Energy Supply Act of 1994 we found that “no person except the Company [LUCELEC] shall generate, transmit…, distribute or sell electricity within Saint Lucia,” unless granted a license by the Company
.  

Once in St. Lucia we attempted to clarify this controversial understanding of policy for IPP’s but received still differing views. Three informed sources presented their understanding to us; that a person must be connected to the grid if they are within range and must pay a connection fee but can produce their own electricity though they cannot sell that electricity to others either through the grid or outside of it.  Although our project did not reach the stage of implementation of a demonstration site and thus we did not focus on this policy discrepancy it will be an issue to be addressed in the future both by groups wishing to begin independent power production and by the Government in order to support IPP as they have proposed in the Sustainable Energy Plan.  

2.  The hydro-electric power potential of St. Lucia

Our investigation into the feasibility of micro-hydro power in St. Lucia began with a survey of the island’s water resources.  Water power is the combination of head (water pressure) and flow (water quantity / time) and can be determined by the equation:





Power (Kw) = 

The head of a stream is created by changes in elevation; it can be expressed as the height of its steepest vertical drop, and remains constant over time.  Stream flow, however, is expressed as volume per unit time, and can vary significantly not only between seasons, but also over longer periods of time due to external factors such as land use and micro-climate change.  Changes in stream flow, therefore, result in variation of the stream’s power potential.

To estimate the total hydro potential of St. Lucia, head and flow data for the island’s major rivers was required.  Historical stream flow data was obtained from the Engineering Services division of the Ministry of Agriculture.  Data was available for 13 of the islands major rivers, and was organized annually, as flow measurements were reported at various times throughout each year.  The number of years for which data was available, however, varied for each river, ranging from 3 years (View Fort) to 19 years (Troumasse).

In order to account for variance in stream flow between seasons, the highest and lowest flow values per year were used to derive separate estimates for the annual wet and dry season power potential.  Long term variation in flow was incorporated by averaging the high and low flow values of each year for which the data existed.  In addition, lower and upper bounds for the power potential of each river were determined using the absolute lowest and absolute highest flow value from the river’s entire data set.

To estimate head, we obtained topographic maps from the Survey and Mapping department of the Ministry of Physical Development, Planning, and Housing.  Using these maps, we were able to identify and measure the steepest vertical drop of each of the rivers for which flow measurements were reported.  The majority of these drops were located upstream, in the more mountainous interior of the island.  Most of the flow measurements, however, were recorded downstream, near the mouths of the rivers.  Stream flow at the mouth of a river is generally greater than at the source due to incoming tributaries and surface and ground water runoff.  To account for these differences, we applied a correction factor of 25 percent (based on the recommendation of Junior Mathurin), meaning that, for the rivers in which there was a significant distance between the steepest vertical drop and the flow measurement site, only 25 percent of the reported flow was used to estimate power potential.

The results of the analysis are summarized in Table 1.  The estimated power potential for each river, along with the upper and lower bounds are listed.  The total estimated hydro power potential of the island (a summation of the individual potentials of the 13 rivers) is estimated to be 3.4 MW in the wet season, and 258 kW in the dry season.  It is important to note that this total “island” potential is likely underestimated, as not all rivers were included in the analysis, and the correction factor used was conservative.   

Table 1

The hydro-electric power potential of St. Lucia

	River
	Average Dry Season Power Potential (kW)
	Average Wet season power potential (kW)
	Lower Bound (kW)
	Upper Bound (kW)

	Troumasse (19)
	27.23


	529.30


	6.35
	6027.60

	Cul de Sac (17)
	18.90


	590.81
	3.81
	3928.69

	Roseau (14)
	16.94


	252.48


	4.56
	961.36

	Mabouya (15)
	58.02


	926.00


	18.24
	3845.44

	Canaries (4)
	40.22


	392.82


	31.63
	877.36

	Doree (3)
	6.55


	73.38


	2.09
	181.14

	Cannelles (4)
	6.67
	81.08


	3.18
	142.07

	Soufriere (3)


	36.14
	156.38
	23.82
	184.01

	Viex Fort (2)
	10.12


	76.48


	7.60
	109.79

	Choc (5)
	1.96


	32.81


	0.21
	77.82

	Dennery (3)
	11.35


	191.35


	3.46
	295.65

	Marquis (3)
	10.95


	52.68


	6.78
	67.22

	Ans la Raye (4)
	12.66


	57.84


	8.12
	89.33

	Total
	257.71


	3413.42


	119.87
	16787.48


* Numbers in parenthesis indicate the number of years for which flow data existed

3.  Project Execution

Once we determined that the potential for hydro-electric power does exist in St. Lucia, the next step was to find a site where a demonstration unit could be installed.  We met with our contact from the Ministry of Agriculture, Felix Jaria, who had expressed interest in our project and the prospect of micro-hydro use on the island.  We had a few questions for him as well as a few requests.  During our delightful and interesting discussion with Mr. Jaria and his colleague Junior Mathurian, we learned quite a bit about the island's hydrology, as well as about current energy policy.  We asked the men from the ministry to inform us as to the location of a few sites that would be ideal to install a micro-hydro unit either as a demonstration site or for private use.  Mr. Mathurian kindly offered to guide us on a couple of outings into the back country of St. Lucia.  

The bulk of our time on the island consisted of measuring two aspects of the rivers we visited, the head and the flow.  By multiplying these two measurements, we are able to calculate the amount of energy a particular river could potentially produce with the installation of the appropriate micro-hydro unit. The more head the better.  The ideal site is a water source with a steep vertical drop such as one with a waterfall.  The steeper the slope the less piping needed to complete the unit. Piping is a major factor in the finances required to install a unit such as this.  Therefore the amount needed is a major factor in the decision whether or not to install one.  Fortunately, the natural capital of St. Lucia is rich in hundreds of beautiful waterfalls. 

3.1 Measurement methods
Head Measurement
Method 1:

-materials: altimeter

1. Make sure the altimeter is calibrated to sea level. 

2. With the altimeter, take the altitude of the low point of the river, where the hydro turbine would be installed. 

3. Take the altitude of the high point of the river, where the intake would be.  This location is really wherever the river levels out,

4. Calculate the total head by subtracting the altitude of the low point from that of the high point.

Method 2: 

-materials: 6 foot stick, carpenter’s level with sight, laser level, two screws, pencil, tape  measure

1. Make a mark on the stick at 5 feet. (If the user is shorter than 5 feet, a lesser height can be used but the entire process of measuring head might take longer.)

2. Attach the carpenters level with a screw to one side of the stick with the top of it exactly at the 5 foot mark.

3. Attach the laser level with screw to the other side of the stick so that the laser also lies exactly at the 5 foot mark.

4. Start holding the stick perfectly upright at the base where the turbine might be located.  (Make sure the bubbles in the carpenter’s level are in side the lines on the tubes)

5.  Level the laser and find the point where it hits the ground.  If the laser cannot be seen, the sight on the carpenter’s level may be used.  Have another person stand or somehow mark the place where the laser hits or the sight points to. Write down 5 feet.

6. Take the stick and put it where the mark was placed.

7. Repeat steps 5 and 6 until you reach the desired intake location. This location is really wherever the river levels out.  Measure the excess height if the last measurement is less than 5 feet.

8. Add up each 5 foot increment plus the last measurement. The total should be the exact head of that section of the river.

Flow Measurement: 

-materials: tape measure, string, colored tape, buoyant object, stopwatch

Note: For best results, the buoyant object should be something that will float at the same speed as the water source it is placed in.  The object should be weighted to the point where it will be minimally influenced by wind behavior above.  We used a small plastic bottle filled about half-way with water.  

1. Measure Area of Cross Section

a. Locate section of water source that is about ten or so feet across, fairly consistent in depth from one side to the other, and is not too deep to measure.


b. Apply colored tape to string at one foot intervals.


c. Use tape measure to measure the width in feet (ft) of the water source.


d. Run string with colored tape across water in the same spot. 

e. With tape measure, find the depth in feet (ft) of the water at each one foot interval.

f. Calculate the average depth of the water source at this location by each depth recorded and dividing by the total number of depths.

g. Calculate area in square feet (ft2) of cross section by multiplying the width of the water source by the average depth.

2. Measure Speed of Water

a. Mark off a 5 to 10 foot section of the water source starting well upstream of,        and includes, the point where the previous measurements were made.

b. Drop the object in the water at the upstream end of the section. Using the stopwatch, record the amount of time in seconds (sec) it takes for the object to travel from one end of the section to the other.

c. Since the speed of the water of probably different at different points across the width, the speed of the object must be measured several times (step b), releasing it each time at a different point across the water.


d. Take the average of the times recorded.

e. Calculate the speed in feet per second (ft/sec) by dividing the length of the area sectioned off by the average time it took for the bottle to traverse it.

3. Calculate Flow

a. Calculate flow in cubic feet per second (ft3/sec) by multiplying the area of the measured cross section by the speed of the water source.

b. Because the bed of any water source exerts friction on the water traveling across the bottom, the actual overall flow of is most likely less than the data shows.  To correct for friction, simply multiply the measured flow by .83. The result should be an accurate measurement of the actual flow of the water source in question.   

Power Calculations

1. Kilowatts

Head and flow measurements can be used to calculate the amount of power in kilowatts (kW) by multiplying head by flow and dividing by the constant 11.81. 

2. Kilowatt-Hours

The kilowatt hour (kWh) is a measurement of the amount of power something uses or generates if it is in use for one hour.  For example, a one kilowatt micro-hydro unit produces one kilowatt-hour per hour. Therefore, since water sources run all day, we can multiply the number of kilowatts a micro-hydro unit produces by 24 hours.

3.2  Sites Visited
For each site we visited, we performed the head and flow measurements exactly how they are described in the measurements section of this report.  We also made the power calculations for kilowatts and kilowatt-hours per day.  Byron Murray, another student in the group from UVM, learned from a conversation with a representative from LUCELEC that each St. Lucian household, on average, uses about 4-6 kilowatt-hours per day.  Using this information, we divided our calculation of total power output per day  by 5 kilowatt-hours to approximate the number of households that each water source measured could potentially support.  

3.2a  John Compton Dam


The first site Mr. Mathurian brought us to was the John Compton Dam in Roseau.  The dam serves to supply water to the entire Castries area.  To the right of the damn, we found a bypass which emptied water into the river below.  Mr. Mathurian informed us that there were many farmers in the area that could benefit from the installation of a demonstration site at this location.  To the right of the dam, there was a building that housed the pumping system.  The supply of power to this building from a micro-hydro unit at the dam's bypass could serve to complete the demonstration of how micro-hydro works as well as prove that it does work.  We then proceeded to take head and flow measurements.  We measured the head from the river below into which the bypass emptied to the top of the dam.  The flow was measured in that river about 70 feet from the bypass.  


Head = 123 ft


Flow =  5.37 ft3/sec


Total power output: 55.9 kW


Total kilowatt-hours per day:  1,341


Household support capacity: about 268 households

3.2b  La Tille Gardens

The second site Mr. Mathurian brought us to was La Tille Gardens in Micoud Village, a small farm owned by a sincere and intelligent man named Sly Joseph.  It was located in an area completely made up of farms.  Through his farm ran a beautiful river which happened to bear a fairly large waterfall.  Mr. Joseph, who had already installed a ram pump as well as a solar panel himself was extremely interested in the prospect of a working micro-hydro unit on his property.  Because his farm is located off-grid, he currently receives no electricity from LUCELEC. He informed us that he had no desire to buy power from the monopoly for many reasons.  First of all, it would not be economically feasible due to the inordinately high connection fee LUCELEC would charge.  Other reasons include a belief in the sustainability of alternative forms of energy as well as an innate spirit of independence.  After we talked with him for a while about how micro-hydro units work, he led us to the waterfall on his property which is also called La Tille. We measured the head of the section of the river that begins at the top La Tille waterfall and ends down the river at the bottom of a smaller waterfall.  After that point, the river begins leveling out.  We measured the flow of the river at the top of La Tille waterfall.  


Head = 56 ft



Flow = .797 ft3/sec


Total power output: 3.8 kW


Total kilowatt-hours per day: 91.2 kWh/day


Household support capacity: about 18 households

3.2c  Fond St. Jacques

Fond St. Jacques is a town located about 10 minutes in land from Soufriere.  One small subset of the town is comprised of about 5 houses and around 20 people.  This community lies in close proximity to a stream with continuous drop.  The steepest incline occurs upstream from the community on a tributary to the larger stream.  We measured the head and flow at this point and also at a point just downstream from the community.  Although the overall drop was greater at the upstream site we determined the distance needed to transport the electricity or water to the households to be too great. 

The measurements that we took just below the community showed a more than double rate of flow which compensated amply for the decreased head.  There is ample space for a power house at this location and power would be generated approximately 300 ft from the community.  This grouping is connected to the grid and given the surplus of potential power (around 20 households compared to the existing 5) energy could potentially be supplied to the grid if legally possible.  Our measurements and calculations for the more feasible site are as follows:


Head = 23 ft


Flow = 2.26 


Total power output:


Total kilowatt hours per day: 100.8kWh/day


Household support capacity: about 20 households

3.3  BERU (Banana Emergency Recovery Unit)

We met with a representative, Mr. Laforce, from BERU in the town of Cul de Sac to follow up on last year’s report.  The report mentioned that there used to be a micro-hydro unit on one of their workshop sites but it had been stolen. The group thought that this would an ideal site to set up a demonstration system.  We asked Mr. Laforce about this system.  He informed us that there was never a micro-hydro unit but there was an irrigation system that was sabotaged.  We asked him if there were any rivers running through any of the workshop sites. He said that the Cul de Sac river ran through one of them.  We asked if it would be possible to set up a demonstration site there.  He said this could be a possibility.

3.4  Sir Arthur Lewis Community College


We also traveled to Sir Arthur Lewis Community College to talk to a group of engineering students and talk about our project.  Before we came to St. Lucia we were under the impression that we were going to meet with students who were also conducting ongoing projects in renewable energy. When we arrived on the island and met our contact, Mr. Cosmos Alexander, a lecturer in engineering at the school.  He informed us that classes were just beginning when we got there and the projects were completed last semester.  We decided to still go through with our visit hoping that some students would take an interest in our project and desire to carry it further.  


We started with an introduction of our group, why we were there, and where we were from.  We then went on to describe how micro-hydro systems work, how to take head and flow measurements. We then brought all the students outside and Mr. Flomenhoft and Mr. Alexander, with a demonstration model they had built, showed the students how a micro-hydro system creates energy.  After the students left, a few of them stuck around to discuss micro-hydro further.  We acquired the contacts of two students of electrical engineering who were interested in starting micro-hydro projects in the future.    We also acquired the contacts of a few members of the faculty at the school that seemed much more interested in setting up a formal partnership with the University of Vermont and possibly organizing a more constructive event next year.  It is our recommendation that next year’s group use these contacts in conjunction with Mr. Alexander. 

4. Conclusions

Based on these ideas, we feel that the most suitable sites for micro-hydro technology are the BERU office in Cul de Sac and La Tille Farm.   The BERU office in Cul de Sac provides training to farmers in several facets of farm operation and therefore has frequent contact with farmers in the area.  Since the office is already an educational facility, power technology would serve as another addition to their curriculum.  La Tille Farm would also be an ideal site for a number of reasons.  Other farmers in the area surrounding La Tille would benefit from witnessing first hand a functioning micro-hydro system and being able to discuss it with another farmer whom the system is benefiting.  Also, Mr. Joseph mentioned that his farm was off-grid.   This is an added impetus for the adoption of the technology.  Mr. Joseph also expressed a strong interest in setting up and maintaining a micro-hydro unit to power his farm. 

It is our hope that, in the near future, the implementation of micro-hydro educational programs will prompt a widespread interest in and adoption of the technology amongst St. Lucian’s.

5. Recommendations
 There are three main areas for continuation of this project.  The first is continued research.  One way in which to progress this project would be to expand the information on which it is based by doing more measurements of head and flow and computing more site specific potential energy.  Another topic of interest would be the calculation of a system cost for a given site and an estimation of the payback period for the initial investment based on energy cost savings.  These payback period calculations could help to promote micro hydro from an economic standpoint.

Increased public awareness is another important step for the continuation of this project.  This goal could be achieved through awareness campaigns and through the establishment of a demonstration site for a micro hydro unit.  Much can be said for the effect that viewing new technologies can have on there perceived functioning and potential success.

A final method for the continued success of this project is through the fostering of partnerships.  The University of Vermont has an established relationship with the Government of St. Lucia but partnerships need not end at this level.  Contact has been established with Sir Arthur Lewis Community College and community members as well.  These partnerships provide a space for interchange with peers with local and diverse knowledge bases that are working on similar issues.  Students at Sir Arthur Lewis are providing continued local action in these areas and a stronger partnership with this College could be extremely beneficial for our combined goals.
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