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From Barriers To Success

Hydroelectric Development In St. Vincent

When the Colonial Development Corporation – later known as the Commonwealth Development Corporation (CDC) took over the public electricity supply in the early 1950’s they thought it wise to introduce the renewable energy option of Hydropower, as there was an abundance of untapped water for mini hydropower generation. 

CDC introduced Gilkes designed turbines; two 225 KW Turgo Impulse Turbines in 1952 and, one 330KW Turgo Impulse turbine in 1954 on the Colonaire River at the Village of South Rivers to assist them in their rural electrification drive on the eastern side of main land St.Vincent.

This allowed the electricity supply to be extended on the eastern coast from Georgetown in the north southward and on the western side from Layou southward.

By 1963, the Richmond Hydro power plant was completed with two Gilkes designed 550KW Turgo Impulse Turbines. These two hydro power plants allowed the electrification of the Northwestern sides of main land St.Vincent.

The Cumberland Hydro Project was completed in 1988 adding 3.9MW of ‘clean’ power to the grid on St. Vincent.  These were Neyrpic design Francis Turbines, one 1450kW, two 600kW and two 490kW installed capacity.

Why Hydro?

· Rising Fuel Cost: Lessening our vulnerability on OPEC price dictates.

(Cumberland was built in the ‘High Oil Price’ 1970’s and 1980’s).

· Cheaper Source of Fuel – Free for the taking 

· Economics 

· Indigenous Resource – lessen the susceptibility to, industrial actions at oil fields, ports and shipping, international / middle east embargoes and wars.

· Tried and Proven Technologies – (Interestingly, the island has colonial windmill grinding experience).

· Environmental Concerns.

· Government Policies.

Installation
· Hydro Installation and Dates:

(a) South Rivers
2 by 225 – 1952

1 by 330 – 1954

Total 0.78MW

(b) Richmond
2 by 550 – 1963

Total 1.10MW

(c) Cumberland
1 by 1.46MW – 1987

2 by 0.64MW – 1988

2 by 0.48MW – 1988

Total 3.69MW

(See graph showing % Diesel and % Hydro installed capacities).

An Overview of The Cumberland Hydro System

The South Rivers and the Richmond Power plants are ‘run of the river’ systems, which means that only a portion of the river flow is diverted for power generation. There is however a difference between these systems namely, in the Richmond system, the diverted water enters a settling tank before entering the pipe enroute to the turbine; this allows most of the silt to settle at the bottom of the tank. The rate of flow into the tank (once filled) is equal to the rate vented to the tailrace. Therefore, the extra water that was diverted from the river falls over a special spill way and returns directly to the river.

Apart from the settling tank, the South Rivers Hydro system has a balancing tank, which allows this station to be used as a peaking plant. This is done by reducing the load on the sets and thus reducing the amount of water being used by the turbines, this allows for the inflow of water from the river to fill the balancing tank whist the turbines are running at ‘light’ loads.

The Cumberland River is a fast flowing mountain stream, which originates from over 600m above sea level, and traverses 10km to the sea.  Its gradient at the various intake locations varies from 1 in 6 to 1 in 16. 

The project develops 303m of the lower 320m of the entire river in three stages over a distance of 6km.

The Cumberland Hydro System has three (3) separate powerhouses.  They are:

· C1 –This houses one unit U1 with a 1.46 MW capacity.

· C2 –This houses two units U2 and U3 each with a 640 KW capacity.

· C3 –This houses two units U4 and U5 each with a 490 KW capacity.

The uppermost power pant C1 is fed from diversion weirs located on separate tributaries at Hermitage and Convent.  At Convent a concrete storage tank with a capacity of 11,000m³ provides flow regulation capacity to 3 hours at maximum plant discharge.

Each powerhouse can be run ‘locally’ that is start, stop and put on load. However, starting and stopping of the sets are normally done remotely from the control station C3. Each powerhouse can operate as ‘run of the river’ system or, the whole of Cumberland (the three power houses) can be seen as ‘run of the river’ system. C1 tailrace is C2 intake and C2 tailrace is C3 intake. At C2 and C3 intake, make up water is drawn in from the Cumberland River, allowing for the turbines down stream to be able to generate at their rated capacity.

The Cumberland Hydro system can and do operate as a peaking plant especially during the dry season (this is usually from January to May each year) or at other times of the year during periods of low rainfall. Probably the most critical limiting factor as far as power generation is concerned, is the other use of water from the Cumberland river for drinking.

Over the last ten years, water from this river has been increasingly removed at approximately 500 meters above VINLEC’s ‘tap-off’ point.
Investment Costs

· Project involved building of Hydro Plant, Transmission Lines, sub-stations and Power Loss Reduction.

· Total Project Cost EC$104.6 million.

· Cumberland and T&D Plant EC$54.6 million.

· Cumberland EC$47.9 million or approximately $13,000 per kW.

· At the time of the Project it was stated that oil should be at US$32 per barrel for it to be feasible.

· However, it was very successful as the savings from the loss reduction programme saw losses moving from more that 26% to a single digit.

Intermittency of Supplies 

When there is sufficient water (in the wet season) all plants are ran full load as base load plants. As flows reduce plants with no storage tank, that is, those that run directly of the available flow off the river will reduce their output to match available water. Those with tanks, according to the system’s generation ability, will operate in one of two modes: Their load will either be reduced to match available flow and stored capacities or they would be run as peaking plants. As peaking plants they would either be shut down or their loads reduced to allow the tanks to replenish, then run full load during the peak. 

Richmond ‘Runs off the river’ while Cumberland and South Rivers both have small tanks.

Pipeline damage is the major cause of hydro initiated supply interruption. This is caused either by blowouts that are more prevalent in the older lines or by land slides which could knockout potions of the line. Incidents of either are rear especially if the pipeline and its surrounding are properly maintained

Occasionally, Intakes are blocked by high deposit of silt, stones etc during heavy rains. Clearing would then have to be done by earthmoving equipment and manually in more restricted areas. 

Blocking of trash screens, clogging of turbine blades or even shearing of protective turbine blades pins, would reduce the plant’s output but would not interrupt the supply.

Grid Interconnection Issues

From a network perspective: Since the cost of transmission lines is expensive, in most cases 11kV distribution lines are also used as transmission lines to take the power from the Hydro Station to the load centres.  Therefore a fault on the distribution line means that you loose the generation from that Station.  This is the case with Richmond and South Rivers.  However, the power provided by these stations is so small that there are no major problems on the system.

In the case of Cumberland it is connected via a transmission line.  When Cumberland is at its peak it is over 20% of the maximum demand, therefore loosing this line can cause a system collapse as more than a fifth of your generation will be lost.

Resource Requirements 

The quantity and quality of water is highlighted:

· A constant medium flow is ideal for our hydro plants. Seasonal low flows are not productive and most of the water is wasted at high flows especially in the absence of large dams / reservoir.

· Water void of trash and debris is preferred. They block water from entering the system and could cause pitting/cavitations in the turbine case and blades. 

Power Purchase Requirements

VINLEC was registered as a private company owned and operated by CDC.  Today the Government of St. Vincent and the Grenadines owns 100% of the shares.

· While a private individual can generate electricity, he/she cannot sell to anyone.  As such, VINLEC has monopoly to sell electricity in St. Vincent and the Grenadines.

· VINLEC is not adverse to power purchasing agreements however such agreements should not leave VINLEC at a disadvantage.  It would not make sense to purchase wind-generated energy at the cost at which we now produce power, since we will still have to install other means of supply to provide a reliable service when the wind is not blowing.  In short, the cost at which VINLEC will purchase seems to be its avoidable cost.

· Similarly we will have to look at the power quality issues with any Independent Power Producers (IPP) who would like us to purchase power.

Barriers To Growth

· Limited resources. The island is a mere 132sq ft with steep narrow valleys thus little water is trapped and the runoff is fast. A solution would be to contain the floodwaters in dams but the installation cost of such would not be competitive.

· The Forestry Department in St. Vincent has reported a 10% decline in forest cover over the last 10 years. That is the effects of illegal farming in the highland areas. Forest cover directly influences the quantity of rainfall, the retention of water in the watershed areas and the moderate run offs into the rivers and catchments. If such practices are not abated there will be no water for hydro generation in the future.

· Competing interest for available resource. There is increase reliance by a number of different agencies for the limited water resource. The Central Water and Sewage Authority (CWSA) is constantly expanding their intake to meet the increasing population demand for pipe borne water. 

· Irrigation is becoming a major player as farmers try to increase their yield per acre of land.

· Location of rivers with substantial flows. Providing the flow is substantial enough as remoteness has never being a hindrance to hydro development. But rivers too near to the volcano have their problems. 

· Three projects were identified for further study. Wallibou which is very close to the volcano, South Rivers’ expansion and Richmond’s expansion – however it is uncertain if they will be economically viable using crude oil price of $23.00(US) per barrel.

· Instability of riverbeds. Some of the riverbeds have a loose small stone sandy terrain, which the water effortlessly erodes. Structures (weir) built in such areas have been completely washed away within 10 years. Geological unstable riverbed.

· Weirs built in other areas frequently become heavily silted because of extensive upstream farming and poor soil conservation methods. Heavy silting blocks water from entering the Intake and clearing it increases the maintenance cost.

· High cost of operation of these small manned stations increases O&M cost. Question: Is it economically feasible to have a fully manned operation that can only supply approximately 4% of your peak demand? 

Future Plans

· Operation optimization?  Institutional strengthening of Operation Department with the introduction of an Operation Engineer and more qualified staff. This would enable a more scientific and economical approach to operation planning and procedures.

· Partnerships with forest stakeholders to curb deforestation and manage water shed areas. Vinlec, along with other stakeholders in forest resources are making a consorted effort to reduce the deforestation rate from 3% per annum in 2002 to zero by 2005 and 40% forest coverage by 2010. Although the water resource is free, without proper forestry management now and in the future, reduction in flows and the cost of conservation could render hydrogenation unfeasible.
· Upgrading Hydrometric network provides data for planning & optimizing operations. Trending current rainfall and runoffs with historical data would enhance the ability to predict and plan for future production.

· Further automation of the stations. Richmond had the ability to automatically adjust load to match available water. Two of the Cumberland stations can be fully controlled from the third Cumberland station. Contract has already been awarded for a SCADA system that would allow monitoring and some control of the three hydro installations from our diesel station.

· Seeking financing of a ‘Hydro and other renewable energy’ feasibility study. There are still a few rivers with some electricity generating potential. We do not know how micro hydro projects will fit into our mix, however it is expected that the proposed study on Hydro and Renewable energy will look at how these can fit into VINLEC’s generation system.

