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A WIND POWER CASE STUDY
 

Introduction
 

The following exercise is designed to expose the type of renewable energy
 

technology selection situations common in developing countries. It is an
 

attempt to simulate the country's decision process at one or more points in
 

time to identify, why decision makers need and how they use technology and
 

other types of data. Hopefully, this admittedly brief and cursory exercise
 

will help integrate the last two weeks lectures and experiences and will demon

strate the importance of what we have been considering.
 

The country chosen as the base for this simulation is in the Caribbean and
 

is, in fact, now in the process of deciding whether or not to adopt wind powered
 

electrification on a large scale. The data we will use will come in part from
 

this country. However, it has been necessary for completeness and to add con

trast to the study to invent information and create positions for the major 

participants which do not accurately reflect the situation in this country. For
 

this reason, the exercise should not be used to represent or judge actual condi

tions or institutional positions in the Caribbean. Extreme views and positions
 

have teen emphasized to make it easier to identify potential conflicts.
 

The classroom exercise used will involve dividing into four groups. Each
 

group will represent a typical participant in the technology selection process.
 

The typical participants in technology selection are:
 

o The central government, usually the Ministry of Energy
 

o A utility, usually the country's electricity corporation
 

e A major financial institution, a Development isank
 

o A wind turbine supplier, usually the manufacturer
 

Each group will adopt a predefined position and attemr to influence the
 

final technology decision along lines favorable tn their position. The group
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position is described in the attached handout materials. Each group will
 

negotiate according to the following simplified schedule:
 

Groups 
 Purpose of the Negotiation
 

Equipment Supplier and the Government Convince government that it needs
 
and can afford wind
 

Utility and the Government Convince utility to accept wind power
 
and agree upon size, location and
 
timing
 

Major Lending Agency and the Convince MLA to finance effort
 
Government
 

Utility and the Equipment Supplier 
 Agree upon cost, warranty, and
 
technical details
 

The following paragraphs summarize the existing situation and 
give a general
 

description of the position of each participant.
 

The government has a feasibility study recommending a grid connected wind
 

turbine d2monstration (a portion of this feasibility study is presented in the
 

background and following pages). 
 They feel wind electrification should be
 

considered and are anxious to a
initiate major technology demonstration
 

project. Their concerns 
and issues they wish to resolve include cost, replica

bility, risk of failure, visibility of demonstration, credentials of supplier,
 

balance of payments impact, regulation implications, and the possibility of
 

attracting a manufacturer to build a factory on the island.
 

The equipment supplier has a copy of the feasibility study and data from
 

othei Caribbean cointries. 
 The supplier feels that the Caribbean is a large
 

near term market, although he does not yet have any installations there. He
 

desires to make a rapid sale and quickly capitalize on this advantage with
 

other sales. His concerns and the issues of importance include liability,
 

arrangements for installation and operation, sale price, criteria to be useu 
to
 

evaluate project, long term market potential, costs of his services and payment
 

arrangements.
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The utility also has the feasibility study, but they are not convinced of 

the potential for wind electrification. They have adopted a conservaLive atti

tude and, although they are willing to consider a demonstration, they are, for 

many reasons, not sure it is time to demonstrate an "unproven technology." 

Their concerns and the unresolved issues include, impact of the demonstration on 

the grid and their day-to-day operation, cost to them, reliability, risks, 

control of wind turbine during demonstration, warranties, equipment disposition 

following demonstration, legal questions and the impact of this demonstration on 

their major diesel based expansion program already underway. 

The major lending agency (MLA) has financed other renewal)le energy techno

logy demonstrations, but has not yet developed a thorough understanding of these 

technologies or the energy field. They are in the process of setting overall 

policies for how to handle this area. Their concerns and interests include level 

of government and utility contribution, assurance of proper engineerinq, instal

lation and operation, the contractor selection process, replicability, impact of 

this demonstration on their traditional lending programs, balance between the 

loan and grant component of financing package, etc.
 

Negotiation Procedure
 

One member of the teaching staff will work with each group to assist in the 

negotiation and serve as an advisor to clear up misunderstandings, etc. The 

negotiations will be guided by the positions and sets of concerns described in 

the handout material and each negotiation will take 15 minutes. The participants 

should attempt to come to an agreement on each concern or, if this is not possi

ble, at least to identify the nature of the disagreement. At the end of the four 

sets of discussions, the training staff will summarize the process and use 

examples from this case to emphasize some of the major points presented during 
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the week. A general discussion of the exercise will terminate the presenta

tion.
 

Country Background
 

The country is in the West Indies Island chain in the Atlantic Ocean. It
 

forms a part of the archipelago of islands stretching from approximately 483
 

km off the northern coast of South America to North America (see Map IA and 

IB). Its surface geology is mainly reef limestone, but sedimentary formations
 

outcrop on the north end side of the island. Rising steeply from the ocean,
 

it reaches a maximum height of 340 meters at Mt. Hallaby. There is a ridge
 

running north-south along the east coast of the island. It is fringed by a
 

coral reef system and the water depth increases rapidly reaching 200 meters,
 

2.5 km from shore. The tidal range is low with a maximum rise of 0.6 meters.
 

The island was settled by the British in the IEOOs, and during the early 

years, tobacco, cotton and other small crops dominated the economy. With the 

introduction of sugar cane in mid 1600, the economy and the society as a whole 

changed and sugar became the mainstay of the economy. Since then, the economy 

has broadened its base from only sugar to a number of sectors with manufactu

ring and tourism accounting for almost 25 percent of the GOP, while sugar 

amounts to only approximately 5.5 percent (see Table I-i). 

The country has enjoyed representative government since mid 1600 when 

it had its first parliament. In the mid 1900s it became an independent state
 

within the British Commonwealth with the Governor-General being appointed by
 

the Queen. There are two houses of Parliament. Their Senate consists of
 

elected members. The Prime Minister is the leader of the political party
 

holding the majority of the elective seats in the House of Assembly and his
 

ministers form the Cabinet and conduct the day-to-day business of governing.
 

There are approximately 500,000 people in the country.
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Table I-1 
GROSS DOMESTIC PRODUCT BY SECTOR 

Sector $000's 
Sugar 61,000 
Other Agriculture & Fishing 
Mining & Quarrying 

45,000 
9,000 

Manufacturing 129,000 
Uti lities 18,000 
Construction 88,000 
Wholesale & Retail Trade 226,000 
Tourism 134,000 
Transport, Storage & Communication 
Finance, Insurance, Real Estate 

70,000 

& Business Services 135,000 
General Services 46,000 
Government Services 179,000 

TOTAL 1,140,000 
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Wind Resource Description 

The wind data for the country provide a good base for generalizing. 

There are, or have been, four long term wind measurement stations and there 

have been several studies which have provided additional information. The 

location of the existing wind stations is noted in Map I-B. Records for 

both stations cover the period 1959 to the present, A third station was at
 

Codrington, between CMI and the airport and operated from 1903 until 1960. 

A fourth station at Gibbons Bog was operated in the 50's and 60's, but has 

only partial records for selected hours during the day. Table 11-2 presents
 

a summary of wind data for the three stations with more complete records. 

The data in Table 11-2 show a remarkable seasonal constancy of wind 

with the lowest average winds being found in September throuqhl November. 

The seasonal and yearly averages at CMI are less than the other two 

Table 11-2 

MONTHLY AND SEAONAL VELOCITY STATISTICS 
IN METERS/SECOND FOR SELECTED PERIODS
 

FOR WIND MEASUREMENT STATIONS 

Codrington (1903-1960 CMI (1971-1979) Airport (1971 & 197-8T 
Month Season Month Season Month Season 

Month H' Low Average Average Average Average Average Average 

Dec. 7.3 3.8 4.4 3.7 6.3
 
Jan. 7.3 3.4 4.9 4.8 4.1 4.3 5.3 5.8
 

Feb. 9.1 3.7 5.1 4.5 5.8
 

Mar. 8.5 4.0 5.2 4.4 6.1
 
Apr. 8.86 3.6 5.1 5.2 4.4 4.5 5.5 6.0 
May 7.9 3.6 5.3 4.7 6.3 

June 9.4 3.8 5.6 5.2 6.8 
July 9.1 3.8 5.1 4.9 4.7 4.6 6.0 5.9
 

Aug. 6.8 2.8 3.9 4.0 4.9
 

Sept 5.4 2.4 3.4 3.6 4.5 
Oct. 5.2 2.5 3.3 3.5 3.6 3.5 4.6 4.7
 

Nov. 6.6 2.9 3.6 3.3 5.0 
AVERAGE 4.6 4.2 5.6
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stations. This is likely due to the location of CMI being the most leeward
 

of the three; however, it is very similar to Codrington. All three stations
 

are located on the leeward side of the island and thus do not represent the
 

highest wind locations. They do, however, reflect the general pattern of
 

winds and are typical of seasonal and diurnal variations found elsewhere. 

Figure II-B shows mean hourly wind speed for a single winter and summer
 

day at two locations in the north of the island. Both plots show data from
 

elevations of 8 meters AGL and depict excellent wind velocities. The two
 

sites show average winds always above 8 m/s with daytime maximums exceeding
 

9.5 	in both places.
 

During July and August of 1968, a U.S. University conducted short term
 

wind 	 evaluations and produced the streamline and isotach analyses shown in 

Figures II-C and II-D. The figures show a good correlation of wind speed
 

with 	 topography. Aver ige wind speeds also diminish as you go inland in the 

direction of the wind (from the west). The island-wide daytime wind profile
 

shown in Figure II-0 defines two areas of high winds: in the south and west
 

(the Clifton iloll, Groves and Cottage area) and in the north, near the North
 

Plant and Sedge Pond areas. In both of these areas, the wind exceeds 6 m/s
 

at 8 	to 10 meters above the ground. Figure II-E contains additional data
 

and analysis of the wind regime.
 

The above overview indicates that with respect to wind velocity condi

tions are very favorable for use in generating power and performing work. 

As an example, assuming a 200 KW machine located at Springhead (see Map 1-B) 

with the rotor centered at 55 feet AGL or at 850 feet ASL and with the winds 

blowiing one-half the year at the summer profile and one-half the year at the 

winter profile (shown in Figure II-B) the potential for wind generated elec

tricity at this site can be calculated. Also, assuming no down time and 
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that the turbine output is as shown in Table 11-3, the total output for the 

year would be approximately 500,000 kwh. These are obviously not the exact 

conditions to be anticipated; however, the analysis does indicate the 

maximum general level of power to be expected. In fact, this one machine 

would have supplied approximately 0.2 percent of the island-wide electricity 

demand for 1979. 

A 200 kw wind turbine operating at design output every hour of the 

year, could produce 1.75 GWH of electricity per year. The turbine used for 

comparative purposes in this report (Table 11-3) produces only 0.5 GWN or 29 

percent of the theoretical maximum per year under the assumed conditions. 

The low efficiency is caused principally by the relatively low wind speed at 

the assumed site in relation to the rating of the selected wind turbine. 

The 200 kw turbine selected for use has a 200 kw output at approximately 

13.4 M/S wind velocity. As can be seen from Figure II-B, the medium wind
 

velocity at the site is close to 9 M/S or 66 percent of the rated speed. 

Because turbine power output is proportional to tile wind velocity cubed, a 

33 percent decrease in speed will cause a much greater decrease in output. 

The turbine used in this study has an extremely high optimum wind velocity 

rating. Other manufacturers are beginning to produce machines with rating 

in the vicinity of 10 M/S. If a 200 kw turbine rated at 10 M/S was used, 

the output would be much higher (more than double the present 0.5 GWH/year). 

Therefore, it is possible that a more realistic estimate of the contribution 

of an efficient 200 !,w wind turbine would be 5.0 percent of the total 1979 

island electricity use. If this were the case, 6 such machines could have 

supplied up to 30 percent of the islands electricity.
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Table 11-3
 

CALCULATED ANNUAL OUTPUT FROM A 200 KW 

3 BLADED FIXED PITCH WIND TURBINE 

Average*l Rated Hours*1 Output*2
 
Wind Velocity Output At Velocity KWH/Year
 

M/S KW Per Year
 
(1) 	 (2) (3) (4)
 

10 83 360 29880
 

1170 87750
9.66 	 75 


72 910 65520
9.33 


9.0 	 61 770 46970
 

57240
8.66 	 54 1060 


3030 145440
8.33 	 48 


43 1460 62780
8.0 


-- 8760 495580
TOTAL 


*1 Figure II-B
 

*2 Column 2 times Column 3
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Wind Future
 

The major direct use of wind energy on the island which appears
 

feasible in the future is central grid electrification. By 1985 at least
 

one year's data on large (200 - 300 kw) grid connected wind turbine
 

operation will be available. It is not likely that any other major wind
 

projects will be considered before this time. A wind resource assessment
 

will be completed by mid-1982 and the availability of these two data sets 

will make the 1985 - 1990 period one of actual application of wind powered
 

electrification. Assuming that prices for various power systems in Table
 

111-1 are accurate, it is evident that wind power can be economical.
 

Because of this and the excellent wind regime on the island, it is only a
 

matter of time until sooe level of wind electrification is adopted. The
 

rate of adoption will be dependent o the following:
 

o 	 Results of the IDB financed wind turbine demonstration projects, 

o 	 Cost of wind turbines in 1985, 

o 	Cost of oil and natural gas and the ,ize of island oil and gas
 
reserves,
 

o 	 State of the utilities generating equipment and the need to 
replace existing generating equipment, and 

e Availability of capital to purchase wind turbines.
 

It is not possible to know answers to the above; however, it is reasonable
 

to 	assume that the results of the demonstration will he favorable, the cost
 

of 	turbines will be below the figures in Table III-1, the oil and gas situa

tion in the world and on the island will not have improved, the utility can
 

replace up to 20 percent of its generating capacity with wind turbines, and
 

capital will be ..	 Under these circumstances,
,ailable to finance this. 

during the period between 1985 and 1990, a maximum of 36 MW of wind turbine 

generation capacity could be installed. This assumes that by 1985 the 
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generation capacity of the utility will be 142 MW and the installed capacity by 

1990 will be 181 MW. The total number and sizes of individual turbines will 

depend on some of the factors mentioned above; however, if turbines cost 

approximately $800 per installed KW, the total cost would be over $29 million US. 

This scenario proba- bly represents the maximum adoption rate, and the major 

barrier to achieving this will likely be the availability of capital and the 

desire of the utility to con- tinue to use existing generators until they have 

been completely amortized and in poor condition. Another barrier is that
 

purchase agreements have likely already been negotiated for diesel generators for 

some of the expansion and these may not be reversible.
 

The utility will probably wait for the planned 12.5 MW generator purchases 

in 1984 and 1986 to buy wind turbines. If this were done, 25 MW would be 

installed by 1987. This would constitute approximately 16 percent of the 

installed capacity. At $800 per installed KW, this would cost approximately $20 

million US. 

If this percentage were increased to 20 percent hy 2000, the total installed 

wind turbine capacity would be 54 MW. The total installed generating capacity is 

assumed to grow to 142 MW by 1985, 181 MW by 1990, and 268 MW by 2000. This 

scenario calls for the following acquisition program for wind turbines: 

Projected Needed Total Installed Wind 
Year Wind Turbine Capacity Turbine Capacity 

1984 12.5 MW 12.5 MW 
1986 12.5 MW 25 MW
 
1986 - 2000 29 MW 54 MW
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Table 111-1
 

ELECTRIC POWER COST ESTIMATES
 
(1981 US Costs, Except as Noted, Delivered to Major Consumers)
 

Capital Total
 
Cost 1981 Fuel Cost Power Cost
 

Fuel/Generator Type $/kw 4/kwh 4/kwh
 

Small Decentralized Diesel
 
(1980) 800 10.9 13.2
 
(2000) (a) 800 13.5 15.8
 

Large Coal-Fired Central Station 1000 2.7 5.2
 

Large Imported Oil Fired C2ntral
 
Station 

(1980) 800 5.5 7.5
 
(2000) 800 8.0 -

Single Small Nuclear Unit 2200 1.0 7.4 

50 Kw Wind Turbine (b) 900 1.35 (c) 9.2
 

200 Kw Wind Turbine (b) 800 0.9 c) 8.1
 

Central Grid Electricity (d) - 8.5 17.0 

(a) Crude oil prices taken as $70/bbl in 2000.
 

(b) Calculations made using existing wind turbine prices for the 50 kw 
machine. The 200 kw machine price was taken from a recent proposal 
by a ma:or wind system supplier. Because the price was for a U.S. 
system FOB factory and was not a quote, it may not he an accurate 
estimate of actual costs. 

(c) O&M costs of $1,500 per year for 50 kw and $5,000 per year for 200 kw;
 
there is no fuel.
 

(d) Current (May, 1981) fuel adjustment and electricity charges for 
domestic customers on the island. 

Source: DSI calculations
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Other uses of wind between 1990 and 2000 will depend on the government's 

and the utility's attitudes towards stand-alone and on-site power generation by 

others than the utility. For the purposes of this study, it is assumed thats 

there will not be a large amount of individual use of wind power for pumping or 

electricity production. It is also assumed that the government will not create 

laws which require the utility to allow individual to connect wind energy 

system to the grid and sell their excess power to the utility. 

Utilities generally do not credit wind generators with supplying firm 

power capacity. This is because they cannot guarantee that the wind generator 

will always operate. If there are periods of no or too little wind, the 

utility must have access to firm generating capacity to meet their peak demand. 

Utilities generally credit wind generators only with fuel savings credits. 

This discounts the value and economic contribution of wind turbine signifi

cantly and makes it very difficult to economicilly juntify much wind powered 

electrification. 

In many systems around the worid, more recent studies now show fairly 

substantial capacity benefits, however, these results are highly system 

specific and depend on: 

o size of the utility and daily, weekly and seasonal load variations 

o wind speed and duration; 

a reliability, type and size of wind machines, and 

a number and location of wind machines. 
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APPENDIX A
 

GOVERNMENT
 

Position:
 

The Ministry responsible for energy matters has been convinced by the
 

feasibility study that wind powered central grid connected electrification is a
 

viable alternative for the island. Furthermore, officials in the government are
 

anxious to exploit, as soon as is feasible, any indigenous energy resource.
 

Their ever rising oil import costs are a serious burden and have a very negative
 

effect on the economy. The government (Ministry of Energy) has no wind expert
 

and they must rely on consultants for advice. Because the government has
 

granted an exclusive 90 year right to the utility to generate electricity on the
 

island, they must negotiate with the utility as to the details of the demonstra

tion. The islands economy has been experiencing a downturn and the government
 

would like to initiate bold and innovative new programs to pep up the economy. 

The government would like to diminish or eliminate its subsidy for electricity; 

the price charged users is less than the costs and the government assists the 

utility to pay its costs. In spite of this desire, the government does not wish 

to publicize that they are subsidizing electricity or to have known the value of
 

this subsidy. The goverov:ient does not want to substitute one type of foreign
 

exchdnge user (imported technology) for another (imported oil) and thus, wishes
 

to have the wind turbine supplier initially assemble and later manufacture all
 

or part of its equipment on the island. The government would also like to have 

the project paid for with a grant or very low interest loan from a major
 

development bank.
 

The government would like to purchase the least expensive and most reliable 

on
wind turbine available. Because they do not have a wind expert their staff, 

they are looking for a well known company to supply the turbine. They may in
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fact trade off economics for a "big name." The government also wants to demon

strate the type and size of turbine that will be most applicable on the island 

and in the Caribbean. They hope that success and visibility will bring them
 

publicity aj well as opportunity to serve as the center for the Caribbean wind
 

industry.
 

The government wants to assure success of the demonstration and have 

results quickly. They do not want to look bad to the public or to other 

Caribbean nations. They are especially concerned about safety and want to be 

assured by the utility and the supplier that there will be no injuries due to 

equipment failure. They want the utility to adopt wind electrification as 

rapidly as possible and want to be sure that they understand and are involved in 

all the demonstration activities. The government also wants to minimize their 

costs for the demonstration. There are several major lending agencies which the 

government can deal with including IDB, AID, CDB and IBRD. They have not 

decided which one is best, but are leaning towards IDB because it offers the 

most "condition free" arrangement. 

The government wants to encourage the private sector on the island and is,
 

thus, also interested in involvinq island entrepreneurs in the project if 

possible. They want the demonstration to include institutional, business,
 

market analysis, regulatory, legal and financial study components as well as 

technical and economic analyses.
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APPENDIX B
 

THE EQUIPMENT SUPPLIER
 

Position: 

The WTG manufacturer is a promoter of wind energy who is interested in 

making a sale today. Suggestions of delaying the project until more information 

is gathered on the wind resource and energy requirements are labeled by him as 

"academic exercises." As a matter of fact, he considers the installation of 

only one WTG as an impedement to the rapid development of wind energy and 

proposes to install at least five, 200 kw, WTG's. 

He assures the other three groups that his WTG is perfectly suitable, in 

its present configuration, for the islands' environment. His stand on this 

subject is firm. 

Although the sale of one wind turbine generator does hold financial 

rewards, he is more interested in developing a long term market and limiting 

future competitiin from other WTG manufacturers by establishing a presence on the 

island. In order to do this, he is willing to forego an acceptable profit on the 

proposed project. 

In order to limit his liability, the manufacturer will only provide his 

standard warranty. Any extended coverage will be based on time, cost of 

materials, travel and per diem expenses. 

The manufacturer must ensure that he is paid in United States doll,'rs or an 

easily convertible currency and that he be able to take the money back to the 

U.S. without incurring any exchange control problems or penalties. The best 

solution to this problem would be the establishment of an irrevocable letter-of

credit at a U.S. bank. 

Due to his lack of construction experience in the Caribbean, the manufac

turer is worried about accurately estimating the installation costs. He will, 
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therefore, attempt to have the utility do the site preparation work, foundation 

installation, etc. 

The manufacturer is concerned about the success of the project in that it 

provides a vehicle for the demonstration of the virtues of his WTG. In addition,
 

by being part of a successful project, he hopes to establish a good relationship 

with potential customers (utility, government and lending institutions). 

In order to assure "success" of the demonstration, from his perspective, the
 

supplier would like to be involved in and be paid for operation and routine 

maintenance of the turbine. He is also interested in helping the government and 

utility in establishing project evaluation criteria. He is especially interested 

in seeing that his turbine is evaluated under the mnst favorable circumstances. 

The manufacturer is also interested in identifying installation, sales and 

maintenance talent and business representations. He would also like to be able
 

to influence government importation and licensing decisions in his favor. 
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EQUIPMENT BROCHURE 

GUSTY'S ENERGY & TECHNOLOGY - UNLIMITED 

Gusty's Energy & Technology - Unlimited (GET-U) is the worlds largest manu

facturer of wind energy conversion systems: 

- More wind turbine generators have been sold by GET-U than any other 
manufac Lurer; 

- More than 50 systems have been sold as of February, 1982; 

- Utility interconnection requests from our customers have never been 
refused;
 

- The GET-U line of wind energy conversion systems are the most reliable 
systems on the market today; 

- The GET-U systems average 99% on-line availability; and 

- All our systems are designed to produce a 240/480, 60 hertz output. 

PRICE LIST:
 

The current system prices are given below:
 

SYSTEM PRICE (FOB, GRINNEL, IOWA)
 

50 kw 
 US$ 75,000
 

100 kw 
 US$170,000
 

200 kw 
 US$300,000
 

INSTALLATION:
 

The above prices include all wind energy conversion system hardware (WTG, 

tower, controls). The purchaser is responsible for providing all excavation and
 

trenching, cable and any special equipment required by the utility for inter

connection. The purchaser shall also provide the services of an electrician to 

wire the system into the electrical qrid and hire a crane and crew for erection 

of the tower and mounting of the WTG on it. 
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GET-U personnel will be available to wire the WTG to its control panel and 

to supervise the electrician and crane crew. Purchaser will be billed for travel 

and transportation costs for GET-U installation personnel. The one year warranty
 

is contingent upon the acceptance of these conditions.
 

WARRANTY: 

All parts and labor related to repair or replacement are guaranteed for one 

year from date of delivery to Buyer and will be replaced or repaired without cost 

or charge to the Buyer if the part is defective. Seller will replace any parts 

which are defective, the replacement to be made at Seller's place of business in 

Grinnel, Iowa. The Buyer shall pay for all shipping charges relating to 

forwarding the defective part to Seller and for the return of the repaired part. 

Seller is not responsible for, and a part is not deemed defective, if damage is 

caused by misuse, lightning, either by direct bolt or feed-back from power 

company lines, or by known hurricane or tornado winds. 
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GUSTY!S ENERGY &TECHNOLOGY - UNLIMITED
 

SPECIFICATIONS
 

FIFTY KILOWATT WIND TURBINE GENERATOR
 
(50 KW WTG)
 

GENERAL DESCRIPTION: The Gusty's Energy & Tech ology - Unlimited (GET-U) 

50 KW ,TG is a two blade, horizontal axis, down-wind 

machine coupleo to an induction generator mounted 

on a 50 foot steel tower supported by a concrete base. 

The system is designed for utility interconnection 

without storage. 

PERFORIINCE: 

Cut-in wind speed (approximate) 

Cut-out wind sneed 
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4.0 m/s 
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ROTOR SPECIFICATIONS: 

Weight 1380 pounds 626 kg 

Diameter (approximate) 37 feet 11.3 m. 

Blade swept area (approximate) 1075 sq. ft. 100 m2 

GENERATOR:
 

Induction generator providing synchronous power for utility interconnection. 

Rated capacity 50,000 Watts 

Power factor (approximate) 90 % 
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GUSTY'S ENERGY & TECHNOLOGY - UNLIMITED
 

SPECIFICATIONS
 

ONE HUNDRED KILOWATT WIND TURBINE GENERATOR 

(100 KW WTG) 

GENERAL DESCRIPTION: 	 The Gusty's Energy & Technology - Unlimited (GET-U)
 

100 KW WTG is a two blade, vertical axis machine coupled
 

to an induction gernerator. The system is designed
 

for utility interconnection without storage.
 

PERFORMANCE:
 

Cut-in wind speed (approximate) 12 mph 5.4 m/s
 

Cut-out wind speed 60 mph 26.8 m/s
 

Rated output @ 30 mph 100 kw
 

100 

- -

60 	 

40 	 _ _ 

2011 7!Ii1 9** 
10 20 30I ¢ , 1 v'il 
4.5 F.9 13 : I 9 2 . 2..9 :j3 

WIND SPEED @30'
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ROTOR SPECIFICATIONS:
 

Weight 4390 pounds 1995 kg 

Diameter (approximate) 55 feet 16.8 m. 

Blade swept area (approximate) 291.5 sq. ft. 270 m2 

GENERATOR:
 

Induction generator providing synchronous power for utility interconnection.
 

Rated capacity 100,000 Watts
 

Power factor (approximate) 90 %
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GUSTY'S ENERGY & TECHNOLOGY - UNLIMITED 

SPECIFICATIONS 

TWO HUNDRED KILOWATT WIND TURBINE GENERATOR 

(200 KW WTG) 

GENERAL DESCRIPTION: The Gusty's Energy & Technology - Unlimited (GET-U) 

200 KW WTG is a three blade, horizontal axis, up-wind 

machine coupled to a synchronous generator mounted on 

a 60 steel tower supported by a concrete base. The 

system is designed for utility interconnection without 

storage. 

PERFORMANCE: 

Cut-in wind speed (approximate) 

Cut-out wind speed (approximate) 

Rated output @ 30 mph 

8 mph 

60 mph 

200 kw 

3.6 m/s 

26.8 m/s 
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ROTOR SPECIFICATIONS: 

Weight 5000 pounds 227 kg 

Diameter (approximate) 80 feet 24.4 m. 

Blade swept area (approximate) 5026 ft2 467 2m 

GENERATOR:
 

Induction generator providing synchronous power for utility interconnection. 

Rated capacity 200,000 Watts 

Power factor (approximate) 85 % 



APPENDIX C
 

UTILITY
 

Position:
 

The utility company on the island is totally dependent on diesel generators
 

for their electrical generation. The utility is currently undertaking an exten

sive expansion effort utilizing diesel generators and this program has strained
 

their current staffing and financial resources. For this reason, the utility 

wishes to limit their participation and will have to be reimbursed for any sub

stantial efforts in the wind turbine demonstration. 

The utility's pricing policies include a fuel cost adjustment which is 

passed on to the consumer. The fuel cost adjustment is determined by the 1970 

fuel cost of 3.04/kwh*. Todays charges to dr,,estic customers are a 

combination of a 74/kwh for the base rate and 104/kwh for the fuel cost adjust

ment. Therefore, from the utility's point of view, the wind turbine generator 

must compete economically with the 3.04t/kwh fuel cost built in to the 7q/kwh base 

rate rather than the present 134/kwh actual fuel cost (104/kwh fuel adjustment 

charge plus the 34/kwh fuel cost built into the base rate). 

The utility wi be interested in det.ermininq the performance of the wind 

turbine generator by monitoring such parameters as energy output, power quality 

of the supplied power, maintenance costs, etc. The utility will be extremely 

interested in how the installation of the wind turbine generator on their grid 

affects their operating and safety procedures and the reliability of their 

system. As a matter of fact., if the government, WTG supplier and the lending 

institution cannot demonstrate to them that the installation wi!] have little or 

no effect in these areas, the utility will refuse to allow the WTG to be tied to 

* All costs are in $US 
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their grid. If the utility does consent to the installation, they must have 

complete control of the WTG's operation at all times. 

The utility also would like to know who is expected to provide the land for 

the project. The utility currently has some unused land that might be suitable
 

for the project and would be willing to provide it if certain legal questions can
 

be clarified to their satisfaction. The utility will not accept any liability
 

for the installation. Therefore, the utility is not interested in owning the
 

equipment, however, they will concede this point if they are paid to insure and
 

maintain the system. The utility will not commit to operating, maintaining and
 

repairing the wind turbine generator after the project termination until they
 

have enough project data to determine if the wind turbine generator installation 

is.an asset-or liability to the utility. If the utility decides they do not want
 

to operate the wind turbine generator after the project termination, they would 

like the equipment remived from their land.
 

The utility has been granted a long term exclusive right by the government
 

to generate, distribute and sell electricity on the island. It is, therefore,
 

not in their interest to have an expansion program which is based on a risky or
 

nonconventional technology. Even though diesel generation requires oil importa

tion, it is well understood and "conventional." While the government owns a
 

large part of the utility, 30 to 40 percent, they do not have direct control and
 

the utility is expected to make a profit for its other investors/owners.
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APPENDIX D
 

MAJOR LENDING AGENCY
 

Position:
 

The bank has financed a number of projects in the Caribbean, however, this 

will be its first renewable energy effort. It has not worked with the utility 

before and its own policies on renewable energy are just being established. It 

does not have much money lent to the country and would even consider a grant for 

this project. Its in-house staff has cautioned that siting, design, construction 

and training are very critical to the success of the demonstration. 

The bank is especially anxious to have outside consultants prepare siting 

and design components of the project. They are also interested in participating 

in project evaluation activities. They will expect that contri-butions of money 

and inkind services be made by the government and the utility. They will also be 

very interested in having a detailed economic comparison of diesel and wind 

electrification result from the demonstration. For this, they will want an 

independent consultant employed and will expect that the utility make its records 

available for this study. They will also want the records and site open for 

inspection by outside visitors. They may also want the utility to account for 

the costs and gains from the operation. If there is a positive cash flow, they 

may require a fund be established to he used by the government to finance other 

wind electrification studies. The MLA is very much undecided in many of the
 

above areas, but they will adhere strictly to their traditional guidelines for 

loans and grants.
 



NEGOTIATION INSTRUCTIONS
 

A negotiation will start with an objective statement and set of expecta

tions for the negotiation. 

I. Identify issues and positions 
II. Determine if there are tradeoffs 
III. Look for decision-making which could benefit from a special 

IV. 
understanding of technology 

Define how a technologist should participate in the decision
making process 

ISSUES FOR DISCUSSION 

EQUIPMENT SUPPLIES - GOVERNMENT
 

A. Size and number of turbines
 
B. Contracting process 
C. Payment terms, costs and import limitations
 
D. Performance, warranty and safety
 
E. Long-term marketing, licensing, import guarantees or favorable terms
 
F. Accuracy of data on wind
 
G. Social, environmental and long-term impacts of WTG's
 
H. Credibility of WTG supplier and data on successes/applications elsewhere 
I. Possibility of assembly or manufacture in country
 

UTILITY - GOVERNMENT
 

A. Arrangements and sharing of responsibility
 
B. Performance, warranty and safety
 
C. Payment and cost sharing
 
D. Duration of demonstration
 
E. Siting, operation, maintenance and equipment disposition
 
F. Commitment of utility to make demonstration work
 
G. Record keeping
 

MAJOR LENDING AGENCY - GOVERNMENT
 

A. Government and utility roles and share in costs
 
B. Selection process, contracting and arbitration
 
C. Performance, warranty and safety
 
D. Participation of CARICOM and others
 
E. Extent of demonstration (social and environmental)
 
F. Tax, financial, import concessions
 
G. Demonstration evaluation procedures 

UTILITY - EQUIPMENT SUPPLIER
 

A. Warranties
 
B. Liability
 
C. Operation and maintenance arrangements
 
D. Cost data
 
E. Rights to information
 
F. Long-term negotiations
 


