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FOREWORD

The Egyptian Electricity Authority (EEA), United States Agency for
International Development (USAID/Cairo), and a group ot U.S. eoasultants fornm
a team respousible for conducting filold rtest demonstr-rion pcojects for eleven
renewable energy applications; in Fovpt. These dennastiration projects {nclude
the use of photovoltatc, wind and solar thermal systens fov water pumping, ice
making, desalination, industrial process heat end grid connected clectrlelny

generation. The specific objectives of rhe 4-vear program are: (1) to demonstrate

var, (2)Y &0 comprehens ively

Pyl

the viabllity of renewable cnerey technolopies in ©
strengthen Egyptian technleal and fnst!tulional capabiilcles da the tull spectrum
of renewable energy planning and deeis!on m;king, and {3) to estublish the
Infrastructure necessary to ensure tha: rencwable eneray tachvolocfes, whitah

have proven successful, are available ror wlidespread vee in Egvpt.

Three of the eleven potential field test demonsiration projecis are wind
energy system applications. FEach of thne fleld *ests conralns scoven generic tasks:
Technology Review, Application Review, Conceptual Desinn, Preparation of a State-
ment-of-Work for a Tender Documurt, Proposal Evalvation, Supervision of Hardws o
Installation and Parformarice Fvalua:ion. The Conceptual Design for one of
these three field tests, a grid-conno.ted wind Tavm, {5 presented in this
document. The proposed wind farr is slted neat Ras Chareb on the Red Sea and
will consist of multiple, interconnccrad turbines with a total peak power of
approximately 250 kW. The svstem iy desipgned Fe operace in a fuel-saver mode
for an exdisting power station and provice electvlelty to aa existing transmission
grid. This document 1s Subtask 3.11.3 of the field rest requirements uander

Contract AID 263-123C~00-4069-00, Task Area 3.
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1.0 EXESUTIVE SUMMARY

This document presents the conceptual design for Field Test #11, a 250
kilowatt wind farm at Ras Chaveb on the Red Sea coast. The general concept of
the wind farm is to generate olectricity that will be fed into the exlsting 6.6
RV grid at Ras Gharcb. In this manner, the wind fars s essentially being used
in a "fuel=saver" mode, L.e. the oil and sasfired turbines current!ly used to
senerate electricity will have rhoir run-time reduced because the wind-sonerat.d
electricity will meet part of the Ras Ghareb demand.

The resnlts of this conceptual Jdesign stiay to size the wind farm and to

provide specifications for a tender Jocument and 4 SWSLOR acceptance test ared

dimately 400 kKilowatts rated power

o Maximmn stizo of P
o Minilmmm size of r

approstmately 290 kilowatts rated power

o Turbine availability of 90 poy

o Minimnm annual encrew nraduciion of 625,000 Kilowat t-hours

[t should be noted that the ssecification for a minimum annual energy
production will by revised {or the release of a statvment-of-work in a tender
document based on an updated wind resource nssessment praovided by Battelle
Pacific Northwest Laboratories.

The candidate wind farm conceptualized in this document consists of f{ive
50 kKW wind turbines interconnected through a single control box that generates

11

®ilowatts of power at a rated wind speed of approxinately 15 meters/second.

1o
o
O

One possible turbine uses a 6.7 meter (22-foot) [ixed piteh rotor, the simplest
and most reliable rotor desizn option. To work pifectively, the {ixed piteh
rotor must operate at a relatively corstant specd.  This can b achicved bv
coupling the rotor to a 3-phase iaduction generator Lied divectly into the
utility line power (after aecossary protection switchzear are used).

The wind turbine in this examnle cmplovs two separate braking systems to

greatly reduce the possibility for a single failure to cause a hazardous situation.

Tip speed brakes are emploved that automatically limit rotor specd to negate an



overspeed condition. The speed brakes are deployed mechanically by centrilfugal
force associated with an overspeed condition.  The primary braking system.
however, 1s a two-stage electrodvnamic brake.

The five turbines can be mounted on 30 foot (24.4 moter) ralvanized,
self-supporting, steel lattice towers, however, care must Ye taken to insure that
the tower can withstand the apparontly corrosive environment at Ras Chareb, This
type of tower is a reasonable compromiie between case of maincenance, cost, and
potential for local fabrication in future installations throuphout Epypt.

An engineering cost estimate for this possible wind farm 1s presented in

Appendix A.









turbines (wind farm) intercoanected with a local electrical grid distribution

system. The Epyptian Electricity Authority (EFS) and USAID/Cairo established
that the peak capacity of the wind farm should be approximately 250 kilowatts.
)

The proposed locetion for the wind farm was the village of Ras Chareb on the

Sulf of Suez across from the soulbiern in of the Sinati, approximately 320
kKilometers from Coiro (Appeadix B).  The system sizing and specific location

for this field test were based on a prelundinary analvsis of regions ia }

-~

Bypl
where stable local eorids and an historteatly vood wind resource co-exiated.
Theso factors were favestiyvated in detail during a site visit by personnel from
the EEA and the the U.S. Project Team on Mav 14-15, 198°.1  An analvsis of the

application based on data obtalned during the sito visit is presented in the

Field Test #11 Applicat<on Review submitted on February 5. 1986.
Pl ) s

2.4 Intent of the Coaceptual Desien

7n o subtask evolves from activities in support of the

&

The Conceptual Lesi
Application Review, the Technology Review and the {identification and quantification
of system performance specifications, and hardware specitlcations where appropriate,
which will become a major portion of the Starement—oi-Work. The Annual Operatiag
Plan (AOP) for the REFT Project, dated Ma- 1985, specifies that the conceptual
d2sign activities "establish techaical abjectives, develup a system design data
base, and screen candidate svstem degigng to establish a svsten sizing and
vperating baseline that satisfies slte-specific operational, enviroamental and

user requirements.’

1 15 attendance for the U.S. Project Team were Peter Borgo of Meridian Corporation
and Seyoum Solomon and David Tvler of Louis Berger International, Inc. 1In

attendance for the EEA werc Eag. Mohamed Mitvally El-Saved and Eng. Nag!l Gowli.

A

Discussions were held with Eag. Thrahim Aly, the Area General Manager for the

General Petroleum Company (CPC), Eng. Wahid Madboulil, a manacer 1n the Elecirical

Engineeriag Department for GPC and various members of thelr stafrs

Y

on



Specific subtask statements in the AOP specify that the conceptual desisn
shall:

o Develop site specific energy source profile and application specific
load demand provile

o Define hardware pervformance and envirommental specifications

o Conduct svitem sizing and performance trade-off analvses

o Specify monitorin: instrumentation requirenents.

These tasks were complueted as part of the Application Review and
Technology Review activiticos, in conjunction with visits to the U.S. of Egvptian
enginecrs from the EEA and the Goneral Petroleum Company, the future operator
of the wind farm. Elements of the conceptual decion descvibed in this documonc
appear in the Apolication Reviow and the Technalopy Review submitted in February
1986 as follows., Appropriate data from these documents will be included in the
Statement-of-Worl (SOW) for this fiold test.

o A site specific energy sourse profile and an application specific load

yer

demand profile are included in the 1 I Application Review
i !

Hardware performasce and eavironmental specifications are included in

s}

'

— . . - . .
the T 211 Application and Fechnolory Neviows
} .

O System sizing and trade-ofy analyses are summarized in the Application
Review for FT #11 {ram dJdata published as a separate document in August

1985

o Field test monitoring instrumentation requirements are included in
the Technology Review for ¥7 #11 and Appendix € of this document.
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region. If wind power is a viable altornative eaergy source, the EEA would
re-allocate existing gas turbine generators to balance regional electricity

generating capacity as wind generated power comes on-line.

3.3 Size and Stability of the Local Grid

A large, stable power peneration/distribution grid exists at Ras Ghareb
which sheuld be able to intorface with a 290 kilowatt wind farm. There also
appears to be sufficient flexibilivy in the exilsting power seneration mix to

incorporate wind systems as thev come on-line.

3.4 The Wind Resource at Ras Ghareb

There are two major historical sources of wind characteristiecs data for
the Ras Chareb areca whicl indicate an average wind velocity of 6.4 {4 month
average) to 7.3 (annual average) meters/ second. This is a sufficient wind
velecity for the generation of clectricity using wind turbines.

In general, a wind resource is very site depeadent, hoth spatially and
temporally. Therefore, it is very important that wind velocity data be validated
and collected as near to the actual turbiae site as possible and for an extended
period of time. In support of Field Test #11, USALD/Cairo has contracted with
Battelle Pacific YMorthwest Laboratories to conduct a wind resource assessment
of Egypt. Measurements have boen reeosrded no the proposed wind farm site since
March 1985. These data will be analyzed for a period of oane vear.

For the period April - September 1985, these data indicate an average wind
speed of 9.2 meters/second at 10 meters above ground level and 9.5 meters/
second at 20 meters above ground level. This is an excellent wind resource and
ls comparible to areas in California where commercial installations of wind

turbines are found.



3.5 Availability of Proven and Reliable Commercial Systems

Due to the Intermittent nature of the wind, the generation of elecericity
from the wind will vary considerably with time. As a result, wind generated
electricity should supply only a small percentape of a4 given load. In general,
the size of a wind farm is asually lisited to betwsen 10 and 15 pevcent of a
user's load demand.  For the Ras Ghareb application, this results in a wind
farm with a peak power of approximataly 250 to 400 kilowatts.

A preliminary wind farm conceptual design siziag study was completed in
August 1985, Based on the results of this study and consideration of the
overall REFT Project objectives, it is proposaed that the first wind farm field
test demonstration in Egypt be an installation of a2 reasonab lo aumber of inter-
connected and commonly controlled turbines connected to an existing electrical

frid. Therefore, the Ras Ghareb wind farm should consist of between 5 and 15
wind turbines vach producing between 20 and 65 kilowdlts pealk power for a total
of between 250 and 400 kilowatts.

ALl of the hardware systems raquired to complete a grid-connected wind

farm application are technologically mature, of proven operation and commercially

available,

3.6 Salient Issues and Heeods

The proposed wind farm site at Ras Ghareb is located along a ridge line
at an elevation of approximately 42 rmeters above sea lovel. The site s in a
treeless coastal desert region and prasants an unobstructed view to the prevailling
northwest winds. Site preparation in the form of civil work to level the site
will be required. An accesz road capable of transporting heavy cquipment
(turbines, towers, cement trucks, cranes) will also be required. A soil analysis
should be completed as soou as possible to provide data on soil strength so

that an assessment on the specifications and cost of the road can be made.



Also soil strength data will be required prior to the ptoparation of the
statement-of work so that bidding contractors can accurately cost the turbine/
towar foundations.

A key factor in the sucenss of a wind farm field test demonstration s

the ability of

the host orcanization to successfully aporate and maintain the
svstom.  The GPC engineers and techinicians are accustomed to maintaining large
rotating wmachinery, both mevawatt simne aas turbines and numerons diogel cugines,
They also have installed and zontinue to maintain their own ~lectrical transmissio

grid, including transformers and switeh grar.  With sufficiont training, which

el

is a part of this field test, it is nxpreted that GPC personnel could operate

and maintain a2 wind farm.

3.7 Status of Agreements and Responsible Agencins

An agreement has been sicned be SEA and QPG resarding responsibilitios
and approval for the wind farm at Ras Ghareb. A review of these agreemants
betwesn USAID, the EEA and the GPC shonld be undertalken to insure that the
decision to proceed or not with this finld test is basod on an accurate appraisal
of the existing situation as specifind in this Conceptual Hesign document.  This
includes concurrence by all parties that the field test as sprcifinad in the Fiald
Test #11 Application Review is adcceptable, that all :esponsibilities of participant
are clearly specified and understood, and that requirad site preoparation and

civil works can be comploted in a timely fashion,

3.8 Conclusions and Recommendation
The findings in the Fiold Test #11 Application Review support a strong

recommendation to proceed with this [ield test demonstration.  All the necessar

<

criteria for a successful wind farm installation appear to be satisf{ied at the

Ras Ghareb location as follows:

10
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5.

The curvent and {uture elestricitv needs of the Ras Ghareb region

arc supplied b a stable

250 kilowatt wind farm.

The wind revource s exc

a 20-meter hetlsht Trom

System hardware that is

nume routs 5000 e

There does not

the wind system hardware at

Appear to be

There appears to be a cadroe
By the local GPC operations

maintain the wind{arm.

Recommendation

1.

prid that

el lent,
Aorid

proven

should be able to accept a

ave vy neters second at

9.6

through Seplteaber

Ao i
aging:

per
1985
available from

and relia“le is

any difficulty in siting and installiag

Ras Ghareb,
of engineers and technicians
that trained to

emp loved

can he operate anl

A grid-connected windfarm of approximately 250 kilowatts should be

designed, purchased and

installed at

Ras Ghareb.
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5.0 CANDIDATE CONCEPTUAIL. DESTIGN

5.1 Design Approach

In August 1985, engincers from Meridian Corporation, the EEA and the GPC
conducted a joint analysis to investipite the desired aize and estimated energy
1 1

ne objectives of th

production of a wind farm a! Ras Ghareb that would satisf{y t! {

LS

field test.? The study methodolory vas to evaluate the performance of wind

turbines manufactured by dffferent U.S. companies {n the wind resource woasuraed

at the Harbor Statisn at Ras Ghareb Lu 1983. The evaluation wias performed

using a wind system performance computer model developed by Meridian Corporation.3
A wind farm sizing Tinitation of berween 10 and 15 perceat of a base--

Hne load demand suggests a uaximun wind fam size of approximately 4G5 Filowatts

for Ras Ghareb. A more coascrvative size would be 10 perceat of the averase

proiimately 250-275 kilowatts peak. This

i
H

expected minimum power demand or ap
limitation will be iavestigated far the Ras Ghareh application by careful
monitoring of the voltage ani frequency stability of the grid during this field
test as wind generated power is Iatroduced.

Using the singular measure of peak kilowatts of wind penerated power is
not always sufficient to determine the effect of a wind farm on a particular grid
distribution system. An equilly important parameter is the level of energy in
kilowatt-hours that is introduced into the distributicn system at any givea time.

For example, a 10 percent wind caergy component of a power generatinn mix (based

2 Estimated Power Production From a Wind Farm at Ras Chareb, Egypt, August 1985,
Egyptian Electricity Authoritv, General Petroleum Co. and Meridian Corporation.

“Wind Energy System Performance Modei-lisers Manual,” March 1983, Meridian
Corporatian.
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on peak kilowatts) can have a large impazt on total energy nroduced (in kilowatt-
hours) during periods when there is a low load demand and the wind veloctty

is high. Consideration must be given to the level and varitability of a relatively
continuous baseline load demund for a spocific application when the wind svstem
component is heing sized,

In summary the results of this conceptunl design study are:

o Maximum size of approximately 400 kilowatts rated POWE T

o Minimum size of approsimatels 250 Kilowatts ratod power
o Turbine avallabilite of 90 aoreent

i
N 9

o Minimum annual oneroy produet ian of 625,000 Lilowatt-hours

[t should be noted that the specification for a minbmum annual energy
production will be revised for the release of a statement-of-work (S0W) in a
tender document based on an updated wind rosource assessment provided by Battelle
Pacific Northwest Laborartorics.

Additional factors in the conceptual design approach are the consideration
of the performance and enviroamental specifications that the svstem hardware
must meet and the method to be used for a s¥Ystem acceptance test,  The fo'lowing
are specifications that influcnce the cenceptual design.  They will appear in
the Draft-For-Comment copy of tha SOW.

Energyv Production and Systen Acceptance Test

Energy nroduction from the wind firm must pe demonstrated by operation
of the wind farm with on-site contractor prrsonnel for an acceptance testing
period of 30-days after it iy desiznated operational bv EEA/USAID.  This desiznation
will be based on the contractsr's certification that the wind turbines and
control system are operational and the EFA’s certification that the interconnect
with the existing grid is completed.  The wind farm must achicve a 90 percent
availability during the system acceptance test,

In addition, daily encrgy production for each turbine during the continuous

l4-day period must be no less than 90% of the manufacturers prrformance estimate



provided in che proposal. The performanze comparison will be based on measur.d
average daily wind speed for cach applicable dav during the J0-day porfermance
prriod. A curve such as that shown in Exhibit 5.1 will be used to compar» the
minulacturer’'s performancse specitication for oach turbioe with the measured
power production,

Coatral Svstem

The wind turbines shall smplov fail-safe controls to protect the roter
from oversperding in winds greater than its raped speed. The contiol syst.m
shall provide for automatic starting whea che wind speod reaches cut-ia velocivy,
The control system shall also vrovide f{:i automatie restarting wvhen the  wind
spead drops bolow the cut-out value. A manual control ‘or shutting the machine
down to allow for system maintenanse and repair shall be a part of the control

svstom,

Electrical Tolerances

The following tolerances must be mot to be deliver powrr of acceptable quality:

Frequency 50 Hertz + 0,57

Voltage 3830 volts + 0.57

Pownr Fac'or Minimum of .20 Lagning (approximately
Lhe averaze powey factor
at ireb)}

Harmonics Maxin of the fundamencal

Electrizcal Interface

All electrizal conneclars and terminals tacluding slip rings must have
high resistance to temperatur., dusty and corrosion., 0Other factars such as
lightning arrestors, and safety foatures (broakers, fuses, wtel) must o
compatible with EEA olectrical codes and be losated at around level for wasy

operation and maintenanca.

6
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The system design shall include installation of utility lines and/or

conduit pipes to the point of conneclion to the existing lines, including all

transfomations from Jistribution to utiliszation voltage as may be requirved,

Site Plannineg and Canstruct{gq

The system desiyn shall indicate minimum soil conditions which are
necessary for the propesed design of the foundations, earthwork, and drainage,
and methods to prevent or wminimize orosion.

Yavivonmental/Cliw

ie Conditions

The proposed wind farm will operate in the wind, temperature and humidity
conditions specified below. The desipn shail describe in detail measures thac
would be taken to protect all hardwar. installed in an enviromment of airborne
dust and sand and a salc spray typicai of avarshore applications. Measares to
protect hariware for a sulphur onviroment that causes moderate to severe
corrosion to unprotected and simple salvanized m;talﬂ shall be part of the
system designs. ALl parts shall be certified to withstand these conditions far
the 25 year life expectancy.

o Wind: The wind turbine shall operate in wind speeds from any direction
of up to cut-out wind speed for the turbines proposed,  The turbine and
tower shall be capable of withstanding wind speeds of up to 54 meters/
second averaged over a period of 15 minutes.

0 Iiﬂﬂﬁiiiﬂﬂﬂwﬁﬂﬂgﬂ: Amhient air temperature range of 0 to 45 degrees

centiprada,

o Humidity: up to 957

5.2 Operating Cencept

The geaeral concept of the wind farm is to soaoerate electricity that will
be fed into the existing f.5 KV srid at Ras Ghareb. The proposed wind farm is
rid at

small enough (250 k¥ minimum, 400 LW maximum) to interconnect with the

g9
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a single point {Exhibit 5.2). Each tm‘binn has its separate control instrumen-
tation. Care must be exerzised ta incorparate suffisione olectyical protection
devicns in the interconnect to isolate oach pare of thne systom in case of failurae
along the line.  Protective relavs wiiich sonse parameiors sueh as voltage
current levels, {requency and phase Sequence o the power line must be used to
protect the turbines, transfarmer, transmission lines and maintenance porsonne].

A system control and porformancs monitoring svstem is also required
(Exhibit 5.3).  The porformance wonitoring svstenm is indepead it of Ehe tarbipe
contral systenme A failure in the monitoring system must not .'1ff-*ctl';h" overall
oprration of the wind farm. Specifications for this system are included as
Apprndix C.

Generators used in wind turbines are one of thywee standard types:
svnchronous generators, commounly reforrad to as alterrators: induction grnerators;
ar direct current (DC) generators. Sronchronous generiators (alternators) produce
an AT voltage at a fraquency that is proportional to shaft speed.  Even with
rotor speed regulation there will still be anough of 1 variation in {roquency
and phase to prevent counnection of an alternator directly to tle utility grid,
Thus the altarnator is allowsd to turn at Aifferont spoody, producing a variablo-
frequency output.  The alteinaton output i then rectifiod, converting it to
DC. The DC is f+d to a synchronous inverter, at a line frequency output that
can be connected directly to the utiltity orid, With this con{iguration the
nead for a transmission to coanect the rotor and genarator is eliminated and
the alternator can be conneetad dirncely tn the rotor. A diagram of this
configuration is shown in Exhibit 5.4,

An industion generator is woll sujted for grid connnccod applicaticns,
They are selfi-rogulating, in adiusting to varying torcues and load conditions,
and can ac” as motors {o: startiog. A pisture of this system 15 shown in
Exliibit 5.5. As a roesult of thaoiy simplicity of desisn, operation and control

19
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Exhibit 5-4
DIAGRAM OF A WECS USIHNG A SVNCHRONOUS ALTERNATOR
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most grid-connected wind farm applications currently use induction gonerators.
The typical induction generator, without power factor correction, will have an
average power factor ol 50 to 65 percent when it ig oporated over varying power
and speed conditions. With the use of a capacitor bank, which is an integral
part of the power generation section, the average power factor can be increaseoed
to 85 percent or wreater. This would “e an acceptable vaiue {rom a vtility's
point of view.

The final method wsed for generating utility grade AC power is by using a
DC generator with an inverter. The generators wsed in such agplications are 3-
phase brushless alternators. For design simplicity a standard inverter is
located on the sround adjacent to the wind turbine. A DC voltage rvegulator is

required to maiatain a consistent input voltage to the inverter. This arrangement

is shown in Exhiibit 5.6,

5.3, System Configuration
5.3.1 Turbine Specifications and Performance Parameters

The candidate conceptual wind farm for this exaniple consists of five 50
kW wind turbines interconneet od through a single control box that generates 250
kilowatts of power at a rated wind speed of approximately 15 meters/second.
Exhibic 5.7 presents specifications of a typical wind turbine system.

Many possible turbines use a C{ved pitch rotor, the simpleost and most
reliazble rotor design option. To work ~ifectively, the fixed piteh rotor must
operate at a relatively constant speed. This can be achieved by coupling the
votor to a 3-phase irnduction generator tied directly inton the utility line
power (after necessary protection switchgear are used). Induction generators
contain no slip rings or brushes and no rotating windings. They are very
relial le wiih an operating efficiency typically over 90 percent.

A typical turbine uses 6.7 meter (22 foot) rctor blades which are con-

structed of wood laminates and e2poxy resin and covered with fiberzlass. The


http:approximate.ly

SYSTEM

Tvpe Utility Inrerface at 50 Hertz
Output Power & Windspead 30 kW at Lom/s (22,4 mph)

50 ki at la.75 w/s (33 mph)
55 kW oat 2406 m/s (55 mph)

Axis of Rotor Horizontal

Location of Rotor (with respect to tower) NDownwind

Humber of bladwes 3

Rotor Diametor 13.4 m (44 o)

Centerline Hub Holight 25.0 m (82

Seatem Weisht (loss towerp) L, 815 kg(4,000 1hs) (approx.)

ty 1,

Total Sveren Weight (including 24.4 m

i )

! tower) (80 ft.) 4,550 kg (10,000 1lbs) (approx.)

[

i

| PERFORMANCT PARAMETERS :

|

! Cut=-Tn Wind Spead 3.8 m/s (8.5 mph)

| Cnteone Wil Speaed 25 m/s (55 mph) - 60 sec, averagae
| Survival wind Speed 54 m)/s (120 mph)

Iostart-up Wind Spoed 5.8 w/s (13 mph) - 60 soa. average
} Shut-Down Wind Spaad 4.0 wls (9 mph) = G0 sez. aver g
|

|

Fxhibit 5.7 Typical Wind Turbine System Specifications
result is a waterproof, non-corrosive structur.e that will resist changes in
humidity, rot and insect damage.  The turbine can be a free-y »w, downwind type
and use three rotor bladaes,

The wind turbine in this example employs two separate braking systems to
greatly raduce the possibility for a singles failure to cause a hazardous situation.
Tip speed brakes are emploved that automatically limit rotor spend to nngate an
overspeed condition.  The spead brakes are deployed wezhanizally by centrifuzal
force associated with an overspeed condition. The doployment of any two of the
three tip brakes will limit rotor speed to safe limits in any wind condition.

The primary braking system for the turbine is a two-stage electrodvnamic
brake. The first stage is an AC dynamic brake which lowers the frequancy of
the.generator, thereby forcing it tu slow the rotor and convart rotational
energy to electrical energy. The socond stag2 is a disc parking brake which
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engages a few sceconds after the dynamic brake bringing the rotor to a complate

stop.

5.3.2 Possible Wind Farm Lajyout

The layout of a wind farm must take into accouat the nature of the
prevailing wind, the site topography and turbine epazing and towar hoight
(Appendix D). Por the proposed Ras Ghareb site, the wind is from the north and
northwest over 95 percent of the Cime.%  The golected vidge line s unobstrusted
to the prevailing wind and apprars to have a uniform flow along the ridge at a
30-meter hoight,?

The topography of the site indizates that sice preparation in the form
of access reoads will be minimal. The distance to transmission lines is on the
order of two hundred meters. Tt is still beneficial to group the turbines as
closn as possible to minimize interconnection wiring and aczess roads. Exhibit
5.8 is a possibie layout {or the concentual wind farm.  Turbine spacing in a
direction perpendicular to thae prevailing wind should be at least two rotor
diameters, in this case approximately 26.8 meters (32 feoet).  In the downwind
ditection, turbine spacing should bhe approximataely 10 rotor diameters to avoid
wake effacts, in this case 134 meters (440 forot). 6

The turbines can be mounted on 24.4 moter (80 foot) galvanized, self-
supporting, stuel lattice towors (Exhibit 5.9), Howaver, care must be taken to
insure that the tower is adequately protected in the apparent corrosive environ-

ment of Ras Ghareb. Salection of a tower is often made when a turbine is

selected because turbine manufacturars have towers designed specifically for

4 Egyptian ind Resource Asseusment Projezt, Interim Site Data Report, April-
September 19855 Battelle Pacific Horthwest Laboratories; January, 19§6.

5 Kite Ancmometer Studies at the Proposed Ras Ghareb Wind Farm Site, Battella
Pacific Northwost Laboratories, February 8, 1986.

6 Metecrological Aspects of Siting Large Wind Turbines, Battelle Pacific Northwest
Laboratorins, January 1981,

~y
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TOP PLATE TO BE SUPPLIED BY
TURBINE MANUFACTURER

pe—

4

TOWER HEIGHT » 80 FT

iy,

-
W
(o)
o~
-
W
o
o~

X
X
X

XX

X

- —=f— SLOPE

4 A-BOLTS (12 TOTAL)
1Y% DIA. 48" LONG <

ASTM A-188, GRADE B7

CHANGE

TOWER DESIGN LOADING

WIND LOAD = 58 P.5 F. W/E L.A STANDARDS
THIS TOWER IS DESIGNATED TO SUPPORT

THE FOLLOWING LC~ DS

[

ELEVATION TURBINE ; PROJECTED
(FT) TYPE AREA (SF)
82 50kw WIND TURBINE 17
(2°ABCVE
AFEX)
THIE TOWER IS DESIGIIED
TO SUPPORT A MAXIMUK
LATERAL THRUST OF 6800
LBS5. AT TOP OF TOWER.
DESIGN NOTE:

TOWER DESIGH BASED OK STATIC LOADING CONDITIONS
ONLY. HARMONICS AHOD/OR DYNAMICS HAVE NOT BEEN

CONSIDERED.

Exhibit 5.9 80 FOOT LATTICE TOWER DESIGN DETAIL
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the turbine system weight and dynamic loading stress, Many manufacturers will
offer different types of towers however. This tower is a reasonable compromise
between ease of maintenance, cost, and porential for local fabrication in
futur. installations throughout FEgvpt.

The tower can be installed on two types of foundations; a concrota slab
or "mat" foundation and a pier=type or "boll" foundation. trample foundation
details are given in Exhibits 5.10 and 5.11 for an 24.4 meter (80-foot) tower.
The "Ceneral Notes" in the exhibits spuecify that the foundation design assumes

"normal soil" conditions. Spuecific soll conditions Tor the Ras Chareb site

must be analyzed before foundation specifications can be completed.

5.4 System Performance

System performance of the wind turbines will be measured in accordance
with system acceptance test requiremcnts that will be specified in the field
test statement-of-work. These requirements were summarized in Section 5.1. As
an example, the monthly power production for a 40 kKW, 60 hertz wvind turbine was
estimated using a computer system model and 9-months of actual measured wind
data at & height of 10 meters abowve gprount level at the proposed Ras Ghareb wind
farm site. Results are gilven in Exhibit 5.12. Approximately an 18 percent
increase in power production over that shown could be expected with a 50 kW, 50
hertz wind turbine.

Capacity factor for the candidate wind turbine 1s the ratio of the
kilowatt-hours produced given che measured wind speed to the kilowatt-hours
that would be produced at rated wind spead for the same time period. Also note
that the candidate wind turbine produces 9.4 percent more power in the actual
wind frequency distribution at a 10 meter height at Ras Ghareb than would be

expected if the wind speed was Raleigh distributed (140,488 kilowatt—hours

versus 128,37] kilowatt-hours).
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Month Kilowatt-hours Capacity Factor ()

April 11,697 41
May 15,397 52
June 20,297 71
July 19,369 65
August 18,257 65
September 19,589 68
October 16,605 59
November 10,671 37
December 8,604 29

frsed on Actual Wind Velocity
Distribution (10 meters AGL): 140,488 54

Based on Raleigh Distribution
of Wind Velocity 128,371 49

Reference: Battelle Pacific Northwest Laboratorles

Exhibit 5.12 40 kW, 60 Hercz Wind Turbine Performance at Ras Ghareb
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APPENDIX A

Engincering Cost FEstimate



The engineering cost of a wind farm at Ras

specific turbines installed, the

requited, and the exteat of civil work required for access

following cost estimat  is bhased

The

t:»’ fer?

1s dependent on the

)

Ghareb

of tower used, the size of rhe foundat ion

roads and intercornect.

onoaverdage costs of a rangse of similar

equipment and the following assumptions:

ae Freight cost for

S3, 600,

Forpt is

per o systen.,

b. Tower foundaticas require
cubic ward,

c. Local labor required for
at $1.92 U.S, per heur.

d. Cost for U.S. contractor

one A40-{oot

Tarbine and tower shisment requires

shipplng container from the U.S.A. to

one container

50 cubic yards of concrete at 359 .5, per

tnstallation is 24 man-hours per machine

supervision is $400 U.S. per day per machine.

Enginecering Cost Estimate (250-260 kW Wind Farm)

Acquisition :
(Turbine, Tower, Controls)
Transportation :
Foundations :
Interconnect :

(Trans former, Cable
Conduit, Labor)
Local Labor :

(one “urbine ner davy)
f )

U.S. Supervision
(one turbine per day)
p )

IQEPL Cost:

Annual Q&M Cost™:

* Based on 1985 California Wind Farm

SxEO ki 4xH5 kW turbines

turbines

5217,500 $264,000

$ 18,000 $ 14,400
$ 14,750 $ 11,800
510,600 510,600

$ 230 $ 184

<N

2,000 S 1,600

$263,080 $302,584

$ 7067 5 7561

experience of $0.01 U.S. per kilowatt-hour

generated (90 percent availability),
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SITE TOPOGRAPHIC MAP
RAS GHAREB, EGYPT
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APPENDIX C

Instrumentation Requirements
and Spezifications
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SPECTFLCATIONS FOR A FIELD TRST INSTRUMENTATLIN SYSTEM

The Renewable Yaergy Fiold Test instirunentalion svstem will be gsed to
monitor IPH, PV and wind eonoray system installations at mban and reomote dosort
Locations in Sgvpt.  These coergy systeas inzlude maln power som zes (solar
Totlestors, PYoarravs and wind turbines) as well as amzillary subsvstoms

depending on specific fiald tose applications,  These subsvstoms inslude jae-

king cquipment, desalination sYstems, a variety of load charact 1istiecs
ranging from small DC loads to grid-connezted appltications and back-up pownr
svstems (diesel ongines and battaring),

The dastrumentation svstom must be a stand-aloane system.  Failure of the
Pnstrumentation systom must not affoct Lhn prriormance of the [iold test svsten
that is being monitorad., The instrumentation system aust have an on-site data
storage system that i1s non-volatile anld zapable ol wdsy phvsizal removal and
transport to another location 91 data removal and lonu-term storaze.  One form
of the non-volatile storage system must be a microchin/ EPRCY o1 CMOSEAM - Type
svstem that zan be "milked” on-site casily and withont Jdange: of a4 Loss of data.

The instrumontation System must be g microzomputor basod Jdata logeer with
progr mmable input channols and cutput formats both analos and digital,  The
user must have control oveg sampling frequency and ontput peviod for w»ach
channel. The capability to muliplex some of the channels is also required,
Primary desizn objectives for the instrumentation svstem should be roliabilicey,
simplicity, small size, low pow2r and the ability to operate in onvironmental
Prtraomes as specified (wspecially high temperatare, sand/dust and tropizal/sea

coast). The unit must be zapable of stand-alone battary operation for a period

of at least one month, preferably for two months.



The following minimum specifications are toquired for the instrumentation
system. T an exception must be taken to one ar moro of thrso raquisoments,
the exception shall be noted and a clear 2xplanation given as to why the
bidder believes that the 2xzeption should be acceptable to thae pur chasar,

Phvsical Spncificationg

o Small, stand-alone, self-contained system in an environmental enclosur.

o Desired weight:  less than 10 pounds
o Desired size: le-e than 10 inches x 10 ineches x 6 inches

Svstem Power Requirements

o Capabin of operation using self-contained batteries

© Capability for the use of an external powrr source to allow continued
collection while chancing batteries is desirabla,

o Capable of transient protection £1om spurious »lectrical charges or
lightning.

Environmental Specifications

o Ambiant Temperature; =25 deg. C to +50 deg. C
0 Relative Humidity: 0 to 90 pereent non-condensing

© Imprervious to a tropical, oceanside eavironment with occasional high
airborne sand/dust and/or sulphur levaels

Analog Inputs

Number of Channels: At least 12 channels
Voltage Measurement Types: Differontial or single-ended
Accuracy of Measurements: at least + 0.5 percent

Range and Resolution: Sole~table for any input channel from microvolts
to several volts full scale

Sample Rates: At least once per second for wach channel
Multiplex capability: at least four channels

Pulse Inputs

Number of Pulse Counter Channels: at least 4 channels

C-3
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Analog and Digital Control Outputs: a total of three resettable channels
is desired with a range of 0 to + 5
volts with a 0.5 volt tesolution

Multiplex capability: at least three channels

Output Sigznal Interface

Memory:  Capable of storing at least 3000 data points prr day for a period
ol one month (two months desirable)

Display: A visual display of stored data is required on-site for data
verification betore data 1enoval

Peripheral Interface: Downloadin: of data at the site should he by physizal
temoval of the data storaze device or simpla,
reliable daca downloading to a non-volacile storage
devico,  Storage data [iles shall be [BY-PC compatible
on floppy disc wigher Jdi teztly from the data log
or through a simple, fasc, reformatting technique,

oor
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FIELD TEST PERFORMANCE MONITORING DATA REQUIREMENTS

Field Test #11 (Wind l'arm)

Channel Output
Parameter __Type Interval
Turbine Power (kW) 1 10 min,
Genevator Voltage (volts) A 10 min.
3 4 Generator Current (Amps) A 10 min,
Frequoanzy (Hz) A 10 nmin.
Reactive Power (VAR) A 10 min.
Pownr Factor A 10 min.
Rotor RPM (Rev/min) P 10 min.
Numbet of On-off Cycles (Turbine) P Daily
Meteorological Station

Channel Qutput
Parameter Type Interval
Horizontal Insolation (kW/m2) A 10 min,
Plane of Array Insolation
(if appropriate) (kW/m?) A 10 min.
Ambiant Temp. (°C) A 30 min,
Humidiey (%, A 30 min.
Alr Prassure (kgrms/m2) A 30 min.
Wind Speed (m/soc) A 10 min.
Wind Divection (degraes) A 10 min.



APPENDIX D

Schematic Layout of
Wind Farm Location
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