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“I. “INTRODUCTION

There 1s 11tt1e doubt that as we ‘enter the let century

we Wlll

.}ave to rely heav11y on renewable resources for a'
ilarge part of the world's energy and chem1ca1 needs.n The

"resources We. have come to rely upon 011 natural gas,‘coal

{and uranlum are becomlng;more scarce, dlfflcult to use in’

ian env1ronmenta11y sound manner. Thus, over the past several
'years scientists and englneers, government officials and the
public have d1rected 1ncrea51ng attention to such renewable .
fenergy resources . aS'stolar w1nd, photovoltalc, biomass and
“hydro-power.

‘As the present energy ‘crisis has deepened many leaders
.have taken a second l%ok a w1nd energy as an alternatlve
'source of energy or at least in the 11ght of prov1d1ng some
fof‘thelr energy needs. All over the world, private enterprlses,
d1ndependent research organlzatlons, and un1vers1tres are
f1nvolved too in improving ex1st1ng technology and rap1d1y
developing new methods of harne551ng the power of the wind.
Their work ranges almost as far as the wind itself, from
developdng'moreveffiCient wind driven generators for use"in
1ndependent home systems or creatlng g1ant machines that may
_some day power ent1re c1t1es._ All of ‘this money and effort
‘is well worth 1t to develop such renewable source of power

to ensure the energy needs of future generatlons both near

and distant.


http:resources.as

rhe eneven heat1ng of the earth's surface by the sun
g1ves rlse to large and small scale motlons of the atmosphere
referred to as the w1nd The w1nd thus represents solar
energy temporarlly converted 1nto the k1net1c energy of the
a1r._ ThlS k1net1c energy is cont1nually replenlshed by solar
rad1at10n and cont1nually d1551pated by fr1ct10nal forces that
result in atmospher1c heat1ng

There are many p0551ble ways of extract1ng useful energy
from the wind. ~ For 1nstance, the mechan1cal power derlved
from w1nd turb1nes, wh1ch may very in. size from several feet
-to several hundred feet in d;ameter, can be used to dr1ve
—electr1cal generators or pump water or. a1r to perform other
useful work

The econom1c v1ab111t1es of all of these systems are |
strongly dependent not only on. such factors ‘as system re11;
ab111t1es 11fet1mes, costs and pr1ces of energy der1ved from

compet1ng energy sources, but also on the time d1str1butlon

of wind veloc1ty at the spec1f1c geographical locat1on chosen.

-]



I1.:; BRIEF CHRONOLOGICAL DEVELOPMENT OF WIND SYSTEMS

Persians
France § England -
Throughout Europe’r

Grandpa's Knob near_
Rutland Vermont

"Holland

*Heilend?Drainage“Mill'-

Russians’

Dawes.
British

French

Germans:

First known wind machines used to ‘grind:
graln predate the. Chr15t1an c1v1llzat10n;

Use of ‘wind energy " recorded 1n the

12th century

Use of w1nd energy ‘throughout Europe in
13th century

Second largest wind turbine ever built.
Concerned by Palmer Putnam. Ran from
1941-1945, when it was shut down after
a blade fa11ure

Large octagonal drainage mill or
polder mill, with-internal scoop.-
wheel built in the middle. ages.

Built in 1761, the Your blade windmill
is one of the m1115 of the Zype and
Haze polder.

100 kw wind turbine 'built in 1931
near Yalta on the Black Sea.

After World War II Danish Gedsar mill
wind-turbine with 200 kw rated power
at 33 mph wind speed was developed.

Designed‘by John Brown in Great Britain
on Cape Costa in the Orkney Islands;
100 kw at 35 mph rated wind speed.

Built and operated several large wind
powered electrical generators in the
period from 1958 to 1966. A unit of
this type was operated near Paris
from 1958-1963. It was designed to
generate 800 kw in winds of 37 mph.

Introduced a number of improvements in
the design of wind-powered generators,
including light-weight constant-speed
rotors that were controlled by variable-
pitch propellar blades. The units
operated successfully for more than

4000 hours during the period 1957-1968.



France

Americans:

A family of vertical-axis wind turbines
was invented by G.J.M. Darrieus in
France in 1920's. The Darrieus-type

Totors are 1lift devices and they have

relatively low starting tongues, high

tip-to-wind speeds and, their high

power outputs per glven rotor weight

~and cost.

Federal support is being provided to
the wind energy conversion system (WBCS)
program to accelerate the design,

.construction, and operation .of the large

types of WECS units (in MW, or more,
rated capacity). The first such system
was built by ERD NASA at Plus Brook,
Ohio, and was put into operation in
September 1975.



I.. WIND RESOURCE ASSESSMENT FOR GENERATING ELECTRICAL ENERGY

The thought of u51ng w1nd as an a1ternat1ve source of

'energy could be very attract1ve{ ,But 1n sp1te of 1ts many

advantages,*one should always be aware that wind energy
could only be pract1cal 1n a few well def1ned cases. Two'a

obv1ous pract1cal requ1rements are that it should be the

.- L T S —

least cost alternat1ve ‘source’ of energy and, secondly, that

the w1nd resource must be avallable at the site. : Most people

are very apt to bel1eve that they have plenty of W1nd

W1nd _energy prOJects this would lead to m1serable fa1lures

if it" is not true.

This section w1l& describe procedures for assess1ng
_w1nd potentlal glve an overv1ew of the sources and types
of wind data that are usually available, and comment on
1nstrument1ng a local 51te to gain knowledge_about 1oca1
winds.

The prlmary obJect1ve of any k1nd of w1nd resource
assessment is to determ1ne the energy (and power) that 1s
available in the winds. at a part1cu1ar 51te.d Once th*s 1s
determined, whether accurately or 1n a crude manner,glt 1s
possible to compare these values w1th one S energy needs.
Ana1y51s of th1s sort allows one to dec1de the s1ze of
rthe system needed for 2 desired functlon the storage
capac1ty that wou1d be necessary, or just 51mply whether
wind is a pract1ca1 alternative for their purpose. Before
going any further, let us quickly state some facts about

wind energy conversion systems.



Some Facts'About'Wind'Energy“Conversion'Systeggi

The majorvcomponents Or a Wind Energy Conversion System are;

"l, .The wind energy machine 1tse1f

2. A storage system such as a bank of batteries

3..~Convers1on dev1ces (mechanlcal gear bowes inverters, rectifiersf ete.)
5.

. An optlonal backup system such as a gas generator

"The amount of electricity that can be generated from a wind machine depends on;

1. tne amount of w1nd bJow1ng on it
2. The dlameter of the propellar
3. The 31ze_of the generator

4. The efflclency of the whole 'svstem

Some Considerations In Machine & Resource Assessment

: Windresourceconsiderations include:

l,_?Wlndspeed (annual and monthly averages)

2.'JPrevaillng wind dlrections

3,':W1nd shear (tendency of the windspeed to 1ncrease w1th helght)
4;f?Topography (nearby hills, valleys, trees bulldings, etc b

Wind machine'considerations include the folloving to the weather:

. Wind gust peaks
. Gale, hurricane, and tornado exoectations

. Ice, sleet hail snow, freezing rain

Lo B U T O

. Airborne contaminants (fly ash, cement dust, sand, salt water spray, etc.)



Wind machine considerations ‘also include

iSeparatlon dlstance to 1nhab1ted bulldlngQ

~8011 condltlons for foundatlon de51gn

.Selsnlc stablllty

‘Mlgratory blrds deer tralls,‘etc.

N DTWE N

Local’ soc1a1 legal and env1ronmental conditions

. Now that we have reviewed some facts about wind energy conversion systems,
it is necessary to increase our understanding of wind energy and'power.fiWe will

approach this subject by presenting some'relatioﬁshipsf

‘Enérgy'in'The'Wind

It is important to distinguish between emergy and power. Mechinical energy,
often called work, is measured in horsepower-~hours; electrical énérgy is ﬁeéédfed
in Kiiowatt-nours. Frower is the rate of doing work or the rate at which energsv
:i; transferred. Mechanical power ,is measured in horsepower. and electrical
‘power is measured in kilowatts. Electrical systems must be specified in terms
of both energy papacipyr(kw—hf)'énd pouer capacity (kw). We ﬁill first discuss
the former..

The theoretical energy available in the wind ‘is given by;itg'kiﬁetic‘ehéféy‘
ihs a result of the air motion and may be expressed as

xe = 3w
The mass bfwair in this case is proportional to the cross section, area of'the‘
irotating blades, hhere;

A='( ) | (2)

. \0
KE -i_,lll2-m(——)V



Translating thas kinetic energy to useful work, or power, ‘which can he done hy

the'invisible tube of wind in one second times the distance, v, through which it

2 ,
Power = (KE) (v\ ' =~:J,f _in(ilz—)v2 ). _(4)

1 2

' s wD, 3
Power .= 5 W (T‘ v

)

" Power Extracted ‘From 'the Wind

, -2
Pover = -'-5—29—3- m (:'lr-g—.-).v3 (6)

Two important points that should be observed in Equations (5) and (6). are: .

1. That the power is proportional to the cubé of the wind speed; i.e. if. you double

the'wind ‘speed you will -increase your ”po"'aer' output 8"‘Eit'xie's;'.'2;.'Th'é power" is ‘pro--

portional to the Square of the diameter SwWept by the windmill blades "i‘e.,, ir you

?
double the diameter vou will increase the pover output by 4 times,

\\
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The table below ‘shows annual wind data

the wind duration curve for this location.

for a very windy site.  Construct

SPEED t | T e |as] e il Rl E XN IR EOF MEAN
MPH || 1-3 4-6 | 7-10 19716 117:21 122027 | 26:33  [34-40 41047 148-55 =58 'l % | winp
0IR. ' : I . . SPEED -
N 1 "3 1.3 | 11 1.0 5 .2 .1 .0 .0 .1 48 | 15.8 .
NNE 2 1 5 N 9 .8 5 1 .0 (1] 3.8 | 19.8
NE 2 .1 6 8 |12 | 8 Ki .1 0 .1 45 | 194
Ene .|| .1 1 .3 8 |13 | 15 1.2 | 1.0 3 .2 9 {1771 300
E 2 4 1.1 {19 | 15 | 1.0 9 11.0°] 10 .3 2 9.5 | 23.7
ESE .1 1 5 110 | 1.3 | 13 1.1 .8 8 g1 1 7.9 | 27.4
‘sz 1 .3 6 a 111 |16 | 13 .9 4 310 |l-16 |21
SSE 0 2 .3 .2 3 4 | 4 7 5 .6 .3 3.9 | 32.1
s .3 .2 .6 K] 1.0 K Ki .8 5 A4 .2 6.4 | 24.9
SSw .1 .1 S 1 6] 4 s 7 30 .0 .2 2 3.7 | 24.9
SW "1 2 6 [ 12 9 1.1 .9 .5 3 .2 2 6.3 | 239
Wsw 0 .2 .8 9 |11 | 11 9 .6 .3 2 0 6.1 | 23.0
w .2 .3 K 9 |13 | 14 .9 4 1 .1 6.3 | 20.7
WNW 2 3 5 | 11 10 | 1.1 N .6 .2 .1 6.0 | 213 -
NW 3 A 17 119 | 14 | 1.4 K .6 2 .0 8.7 |18.1
NNw || 0 2 8 |17 s [ 11| 4 2 0 | 1 6.0 | 18.6
VARBL ' '
CALM 9.
| 2% 23 ] 37 | 114 {164 {173 |166 [122 |87 |48 |37 |24 lioo.o |23.0
Zoy, b A1 |5241 238 11436 |j574 1454|1069 762 420] 324 -/34; 570

The annual average wind speed in this Site,is ZSH@Rh;_;?o’

can use the Rayleigh distribution formula.

construct .the wind duration curve for this.location, we




‘Rayleigh:Distribution Curve:.
e
to (V; > V,) toe’ll:
where:
L e

§ V' = mean wind speed

“from the table: -

V= 23 mph

a

.- 50.0014847

.ﬂtﬁf,fto exp (-0.0014847fV?55

1%

8760 exp (-0.0014847 V4) hrs:/yr.

By applying this formula, we can obtain the Rayleigh
' ﬁigtfibution Curve as follows:
t, - 8760 £(V)
T 13
REL At 39

64
89
179

216



232
246
i
289
281"

243

2331
211

17s

;iBSf

153



142
131
121
111
92
84
76
68

55
38
30
20
17

And we can also construct the fréquency distribution curve

as;fQIIOWS{



Frequency Distribution Curve.

| . .29%30 211
13 | s0-m 199
sl | sem e
O T
88 | | s3m 165

RS I 1 155

wo || e 1

15 | | 36-37 131
179: |  37-38 121

s o
9-10 216  39-40 101

10-11 232 |  40-41 92

11-12 246' 41-42 84

12-13 258 42-43 76

13-14 268 43-44 68

14-15 276 44-45 61 -

15-16 282  45-46 55

16-17 289 . 46-47. 49

18-19 289 48-49 38 |

19-20 288 | 49-50, 34

a1 s

21-22 281 51-52 26

22-23 276 52-53 23

23-24 269 53-54 20

24-25 261 54-55. ir

25-26 253 55-56 15"

0 N ViR N

R N T S
B

(=]
[}
0

P

26-27 243
27-28 233
28;29' 222
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V ESTIMATION OF THE GENERATED POWER AND ENERGY FROM THE WIND
MACHINE AND WIND POWER

P Energy Wind Power C

vmph Athr- mach, " mach kth . W P
! , ‘
7
8
9.
10

159 25 477 1179.388
179 35 7.16 238,76
199 55, 9,95 365
216 80 17.28 492
S0 232 120 27.84 690
M oa4e 2100 s1e6 ss1
oo s 74 wer
1o s toese 1
¥ 276 as0 1324 1es
15 282 580 163.56 2183
18 286 640 183004 2692
1T 289 es0 187.85 3253
18 289 690  '199.41 3799
19 288 720 207.36 4375
20 286 7500 zia.s  si74
2l 281 780 219.18 5878
22 276 820 226.32 6644
23 269 ‘840 225.96 7691
2% 261 845 220.55 8604
25 253 850 215.05 9843
28 243 ‘850 206.55° 10916
27 233 850 198.05 12364
28 222 860 190.92 13609
2% 211 880 185.68 15281
30 199 885 176,12 16713
L o188 840 157.92 18625
S w6 e e aomss
R
3% 153 850 130.05 24266
B 12 920 130.64 26206
36131 930 121083 28773
ST 121 900 108.9 30944
38 g 890 98,79 33808

.139
.147.
sy
/163
174
.238
.257
272
.263
.276
.283
.206
182
.165
.145°
.133
123
.109
.098
.086
,078
. 069
.063
.058
.053
.045
.040
.038
.035’
035
032
.029 |
.026 |

OO0 0000000000000 00000000 o000 0o oo oo
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Betz . Theorem

«;;;J{_;;;)(,

The power extracted w111 be g1ven by the change 1n
k1net1c energy across the blade area The veloc1ty (V) in
the unobstructed flow w1ll be decelerated by a percentage (1 1)

at the blades and by a further amount (1 2a) after energy is

estracted.
e (1)
where: i)
- =7 [F "'v (1 2a) )
%%\psz’ [(1 a)(l a- z‘a) ]
and since :[(1 a)(l 1- 4a ‘+ 4a)l
‘ (1 a)(4a 4a )
:f (1 a)§1 a) 4a
, R\ A
SPax T 40 3 a (1)’ ci(3)
and a(1-a)? = a (1412 - 22)
| =a+a - 2a%

'by differentiating;

eqn (3) for max. point,
oP 2

i23a2_’5421:;1*’f0



S max

max/unlt areavg 0 295 PV

But thls P

/unlt area woula requ1re a ''perrect W1nd machlne”
therefore we have to assume the power coeff~c1ent "C " where:
ny5 Power produced by the machine
po Power contalned in wind

i p has a range of values from (0) to 0 593 and it
depends on the type of the machlne as: follows
Type of Machlne

Maximum Typlcal"Cplv
- Low Speed '"Drag"
- Medium Speed

- High Speed

0.05 to 0.15
0.20 to 0.40
0.30 to 0.45



Gy sl piii o Energy  Wind Power
VopnAthr o MACRy  pach ki owo - ©

39
40
41
42
43
44
45
46
47
48

101 890 90 36222 0.025 |
92 890 82 39397 0.023
84 890 75 42067 .021
76 890 68 45571 .020
68 890 60 48510 .018
61 890 54 52359 .017
55 890 49 55580 .016
49 890 44 59789 .015
43 '890 38 63305 .014
38 890° 34 67890 .013
54 890 -30 71714 012
20 30 890 27 75679 012
1 26 890 23 80838 011

52 53 890 .20 85129 .010
53 % |

Total:h
5379.04

o o ©o oo oo o oo

o O
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Rocky Flats
_AUGUST 1980 Performance Summary

MANUFACTURER'S SPECIFICATIONS SENCENBAUGH Model 1000-14 -

(See U.S. CONTACT for available options,

DESIGN OUTPUT:
1.0 ki @ 10.3 m/s (23 mph)

ROTOR SPEED CONTROL:

Mechanical, rotor turns edgewise to wind,
activated by excessive thrust load. -

OPERATING WIND SPEEDS:

CUT-IN:. 2.7 m/s (6 mph)
CUT-0UT: 27 m/s (60 mph)

ROTOR CONFIGURATION:
ROTOR DIAMETER: 3.65 m.(12 ft)
ROTOR TYPE: Horizontal axis, upwind,
- fixed-pitch.
NUMBER OF BLADES: 3

MATERIAL: Wood (Sitka spruce), bonded
copper leading edge, epoxy finish.

'GENERATOR/TRANSMISSION: . ... L
OUTPUT: 3-2, 6-po1g,a1ternator;.rec;. to dc.
GEARBOX: Helical, 3:1 ratio ' '

MACHINE DESCRIPTION:

The Sencenbaugh is a lightweight machine manufactured by Sencenbaugh Wind Electric, Palo
Alto, California. The blades are manufactured from Sitka spruce, with a bonded copper
leading edge and a polyurethane finish. The main generator casting is 35676 aluminum alloy.
The alternator is coupled through a 3:1 helical gearbox, and is driven by a 3-bladed pro-
peller 3.65 m in diameter. Overspeed control is previded by using the increasing wind
pressure of the propeller (and the resultant propeller thrust) to swing the alternator
assembly (which is offset from the bearing support column) out of the oncoming wind. The
foldable tail automatically reopens as wind speed decieases due to gravitational forces

on the tail assembly. Tailoffsetand inclination with respect to the rotor may be varied,
thus changing the cut-in speed of the machine,

U.S. CONTACT:

SENCENBAUGH WIND ELECTRIC
. P.0, BOX 11174
PALO ALTO, CALIFORNIA 94306

415) _964-159
JIM SENCENBAUGH

‘Thie PERFORMANCE SUMMARY was prepared and published by tha Rockwell Intermational Corporation,
Energy Systems Group, Rocky Flats Plant, Wind Systems Program, P.0. Box 464, Goldsn, CO 80401
’ . : for tha .
U.5. Department of Energy, Office of Solar Power Applications
Federal Wind Emergy Program --

Contract DE-AC04-76DP03533

DISCLAIHERN
This repnet was prepared Ar an account of wurk spoasuted by the United Statos Cavernmant, Netther the Unitad States na¢ the United Atate: 2eartment
of Energy, nor any of their esployess, males say varrenty, express or {mpiled, or ateumes any lexal Hasitity or vesponsinility for the acruracy, come
pleteness, or usefulnens ol any {nformation, apparatus, product, oOr procesa Alwelosud, or rencesents 1641 1%« wee wult nng Infelnge peiestrly wned
eights. Relecance harein to any apecific crmmarcial product, process, af service by tride neme, marh, ~nulsrgurer, Ap atharvise, dore Ang e esagryly
constitute or leply ite endorsement, recommundation, nr favaring by the Unltcit States Lovernamnt nf sav w e therenf, il views and oplaiene of
authors eapressed hereln do not necesnarily stete or roflect thase of the Unlted States Luvetnerat +¢ v > . wy ¢ gtenl.




ROCKY FLATS PERFORMANCE DATA

SENCENBAUGH 1000-14

MEASURED CHARACTERISTICS
(ADJUSTED TO SEA LEVEL)

CUT-IN WIND SPEED............ cerreesnenis 3 m/s (7 mph)
CUT-OUT WIND SPEED............ ceeneerieenaso.Not available

SURVIVAL WIND SPEED...............
'OUTPUT & 9 m/s (20 mph).,..
OUTPUT @ 10.3 m/s (23 mph).
NOISE @ RATED OUTPUT....

s++++252.5 m/s (117 mph)
seereseneasaeias780 Watts
Ceereeiesiiieaaiedhe. 820 Hatts
ceresesieciaareasas..NOot available
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AVERAGE WIND VELOCITY
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l 15 20 “40
| WIND SPEED

. (w/sec)
(1 m/s = 2.24 mph)

ESTIMATED ANNUAL ENERGY PRODUCTION
(USING A RAYLEIGH WIND DISTRIBUTION)

ANNUAL ENERGY QUTPUT

NOTE:

SUMMARY

The Sencenbaugh Model 1090-14 WTG met
urdergoing atmospheric testing at Rocky Flats.
exceeding 52.5 m/s (117 mph).

(50 mph) for

ours without incurring damage.

(m/3) (mph) (kWh)
3.58 8 960
4,47 10 1750 .
5.36 12 2550
6.26 14 3270
7.15 16 3860

The annual energy output is based on the measured
Rocky Flata power curve for this machina. Tha

pover curve is superimposed on a Rayleigh velocity
duration curve to generate a power duration curve
which ig then integrated over time to obtatn enargy.
Energy output will vary at apecific sites due to
variations in wind characteristics and other factoras.

or exceeded all manufacturer claims of survivability while
The machine operated satisfactorily in wind speeds
Sencenbaugh operated in winds exceeding 22.5 m{s
However, performance data generated by atmos- <5

_In addition, the

.Pheric testing of the machine did nnt agree with manufacturer. performance data over the entire Y.

vind speed range,

It should be noted that tho mechinn

treted 3t Rost "lonr e tariad under S',ﬂ


http:durati.on

Estination of the Total Cost/kW hr.

ThlS case study w111 be con51dered to be carrled out

:1n Bgypt, so the assumed total cap1ta1 cost of the machlne

fW111 1nc1ude the _ost of sh1pp1ng to the st1e in Egvnt. and
»all the control equlpment and accessories.
Assume that

? 1 kW wind machine
Capltal cost $15,000.00
0§ M Cost

10% capital cost
$1 500 OO/yr

“Assume 1 year to be built, w1th 12%
investment ratio of the capltal

1 = S ate o c_
Rl 1 .»'.tc

where: - tc :}The construction time in yrs.
C : The capital cost

i The investment
!

[ . @roant - (15000,
. 0.1z 1
. $15,000.00

CRF (Capital Recovery Factor)

(1 Y
RE (0.12, 20) = 0212 5
CRF;(O.lZ,-ZO),;:‘ S IR vl -20
= o. 1338788
Annual Charge = 1. CRE

S e———

2008.25 $/Yr.

15 000 (0 1338788)


http:15,000.00
http:15,000.00

Average Annual Cost = Annual Charge .+ (08M)
'2008.182 + 1500
3508 $/Yr

= The Total Generated kW hr/yr:.

;-% 5379394;kwfﬁ%2?%f

S, 508
65.216 ¢/1<W~:hf»."

0 & M/kW he o . 1500
0 GAM/kW;h?,' 5379004

27.9 ¢/°W Br

By follow1ng the prev1ous calculatlons e can d1ffer-€f

. xR

entiate between dlfferent types of wind machlnes and choose
the best type which will give us the cheapest cost of

generating kW hr.



VI ' “THE ENERGY SCENE IN HGYPT

‘1~ BACKGROUND AND JUSTIFICATTON

1.1

1.2

1.3

The present arable land in Egypt'is 30,000 sq.km repfesentiﬁg 4
‘less than 4% of the total surface area of the country.

Tts population (presently uy million) is expected to reach 65~

.70 mil].;'Lon by the year 2000

Massive programmes for land reblaiﬁation and new ccmmunities

are planned to abscrb the surge in the populaticn and redirect

E-intemal_:‘ grants who_t) raditionally move to already congested
.cities. M et

-1.4--~The energy resources presently exploited on a comrercial basis

 1.5

.1.6

~Renewable Enerzy Sources, -therefore become imperative.

are mainly hydro (75% namessed) or.depletable fossil fuels
(oil, gas and.codl). Only 257 of the Government's share of
the produced oil is exported at Vorld prices. Domesic oll
consumption (75% of produced oil) is subsidized at 14% of such
price thus depriving the country's economy from valuable
earnings.

In fifteen years time, based on the presently declared oil.
"peserves and bearing in mind the introduction of nuclear power

generation, the energy supply will fall short of domestic
demand. B : C ‘

Ehei'gy Conservation as well as the development of New and

.. “THE ‘ENERGY 'SCENE "IN EGYPT

............................

5.1° ‘The Txisting Situation

. Fnergy consumption by primary energy sources in 1980 is
ndicated in Table 1 (see also Figure 1), which brings out both
the continuing importance of non-commercial energy Sources
and the dominant role played by oil.
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Table 1
~ PRIMARY ENERGY CONSUMPTION IN 1980

‘ MILLION TONS OF OIL - ~
~ SOURCE - EQUIVALENT (MTOE) #
Commercial x\v',g:A‘f A 76.4
0oil S w1345 73.4
Coal’ A - 0.9 4.8
Gas. - e g ©.2.0 10.8 - < m
Hydropower co e 2.1 : 11.4
- SUB-TOTAL - | -~~~ - .18.5 . | 160.0 - |
Tbn—conmercial ER o L :u . | 23.6
@rop residues -7 ji‘m”mﬁllui» A R -77.2
Animal waste o 1.l 19.3
| Fuel wood, animate power, etelT 0.2 1735 "
: SUB-TOTAL ! - " 5.7 - 100.0
GRAND TOTAL, PRIMARY ENERGY - e 24,2 20]100,0 e

'.Source Qattara Hydro and Renowable Energy Projects Autriority (QPA).

Total traced energy consumption in final uses in the same
year can be .estimated as 1U4.8% MIOE representing an overall
distribution loss of about 20%. Table 2 gives an approximate
"breakdown of final energy use by sector and by fuel in 1980. °

Table 2
TRADED ENERGY IN FINAL USES CONSUMPTION 1980 (MICE)

 SECTOR OIL NATURAL GAS. COAL iIECTRICITY! EKHWL;

Industry 3.5 6.7 | 0.7 10 | 59
Transport 2.5 . 2.5
Residential 2.0 - 0.3 . 0.3 | 2.6
Agricultural 0.7 | - 0.1 '+ 0.8
Commercial 2.7 0.1 o bl L. 0.2 l 3.0

TOTAL 11.4 1.1 |07 | 1.6 | 148

Source: Qattara Hydro and Renewable Energy Projects Authority (QPA)

* A recent Vorld Bank report, Fgbruary 1982, gave 17.6 MIOE for
total Energy Consumption.



2.3

2,2" The Future Situation

dfficial documents.carry tentative estimates of primary
energy requirements in the year 2000 of about 65 MICE* of
energy, almost a four-fold increase above the 1980 levels and

sufficient to give each Egyptian about one TOE/year (as compared

to 0.6 TOE/year in 1980) (see Figure 2). This energy will
continue to come largely from oil estimated at about 30 MICE,
and from natural gas and coal, estimated together at about
11 MICE. -Nuclear power would be the major new contributor
with around 11 MICE. Hydropower would contribute around

5 MICE (see Figures 1 and 3).

With thls level of demand on oil, and according to the
presently declared recoverzble oil reserves of 2.9 x 109 barrels
(as of Jaruary 1981), Egypt will be short of oil by 1997*#* (see
Figure N)

‘ Therefore measures which will bring about a reduction in

oil consumption, while rpeetmb the total energy demand at-end-

use., would be sought.

IntroduCLng New Elementu

Two main addltlonal inputs in the Energy Scene qualify to
bring about reduction in the use of fossil fuels, in general,

.and oil in particular.

'2 3.1 Conservation Energy (CE)*“*

This is energy vhich would otherwise be lost. It is
thus treated as an input to; the total energy consumption:
Tts relative impact on the energy consumption can
reasonably be estimated as 10% at least, although 20%
would not be unattainable. Three types of conservation

have been identlfled the first two of which are
not desirable:

" i~ Curtailment: This category is not desirable as it
implies interruption of activities, namely factories,
depending on shortages of supply. The country could
be compelled to take such measures in the future if
sensible actions are not taken now.

¥¥
kE¥

This corresponds to a 6.6% rate of'growth in fhe primary energy demand.
‘Other dates will correspond to other GDP's different from 6.6%.

Terminology used in Harvard Business School Report entitled “Energy
Future" by Robert Stobaugh and Daniel Yergin, 1979, Random House, USA
to emphasize the recently recopnized key rclz of concervation,
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2.3.2°

ii—'fovérhaul: This is also not desirable ‘and would

= .

- Imply a dramatical change in the way of living and
- worlk, cutting back and rationing, etc. :

113~ "Adjustment: This is productive and desirable
' conservation, which could be obtaineqd through™good-
housekeeping; encouraging daily behavior that
Promotes energy savings in a manner that is -

economically andg socially non—disruptive; upgrad
systems efficiency, and technological breakthroughs.

it reyuires a Plan of Action and a firm national

comiitment to conservation, requiring politicy] decisions,
‘NEW legislations.and motivation. :

-There is a strong link between ConservationwEnergyfand

:the Development of Renewable Sources of Energy,  because

they both serve as conserving elerents of depletable fuels.

New and Reneviable Energy Sources (NRSE) -

%
[

Previous studies have given various roles to NRSE
in the Egyptian energy scene. Consprvatively, a relative
impact of 5-7% on the total commercial energy supply by
the year 2000, together with 10g contribution from )
conservation energy would proiong the oil Supply by 2-3-
years (sec Figure 1), ’

energy use:

Tirst: As the traditional alternative source of energy

€.g. In areas remote frem the electri. grid or
fuel supply lines); and/or -

Second: As backup or conserVation element in future
: .conventional elevctricity generation schemes.

Table 3 glves the status of NRSE wbrid Technolbgy.
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' JTHE SITUATION IN EGYPT
%1 Introduction

- .. Ancient Egyptians were the first to utilize wind-energy
5000 years ago to pump water, grind grains, and operate sail-
boats in the Nile river. Tnwards the end of the 19th century
wind-turbines were used in Egypt to punp the Nile vater-for -
irrigating the nearby arable land. o

In 1952 the Military factories of BHelwan produced wind
pumoers for use by the bedouins in conjunction with the
scattered wells in the North-West coastal zone. This E :
programme did not continue due to two reasons. Firstly, most -
of the wird pumpers needed nmintenance and repair which was
not provided; secondly, the units were kept working:without’
control so that over-pumping produced braclkish water, and
thirdly, diesel engine-driven pumps were introduced into the
area while the fuel.cost was very low.

Presently the Situation is different. The VWorla Technology
for small WEGS has improved, and it could easily be transferred
to Fgypt; the fuel value has increased tremendously beside
becoming scarce and difficult to transport; remote areas in the-
country have started developing and wird-energy applications
are suitable fer such small communitiss; and Government plans
to extend the electric grid everywhere would tzke somstime to
materialize. Even then, WECS could be interlinked to form a
replonal or local electric grid which can be comnected to the
national grid as a measure for fuel conservation -in the long
term.

3.2 Previcus Work

Wind data has been collected over the years by the Metcro-
rologlcal Authority and some Oil companies. In 1973 the
Minisivy of Electricity and Energy in collaboration with X
Oklahoma State Universlty (U.S.A.) made measurements of wind
velocities and directions of few locations¥.

Recent studies®* .relied on the data by these two. sources
in assessing the wind energy potential in Erypt. Recently

* Zource: "Egzyptian Energy Resources Study Prcject", Ministry of
' Electricity and Energy Cairo 1675 and 1379,
#% Zource: i-  USDUE "Energy Assessment in LCoynt”, 1279
' 1i- MITRE CORP. "Renewable Energy Sources in Zoypb: An
% Analysis of Options",.1980

111~ CESEN !Prefeasibility Study.tor .the Ezyptian Renewable.

A
[-,‘..’ 5’



4

Mubarak et al®* collected all the}availablé-data in one repoft‘i

which showed that at some locations there was some discrepancy
iin the wihd date. o

3.3 Preseént. Activities

_The present activities are surmarized as follows:

1~ The National Research Centre is constructing 2 6 m
diameter wind turbine based cn a modified design of
the Intermediate Technology Development Group (U.X.).
The end result would be pumping.

ii- Cairo University would be collaboratinge with an
~American University within the context of the USAID--.
Financed University Linkace Proiect tc studv the most’
suitable small WECS for rural Egvpt.

1ii- The Egyptien Electricity Authority is conoucting a
‘ study on the North-tlest Coast to determine the.
reasons for the unsuccessful experiment to introduce
wind pumpers in the sixties ard make new reccmmendations.

PLAN OF ACTICH

PHASE T (1983-1087)

A1 Progrizme Portfolio

4:1.1 Tnventorv of Wind Fnerpv ReSources

i~ Measuring wird data all over thé country, ‘
particularly, the coastal zcnes and East-Oveinat at
standard heiphts (16 and 50 km).

1i- Forming rield groups to studv and seleet the
appropriate sites for larpe VIECS.

431.2 Research, Develoorent and Demonstration .
i- Since wind technolopy is available ‘on a world-wide
- basis, field demcnstration should be encourased. In
parallel, the public shculd be inforrcd of the
systems and the probleomns associated with theipr uses,
ii- Tormins Covermment sorcialized prours to fellew-un
the activities In this fi=1d and to rrorcie 2, D and
D accordine to the Goverrmront natiersl govelopirent
plans.

Source: Mubarak et al "Wind Energy in Epypt", -Cairo University. March 1082



Tiii;; Co-ordinating all the external financial ang
°" - technical assistance inputs with the Goverrment ‘
contribution for promoting the utilization of VECS,

D . .
4,153 * Recommendations

 Since wind-technolopy (particularly srall WECS) 15
not very complicated, most of WECS can be manufactured

locally. . It is recommended, thence, that the following
steps be taken: v R , ' o

. - Development and manufacture of a series of small-
' WECS (less than 5 kW) for irrigation muposes.
~ This could be dciwe’at any one site by chanering
_the turbine diametér and the height of the tower .
(3 sizes each would be encugh), T

.1i- Same as in (i) except for larger WECS* (10, 50

~ and 100 KV) for electricity generation purposes
and géneral end.uses including tie~in with.the
electric grid. '

432 Schedule and Recuired Investment

A,

Figure 7 gives-the schedule for VECS programme in Egﬁpt
till the year 2000 together with the correspording reauired

Anvestments. It should be noted that beyond 1990, all the

investments are tentative and subject to modifications pending
other activities. S

Execution of Propremme

The Suprenmz Council for New and Renewable Sources of Energy
will co-ordinate the activities with the appropriate
orpanizations. It is expected that the Ministry of Electricity
and Enerpy together with the National Research Centre and the
Universities will be involved together with the local
Governorates.

According to Mubarak (see footnote cover page), 1t will take 33750
wiits of 100 kW and 75000 of 5 IV (or smaller) to riovide, 507 of Lhe
crorpy and power recuirement on the coastzl zones nlus the Fusst-
Owcinat region by the year 2020. :
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