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PROJECT OVERVIEW 

s a v i n g  almost a half  b i l l i o n  d o l l a r s  of USAID funds inves ted  i n  t h e  
power s e c t o r ,  the  Mission co l l abora t e s  very c lose ly  with t h e  GOE 

agencies involved i n  a l l  aspec ts  of t h e  Eqyptian energy s i t u a t i o n ,  ranging 
from pol icy  planning and t echn ica l  t r a i n i n g  t o  power generation and 
distribution. The Mission 's  work i n  t h m  s ac to r ,  a s  w s l l  a s  t h e  1978 U.S. 
D e p a m e n t  of Energy-~ponrored Jo in t  E-t-U-S. C o o p r a t i v e  Energy Assesman+ 
(he rea f t e r  r e f e r r e d  t o  a s  t h e  hras8n'ient)  have provided us  w i t h  a Treat  dea l  
of information on Egypt's energy reSOUrCOS a s  W e l l  a s  on tha gove rmen t l s  

t o  pu t  t h e s e  rOSOUrCe8 t o  U s e .  

ener gy p r o j e c t  hera in  described is composed of t h r e e  auh-p ro~ec t s  : 
margy Policy and Planning; Un-able Enerw Rssources F ie ld  Testing; u t i l i t y  
Management. These sub-projec- have as thrir common goal t he  e f f i c i e n t  

of Egypt 's  ext-siva and Fncreasingly complax range of energy 
resource options.  Thay a r e  designed t o  deal  with t h r e e  of t h e  major p r o h l ~ m s  

the Egyptian8 havr Faant i f lad a8 nrrdinq urgmnt a t t a n t i o n  f o r  their 
impact upon t h e  economic and s o c i a l  davalopmant of tha country and, as such, 

a r e  in t imate ly  r e l a t e d  t o  each o the r .  

s-angthaning Egypt's o v e r a l l  na t iona l  energy, economic and t echn ica l  
planning, a s  w e l l  a s  managemmnt capab i l i t y ,  w i l l  enable the  M E  t o  analyze 
various energy supply options,  d ~ a l o p  a s-d program t o  i d e n t i e  energy 
demand and the capab i l i t y  to implement it i n  a more e f f i c i e n t  manner. ~t is 

t h a t  these  analyses w i l l  a l s o  r8SUlt i n  2 b e t t e r  understanding of the 
t e & n i c a l / e ~ ~ n a n i ~  c h a r a c t e r i s t i c s  of renawabla energy resource syst- and, 
t h w e h y ,  help t o  convince d e i s i o n  makars ,+i thin the  GOE and donor 
organizations t o  c o n s i d u  renwables  a s  having important p o t e n t i a l  i n  pgypt8s 
fu tu re  enarqy mix. 

f t  is recognized t h a t  renswables a re  n o t  ye t  economically a t t r a c t i v e  t o  
~e end-user i n  Egypt because of heavy subsidies  on f o s s i l  f u e l  based energy. 
~t is f e l t ,  however, t h a t  Egypt i s  haqinninq to  nova, a l b e i t  very caut ious ly ,  
in d i rec t ion  of ad jus t ing  se lec ted  enarqy price8 upward. In t h e  meantbe ,  
f i e l d  t e s t s  of proven renewable tachnoloqies i n  the Egyptian scene in order t o  
evaluate t h e i r  appr0priatentBSs from a technica l ,  c u l t u r a l  and economic (based 
on world energy p r i c e s )  po in t  of view is timely- Then, as Egypt moves tmrard 
world enerqy p r i c a s ,  the GOE w i l l  i n  a pos i t ion  t o  move confident ly  i n  the 
renewable area 

, m e  marqy Policy Planninq sub-project has bren authorized and w i l l  hegin 
~ m p l e m n t a t i o n  s h o n l y .  The Rmnmwable Enrrqy Field Testing subproject  has 
h e n  develoyed through the  PP Stag.= The t h i r d ,  U t i l i t y  Management, w i l l  be 
developad ia the  near fu tu re ,  following an assassmmt of those critical areas  
of u t i l i t y  manqamant vhich s h ~ ~ l d  ba addressed. It is envisioned t h a t  this 
component w i l l  be an important p r r t  of the pro jec t  and, though i t s  developmrnt 
w i l l  not take place concurrently with the  other two, it w i l l  ha c lose ly  

E'un&ng f o r  the Renewable Energy Field Testing suhproject  should 
not  he held up f o r  the developant  of t h e  t h i r d  sub-project a s ,  although they 

i n t e r r e l a t e d ,  they have not h e n  designed so as  t o  be dependent upon one 



another.  

-he following smctions brimfly descr ibe  t h e  energy s i t u a t i o n  i n  ~ g y p t  
. - 

t :asy  ~ n d  the s u b p r o j r c t s  which USAID/Calro hrs developrd t o  hprovm t h a t  
a ~ Y ~ a t i o n .  

r ~ e s g y  S i t u a t i o n  - - Present  Levals of Usa 

Egyptian o i l  production i n  1980 is est imated a t  29.6 mi l l i on  MT/yaar. of 
+his, 5 .a mil l ion  KT is taken a s  thr rhara  of t h e  foreign companies, while 
23.8 mil l ion  KT is  t ? e  E m t i a n  share. 

To ta l  domestic consumption of petroleum products i n  1980 is est imated a t  
14.8 ~ i i l ~ o n  MT/yaar. Domestic energy use has increased rap id ly  over the p a s t  
t h ree  years ,  a t  an Everage r a t a  of 12.51. During t h i s  p'eriod butagas usage 
rncreased 18% and krrosane by 5%. T h i s  cornparas with an annual average GDP 
i n c ~ e a s s  of 9% ovcz t h e  same years.  

Irhis r ap id  increase  i n  eMrgy us* is, i n  p a r t ,  dua t o  the vary heavy 
subs id ies  on both f o s s i l  f u e l s  and mlec t r ic i ty .  Thms* energy ~ u b s i d i ~ ~  
3ar.t. of an o v c r a l l  po l i cy  Of providing subs id ies  f o r  thr Egyptian papulat ion 
i n  se l ec t ed  commodities (pr imar i ly  enargy and food). Tho off ect of tfiis 
pol icy  i s  t o  d i s t o r t  c a p i t d  FPvma.tmmt dec is ions ,  dircouragm 
convervation and encourage energy i n t s n r i v r  technologies in tho productiv. and 
r e s i d e n t i a l  sec tors .  

Industry consumes about 40% of a l l  enmrgy i n  E m t  and this percentaqa .is 
e q e c t e G  t o  increase  oV= tha c d n g  years. O c l a  70% of this 
consumption i s  by pub l i c  s e c t o r  cc¶Ipanies. Due t o  pas t  and present  subsidized 
= e q y  cos ts ,  publ ic  s e c t o r  indus t ry  has had minimal incent ive  t o  reduce f u e l  
c m s w t i o n  by u t i l i z i n g  both w e l l  e s tab l i shed  and new energy conservatian 
t5c:iniques. T h i s  s i t u a t i o n  is similar t o  that i n  the U.S. before 1974, which 
r e su l t ed  i n  U.S. indus t ry  belng s ign i f i can t ly  more energy intensive &an its 
J a p n e s e  and Fusopean counterpar ts .  Post-1974 experience i n  the  U.S. sugqcsts  
c.~.*;, r e a l i s t i c  p r i c i n g  can reduce industrial energy consumption by 10-30%, 
Lqending on the i n d u s t r i a l  sec tor -  In f a c t ,  consumption i n  a l l  s ec to r s  of 

Y . S .  has been reduced s ign i f i can t ly .  Similar reductions miqht be axpactad 
h ~ g y p t  with s i g n i f i c a n t  benef ic ia l  a f f ec t s  on o i l  exports energy, 
product ion/dis t r ibut ion c a p i t a l  needs. Energy p luming  i n  Egypt should s t r e s s  
k\e e f f e c t  of energy c o n s a ~ ~ t i ~ n  policy options on such c r u c i a l  i s sues  a s  o i l  
exports ,  c a p i t a l  spending, energy production and energy saving equipment, 

i n d u s t r i a l  deve lopan t  aptions and process choices. Most 
*rtantly,  it must address p r i c ing  aa the  most e f f e c t i v e  mode of ga -a t ing  
energy ef f ic iency  and consemation. 

Since the Assessment, global  energy developments have combined w i t h  energy 
f a e o r s  i n  ~ g y p t  t o  produce a number of new energy planning p r i o r i t i e s ,  1n 
order t o  address these  i s sues ,  Egyptian energy and economic planners have 
i d e n t i f i e d  the  need t o  enhance t h e i r  capab i l i t i e s  f o r  integrared energy 
af ia lysls  based upon both energy resource and production f ac to r s  on the  supply 
s ide ,  m d  energy consumption, pr ic ing  consmrvation and economic planning 
f a c t o r s  on t h e  demand s ide -  



2 e  GCE has requested technica l  a s s i s t ance  i n  s t r e n e h e n i n g  i t s  e n e r g  
data co l l ec t ion ,  ana lys i s  and decis ion makinq c a p a h i l i t i e s  t h a t  w i l l  bu i ld  
upon t!!e Assessment and upon other  Egyptian curperience i n  supply and demand 
sec tora l  ana lys is  and planning. 

mere a re  savera l  p a r a l l e l  s t r a t e g i e 8  now baing pursued hy Eqypt i n  its 
enerqy development program: 

t 
7 

0 Encouraging o i l  a ~ p l o r a t i o n  t o  increasa sustained production l e v e l s  

I 
from '&a present  650,000 b a r r e l s  per day t o  1,000,000 h a r r e l s  per 
day. The increasad production l a v a l r  w i l l  br usmd t o  s a t i s f y  
i n t e r n a l  needs and t o  increase  export  earnings. 

o  ~ n c r e a s i n g  u t i l i z a t i o n  05 na tura l  gas i n  indus t ry ,  ?over generation 
and r e s i d e n t i a l  use. T h i s  is a r e l a t i v e l y  new t r e n d /  and r .ef lects  
the rap id ly  increas ing  rcsarves of n a t u r a l  gas expected from recent ly  
enacted regula t ions  t o  encouraqa explorat ion of nonassociated n a t u r a l  
gas f o r  domastic consumption. 

0 Planning f o r  u t i l i z a t i o n  of both domrstic and umported coa l  f o r  power 
generat ion,  thereby f r ee ing  up oil f o r  e x p o r t .  Domestic coal  
reserves (about  65  mil l ion tons )  can prubabLy support only about 120 
MPO of power generation, any incraaaas above t h i s  requi r inq  imports. 

o Planning fo r  u t i l i z a t i o n  of nuclear energy. Ihe ccmmitmcnt of the  
I GOE to nuclear powar was confirmed by i ts  r a t i f i c a t i o n  of the  
i  on-proliferation Treaty (NPT) and its agreement, recent ly  signed 
R 
T 

with the U . S .  and French Covamments. Nuclear p o w e r  p l a n t s  with a 
t o t a l  capaci ty of about 0,000 MW a r e  plannad by the  year 2000. m e  

B I 
GOE is planning t o  s e t  as ide  appr~ximate ly  $500 mi l l ion  each year 
from o i l  revenues t o  finance t h i s  nuclear p o w e r  program. 

~t appears t h a t  with so- reasonable degree of success i n  the  o i l  and gas 
explorat ion programs, Egypt w i l l  have s u f f i c i e n t  f o s s i l  fue ls  f o r  domestic 
consumption and f o r  so- l eve l  of o i l  w o r t  through a t  l e a s t  the l a t e  
1980's. In the  post-2000 time frame, t h e  GOE has  assumed t h a t  nuclear p l an t s  
w i l l  r e s u l t  in  nuclear energy raplacing o i l  fo r  e l e c t r i c i t y  generation. 
necessary policy analysis  and management capab i l i t i e s  e s s e n t i a l  t o  deal  w i t h  
issues of p r i c ing  and d l t e rna t ive  energy options a re  among those which this 
p r o j e c t  seeks t o  t r a n s f e r  t o  the GOE. 

Slnmnary Descriptions of Sub-projects 

1. 1. Enrrqy Policy and Planninq 

- t 
6 In recognition of the impohance of energy planning to nat ional  :. development and in t e rna t iona l  s t a b i l i t y  over the  pas t  several years ,  AID, the  

11% cmnpared, f o r  example, t o  the assumed t o l a  of natural  gas i n  the  1978 
Jo in t  Egypt-US Cooperative Enerqy Assessment. 



J.S. 2e2artnent of Energy ( D O E ) ,  t h e  InteX'national F inancia l  I n s t i t u t i o n s  and 
: -.ha &??or a rqan iza t ions  and coun t r i e s  have spent  considerable  e f f o r t  t o  

7:;. '. Q ~ I  a ~ p r o a c h e s  and acthodologies  f o r  snargy ana lys i s ,  p r i c i n g  p o l i c i e s  and . ., 
7 .2~~....2ction a c t i v i t i e s  t o  support  n a t i o n a l  energy planning LJ developing 

. .. . .  . ? . . su i a l i z ing  count r ies .  Without exception, Egypt 's  p r i n c i p a l  b i l a t e r a l  
..:tr: -: . .ai t i lataral  donors have s t r e s s a d  t h a  c r i t i c a l  importance of p r i c i n g  

puLisy t o  achieve a proper a l l o c a t i o n  of rasourcss ,  both i n  t h a  m a r g y  s e c t o r  
a d  i n  the s a c t o r s  which We margy  a s  in t a rmad i i t8  inputs .  %a approach 
't' 5 i?. .J suggested f o r  Ern.:. & r a w s  upon e x g u i a n c a  from other  coun t r i a s  and may 
e.a.:nrly be app l i e2  t o  add i t iona l  coun t r i e s  ( w i t h ,  of coursa,  appropr ia te  
L i l u ~ ~ ~ c e t i o n s  t o  t3c.h  try's naeds) .  For example, t h a  a n a l y t i c a l  
mathodoioqies p r 0 ~ 0 5 a d  Iln1~e a l ready  bran 8mployed by D m  i n  f i v e  com+ries.  

an& other  t ic- i , rs a r e  undertaking s i m i l a r  work i n  a number of o t h e r  
ccmtr4.es. Thi. need f o r  impraved demand energy data i s  a common rewi remen t  
in most countr ies .  E f f o r t s  t o  improve da ta  c o l l e c t i o n  methods and analyses  i n  
z ~ n t  under this sub-project.  

?!ha marqy  Pol iey and Planning sub-pro~act  w i l l  be d i r ec t ed  toward 
I : . i t i t r t t ional iz ing t h e  capaci ty  within t h e  EgyptFan a v e r m e n t  t o  c o l l e e  and 
a qal.yta data nuCeSSW f o r  na t iona l  enargy planning. This w i l l  be 
r l - ~ l i s h e d  by providing t echn ica l  a s s i s t ance ,  on-the-job t r a i n i n g  and 

o l t r c t e d  long-texm traiaing and appropriate  hardware i n  order  t o  upqrah 
- - A  rrpt;an c a p a b i l i t i e s  r n  anergy economics, a n a l y s i s ,  tschnology , c3nservat ion,  
i r z o m t i m  systems mnnagtnmnt and s y s t e m  ana lys is .  

prof8ssional  davelopn-t i n  a a r g y  plannlng is an e s s e n t i a l  c q o n a n t  f o r  
energy planning. A number of t r a i n i n g  proqrama a r e  ava i l ab le  through var ious 
bs*&tutions and p r i v a t e  sec tor  organizat ions t o  mast thus needs i n  o the r  
dsvelooing countr ies .  To mention a few, t r a i n i n g  i n  energy management is  
ava i l ab le  a t  sUNY/Brookhaven National Laboratory, i n  renevable energy a t  
Flor ida S ta t e  Universi ty  and i n  conventional energy and energy system a n a l y s i s  
a t  UVLqe National Laboratory. Detailed t r a i n i n g  needs are i d e n t i f i e d  in the 

?P. 

2 .  U t i l i t y  Manaqcment 

111 order t o  respond t o  t h e  M E  requast f o r  ass i s tance  i n  t h e  u t i l i t y  
7 . - ~ l ~ t  area, it is i n i t i a l l y  necearary t o  daf ins  the management i s sues  t o  

1 : ~  a&dre~scsd. A j o i n t  d e t d l e d  raview and aSSieS8msnt of the curren t  and 
Flanned managamant davalopmant program e f f o r t s  of both the  ~ g y p t i a ~  
G. e c - ~ l f i c a t i ~ n  ~ u t h o r i t y  ( EEA) and the  Rural E l e c t r i f i c a t i o n  Authsr i ty  ( %A) , 
,ill be undertaken. Recormnandations would then h t r ans l a t ed  i n t o  an 
a p p r o ~ r i a t e  s u b p r o j e c t .  An understanding of t he  cur ren t  organiza t iona l  

t , ~ ~ b ~ e ,  a d m i a t i v e  prac t ices  and procedures and managerial r o l e s ,  is 
essent ia l  for the t echn ica l  ass i s tance  required f o r  expanding t h e  power s e c t o r .  

u t i l i t y  management c a p a b i l i t i e s  must be strengthened while ass is tance in 
policy planning and ana lys i s  is underway s o  that pol icy decis ions which must 
be t r ans l a t ed  by management i n t o  implsmcntable programs w i l l  be ca r r i ed  out  by 
a cadre  of wel l - t ra ined persons. 

q c t i ~ j i t i e s  i n  renewatllp ,>ncrqy rllust be closely f i r l d  tested i n  ? ! J Y ? ~  a n d  coor- 
r j i n a + e d  w i t h  a11 other y)wpr <.pf-tor d ~ , t i v i t i ( ~ . .  -rhrl 1)()1 (inn 
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planning sub-pro jec t  . d i l l  spsk t o  encourage Such coordinat ion by enhancing t h e  
Egyptian capac i ty  t o  glan renewable energy development as p a r t  of i t s  o v e r a l l  
energy development plan. 

+ 3. Renewable Energy F ie ld  T e s t i n a  

Egypt has e x c e l l e n t  p o t e n t i a l  f o r  uming s o l a r ,  wind and o the r  renewable 
energy resources.  If the ren8Wrhl8 energy goals  of programs i n  t h e  
i n - t r i a l i ~ e d  coun t r i e s  could be approached, t hese  raaources could he a major 
(20% c )  con t r ibu to r  i n  the  poet 2,000 time frame. However, t h e  use of these 
raaourcas is p resen t ly  m i n - 1 ,  p a r t i c u l a r l y  when cbmprrad t o  o ther  coun t r i e s  
i n  the mdi te r r anean  a rea ,  such a s  CYP- and I s r a e l .  One major reason f o r  
t he  lack of movament t o  introduce ranawable enargy technologies  is t h e  h-vy 
subsidies  on conventional f u r l s  t h a t  a r t i f i c a l l y  make renewable a l t a r n a t i v e s  
emnomicaly non-competitive t o  the and-user i n  Egypt. In c o n t r a s t ,  by world 
s tandards,  t.!!e aconomics of s e l e e e d  solar/wind systems a r e  'already very good 
if c,he economic ana iys i s  ~ t i l i * a S  world energy p r i ces  f o r  - m o m s .  Systems t h a t  a r e  now compstit ive include s o l a r  water hea te r s ,  l o w  , 

t - r a t u e  i n d u s t r i a l  process  hea t  and wind power. 

m e n  a re  p re sen t ly  a number of damonstration p ro jec t s  of s o l a r / v h d  
systems i n  p l ace  o r  p l m n r d  f o r  Egypt- b d d  by donor count r ies  and 
i n t e r n a t i a a l  o rganiza t ions ,  they include so la r  water hea te r s ,  an 
c o n d t i o n i n q  system, deaa l inb . r t i on  system and so ld  r toraga  f a c i l i t y .  
Howevgr, t h r r a  a p p a u r  t o  be very l i t t l m  s u a t o g y  or cont inui ty  associatad 

, d t h  mix of duaonstrat ion syatmm- Son8 appear t o  b8 aimed pr imari ly  a t  
s e d n g  donor 's  ~~ercirl i n t e r e s t s  . in  fntroducing s o l a r  equipment t o  

7 
R ~ m t ,  a s  much a s  they a r e  concerned with providi'nq Egypt w i t h  tedrnoLoqias ' 

and know-how t h a t  can have s i g n i f i c a n t  near and long term impacts. 
# 1 

~ g y p t  does not  ye t  have a camprehensive plan i n  the f i e l d  of renewable 
energy resources f o r  davelopaent although one i s  cur ren t ly  under development. 
Very l i t t l e  ana lys i s  h a s  been done to v n t i f y  such f ac to r s  as t h e  p r i c e  
e l a s t i c i t y  of the demand f o r  energy or  the  poten t ia l  of renewable energy 
resources or  on such ~ S S U ~ S  aS o f f s e t  of conventional energy consumption, 

energy r e l i a b i l i t y  , foreign exchange t ransact ions , employment and 
l o c a l  i n d u s t r i a l  development. The Egyptian gemunment is aware t h a t  
so la r /v ind  systems cannot Compst8 with subsidized conventional energy syst- 
and is beginning t o  consider how, given the p r i ce  of conventionals worldwide, 
t o  p r m i &  se l ec t ed  s o l a r  appliCatiOM (0.g. hot water heaters  1 with some so- 
of subsidy t o  counteract  the  f inanc ia l  advantage of conventionally fueled 
systsms. 

fn view of t h e  p a t e n t i a l l y  important r o l e  of renewables i n  Egypt and 
li*alfiood t h a t  t h e  GO* vill WVe f o ~ a r d  on the  issue of ad jus t ing  energy 
p r i c ing  i n  the no t  too d i s t a n t  f u ~ ~ r 8 ,  USAID/Cltro ha. developed j o i n t l y  wi* 

b GOE a renewable energy f i e l d  t e s t i n g  sub-project. This sub-project w i l l  f i e l d  
b '  t e s t  a t  s e l ec t ed  s i t e s ,  proven, off-the-shelf ,  renewable energy technologies.  

me GQE, s ince  t h e  Assessment, has been discusainq a pro jec t  i n  tenewahles 
w i t h  the  Mission, and, f ollowinq a USAID study by the  MITRE Corporation and 
v i s i t s  by the NASA b w i s  Research Center, collaborated on the  development of 
& e sub-pro j e c t  . 



The renewahles sub-project  w l l l  f i e l d  t a s t  the f e a s r h s l l t y  of a v a r l e t y  of 
a p p l ~ c a t l o n s  r a n g l n g  from wlnd energy f o r  e l e c t r l c r t y  generatlon t o  s o l a r  
cnerqy f o r  water pumping. An i npor t an t  p a r t  of t h e  renewahles sub-project 
.*111 h e  t o  s e i e c t  those types of renewables not a l ready  f i e l d  t e s t e d  In  Egypt 1. 

h 1 c h  appear t o  have the h e s t  chance of baing competi t ive a t  world energy 
: - : c . . - s .  Test ing w i l l  raquFre monitoring and follow-up of a c t u a l  maintenance 
aqd operat ing expendituras a s soc ia t ad  v i t h  the  renewables being t n s t e d  i n  
order t o  determine t h e i r  coa t s  a s  comparad t o  competing energy sources. 
s o c i a l  benef i t s  of renewable energy usa w i l l  be canputed separa te ly .  The 
f i e l d  t e s t  w i l l  be coupled with an education, t r a i n i n g  and prombtion a c t i v i t y  
whach w i l l  seek t o  e&-3nce the  awareness of Eqyptians,. from decisionarakrro- t o  
sl? k l a q r s ,  of the p c t p h t i a l  of renewables i n  Egypt. However, t h e  main purpose 
of these a c t a v i t l e s  is tha t es t  of tha v i a b i l i t y  of renewable energy 
tec5nologies  I n  3 ~ ~ y t  s o  t h a t  a s  t he  energy p r i c ing  s t r u c t u r e  changes, t hose  
technologies which have already p r w e n  succsss fu l  w i l l  be ready t o  come i n t o  
videqpread use. An examination of ~ g y p t l a n  c a p a b i l i t i e s  has . shown t h a t  the 
eqert lse  t o  produce reneunbla tachnologiaa already e x i s t s  and, indeed, a 
s&l  amount of manufacturing i s  t a k i n g  placa: howvs r ,  t echn ica l  a s s l s t anca  
and t r a i n i n g  may he  necessary t o  br ing tha Eqyptians up t o  an i n t e r n a t i o n a l l y  
c r r a c t l t a v e  s tandard.  Such an a c t i v l t y  might be considered a s  an appropr ia te  

7 llow-on to t h i s  sub-proy a c t .  

me energy planning a s s i s t ance  proqram w i l l  help GOE energy ana lys t s  
T-tify the  p o t e n t i a l  b e n d  i ts  of rolar/wind energy u t i l i z a t i o n ,  and 
encourage its development by h i q h l i g h t h g  its e f f e c t  i n  reducinq consumption 

. of conventional f u e l s ,  reducing c a p i t a l  expenditures i n  g r l d  extensions t o  
! r e m t c  a reas ,  avoiding conventional qeneration equipment c o s t s  supplyinq 

r e l i a b l e  energy supp l i e s ,  c r e a t i n g  s o l a r  i n d u s t r i a l  d e v s l o p k n t  and employment 
; 1 oppor tuni t ies ,  and p ro jec t ing  savinqs i n  o i l  consumption and increases  in  o i l  

export  p o t e n t i a l .  
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RENEWABLE ENERGY FIELD TESTING SUB-PROJECT DESCRIPTION 

I. SUMMARY AND RECOMMENDATIONS 

A. Goal and Puruose 

Described herein is the second sub-project of an energy project having 
three sub-projects: Energy Policy and Planning, Renewable Energy 
Resources Field Testing, Utility Management. These sub-projects have as 
their common goal the efficient utilization of Egypt's extensive and 
increasingly complex range of energy resource options. They are designed 
to deal with three of the major problems which the Egyptians have 
identified as needing urgent attention for their impact upon the economic 
and social development of the country and, as such, are intimately 
related to each other. 

The purpose of this sub-project is to collect and analyze information on 
the technical, economic and cultural feasibility of utilizing selected 
renewable energy technologies through field tests in Egypt which might 
permit widescale replication by both the public and private sector in the 
five to ten.year timeframe. 

B. Sub-Project Summary 

This sub-project has four major elements: 1) Field Tests; 2) Supporting 
Analyses; 3) Training; and 4) New Initiatives (Figure 1-1). These 
activities are described in detail in Section TI1 - Sub-Project 
Description. 

Primarily, this sub-project will do the following: 

o Collect data and conduct field tests on selected renewable 
energy technologies which will permit a judgment as to the 
technical, economic and social feasibility of these systems in a 
variety of Egyptian industrial, agricultural and remote settings; 

o Establish an information system to collect and disseminate data 
on the field tests and on those of other renewables systems in 
Egypt on a continuing basis to support policy and investment 
decisions and system replication of those applications which are 
most promising in a five-ten year timeframe; 

o Provide training, education and operational experience to 
potential users of renewable energy systems and decision-makers, 
especially training on system maintenance and repair, to enhance 
and accelerate the building of the required technical 
infrastructure; 



o Provide the means to evaluate and support new initiatives in the 
form of studies and field tests which may evolve as the solar 
energy technologies are proven and accepted in the Egyptian 
environment. 

The scope of this sub-project involves all renewable energy technology 
and related applications wLth the exception of biomass and mini-hydro 
which are subjects of other specific USAIDIGOE projects, the Applied 
Science and Te~~inology Research Project and an activity under discussion, 
respective Ly . 

C. Sunmory Financial Requirements 

A summary of the estimated resources required for this sub-project is 
presented in Table 1-1. The total cost of the sub-project is 
approximately $28.5 million. The AID share amounts to approximately 
$24.1 million and the Government of Egypt (GOE) share is $4.4 million in 
local currency equivalent. This represents a cost share ratio between 
AID and the GOE of 852-152 including the value of services and goods in 
kind which will be supplied by the GOE. A detailed cost breakdown is 
presented in Section VII - Financial Plan. 

D. Recommendations 

It is recommended that the sub-project as described herein be approved 
and grant funding of $24.1 million be authorized. It is further 
recommended that the activities under the sub-project be implemented over 
a 60-month period From date of signing of the grant agreement. 

E. Sub-Project Desinn Team 

The design team which supplied technical support to USAID/Cairo for 
development of this Project Paper consisted of economists and engineers 
with expertise in solar energy technologies from the Following 
organizations: Aerospace Corporation, Development Sciences, Inc., 
AIDIW's Office of Energy, Georgia Institute of Technology and the 
National Aeronautics and Space Administration. Egyptian authorities and 
organizations participating in the preparation of the Project Paper 
include the Qattara Hydro Renewable Energy Authority (QHREA), the 
Egyptian Electricity Authority (EEA), both Authorities under the Ministry 
of Electricity and Energy, various governorate ministries and other 
participating entities cited in Annex A. 

I Energy Project for Egypt, AID Project Identification Document, 1981. 
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IT. BACKGROUND 

A. The Problem 

Energy  became a n  i n c r e a s i n g l y  abdundan t  r e s o u r c e  i n  Egypt  d u r i n g  t h e  
1 9 7 0 ' s .  The a d d i t i o n  of  m a j o r  new i n c r e m e n t s  o f  e l e c t r i c  power 
g e n e r a t i o n ,  combined w i t h  g rowth  i n  p e t r o l e u m  p r o d u c t i o n ,  have  i n s u r e d  
t h a t  E g y p t i a n  e n t e r p r i s e s  h a v e  n o t  had t o  f a c e  b a s i c  p h y s i c a l  c o n s t r a i n t s  
on  e n e r g y  u s e  ( a l t h o u g h  s u p p l y  p rob lems  have  c r e a t e d  some l o c a l  p e r i o d i c  
f u e l  s h o r t a g e s  r r  e l e c t r i c a l  o u t a g e s ) .  The GOE h a s  p r o v i d e d  heavy 
s u b s i d i e s  i n  most c a t e g o r i e s  of  e n e r g y :  e l e c t r i c i t y ,  b u t a n e  g a s ,  h e a t i n g  
o i l ,  d i e s e l ,  k e r o s e n e  and  g a s o l i n e .  I n  a d d i t i o n ,  t h e  GOE h a s  made t h e  
d e c i s i o n  t o  f o r e g o  r e v e n u e  f rom e x p o r t  s a l e s  o f  p e t r o l e u m  a t  wor ld  marke t  
p r i c e s  i n  f a v o r  o f  s e l l i n g  p e t r o l e u m  on t h e  d o m e s t i c  marke t  a t  s u b s i d i z e d  
r a t e s .  With p r o d u c t i o n  from e x i s t i n g  o i l  f i e l d s  p r o j e c t e d  t o  b e g i n  
d e c l i n i n g  by t h e  mid-1980 '9 ,  u n l e s s  new f i e l d s  a r e  d i s c o v e r e d ,  t h e  
u rgency  f o r  e n e r g y  p o l i c y  r e f o r m ,  e s p e c i a l l y  i n  a p p r o p r i a t e  p r i c i n g ,  i s  
m a n i f e s t l y  c r i t i c a l .  F u r t h e r m o r e ,  t h e  GOE h a s  come t o  r e c o g n i z e  t h e  need  
t o  maximize o i l  e x p o r t s  i n  o r d e r  t o  s e c u r e  f o r e i g n  exchange  r e q u i r e m e n t s  
f o r  deve lopmen t  p l a n s ,  i n c l u d i n g  t h o s e  i n  t h e  power s e c t o r .  Hence, t h e  
need t o  e x p l o r e  a l t e r n a t i v e s  t o  f o s s i l  f u e l s  f o r  f u t u r e  e n e r g y  
r e q u i r e m e n t s .  

Renewable Energy  A c t i v i t i e s  i n  Egypt  

The GOE d o e s  n o t  y e t  have  a  comprehens ive  p l a n  f o r  t h e  deve lopmen t  and  
i n t r o d u c t i o n  o f  r enewab le  e n e r g y  r e s o u r c e s .  However, t h e r e  a r e  a  number 
of  r e n e w a b l e  e n e r g y  a c t i v i t i e s  i n  p l a c e  o r  p l anned  f o r  Egyp t .  They r a n g e  
from r e s e a r c h  programs i n  u n i v e r s i t i e s  t o  d e m o n s t r a t i o n  p r o j e c t s  
e s t a b l i s h e d  by t h e  GOE's M i n i s t r y  o f  E l e c t r i c i t y  (MOE). Many of t h e  
a c t i v i t i e s  a r e  funded  unde r  b i l a t e r a l  a g r e e m e n t s  and  c o o p e r a t i v e  programs 
w i t h  t h e  deve loped  c o u n t r i e s  t h a t  a r e  l e a d i n g  i n  t h e  f i e l d .  Examples 
i n c l u d e :  

o  Deployment of s m a l l  ( 0 . 1  t o  2 kw) p h o t o v o l t a i c  power s y s t e m s  f o r  
p o t a b l e  w a t e r ,  a g r i c u l t u r a l ,  and  r emote  s y s t e m  a p p l i c a t i o n s  and  
t h e  t e s t i n g  of  s o l a r  w a t e r  h e a t e r s  and c o l l e c t o r s  ( w i t h  t h e  
German F e d e r a l  M i n i s t r y  o f  S c i e n t i f i c  C o o p e r a t i o n ) ;  

b 

o I n s t a l l a t i o n  o f  i n s o l a t i o n  measurement  s t a t i o n s  and  a  s o l a r  
c o l l e c t o r  l a b o r a t o r y  and  t h e  d e m o n s t r a t i o n  of  s o l a r  w a t e r  
h e a t e r s ,  a  d e s a l i n a t i o n  u n i t ,  and  a  s o l a r  r e f r i g e r a t o r  ( w i t h  t h e  
Commissa r i a t  A L ' E n e r g i e  Atomique and S o c i e t e  F r a n c a i s e  D 'E tudes  
Thermiques  e t  D ' E n e r g i e  S o l a i r e ) ;  

o  S u r v e y ,  c o l l e c t i o n ,  and  a n a l y s i s  o f  wind e n e r g y  d a t a  ( f u n d e d  by 
A1D)and t h e  deve lopmen t  of  s t r a + ? g i e s  and p o l i c i e s  f o r  t h e  
u t i l i z a t i o n  of  wind e n e r g y  r e s o u r c e s ;  

o  I d e n t i f i c a t i o n  and  d e f i n i t i o n  of  s m a l l - s c a l e  s o l a r  pumping 
s y s t e m s  ( w i t h  t h e  U n i t e d  N a t i o n s  Development P rog ram) ;  and  



TABLE 1-1 S U W R Y  COST ESTIMATES AND FINANCIAL PLAH 
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o Pre-feasibility study for the establishment of the Egyptian 
Renewable Energy Development Organization (EREDO) for promotion, 
evaluation, and implementation of renewable energy resources 
(with the European Economic Community). 

QHREA has responsibility for implementation of most of the bilateral 
projects, working with other MOE agencies as well as the Egyptian 
universities. Ho~ever, these activities have had varying degrees of 
YLCC~SS. SOPLC ha-e h e ~ n  transfers of equipment, with little transfer of 
operat ion an,: m.,ir,tenn!\ce rki 11s , rendering them inoperable. Others are 
still in the tslklrg stage, such as the UNDP pumping project. 

':SAID held discussions with other donors as well as other recipients of 
renewable energy technologies. USAID and the project design team visited 
the sites of other projects wherever feasible. Application and site 
selection of this sub-project was accomplished with as much information 
as Gias available on these other projects so as to avoid duplication and 
foster collaboration among all donors. 

ERXDO, once established, and the implementation of this USAID/Cairo 
Renewable Energy Field Testing sub-project will represent significant 
contributions in advancing renewable energy technologies in Egypt. 
Even though EREDO will be a few years in development (currently in the 
feasibility study phase), this USAID Renewable Energy Field Testing 
sub-project was developed in coordination with the EREDO concept. As a 
result of the assesement of needs in the renewables area, an excellent 
opportunity exists for a linkage with the EREDO structure as well as the 
other donor activities. As the EREDO structure Is still developing, 
USAID is not concerned with duplicating efforts; rather, USAID looks 
forward to full cooperation with EREDO in implementing the GOE strategy 
for renewable energy development. This cooperation is assured as Q W A  
will be the primary implementing agency in both cases. 

See Annex L for details on other donor activity in renewables in Egypt, 
including a summary of EREDO and its objectives. 

C. Sub-project Relationship to Host Country Strategy and Other 
USAID Projects 

Following the U.S. Department of Energy (DOE) sponsored Egypt-U.S. 
Cooperative Energy Assessment in 1978, the Mission began discussing with 
the QHREA the possibility of cooperation in the area of renewable 
energy. USAID followed up those discussions in 1979 by contracting with 
the MITRE Corporation to do an analysis of options on "Renewable Energy 
in Egypt ." 
As a result of discussions with the GOE's hinistry of Electricity, it was 
clear that the systematic development of an energy policy was urgently 
needed and a project which would give technical assistance and training 
to policy-makers could lay ground for the GOE to form a rational, overall 
energy policy, taking into consideration renewable energy technologies. 
In addition, the EEA requested assistance in utility management, which 
will be the third sub-project to the one qroposed herein. 
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The GOE has shown a strong interest in research in non-conventional 
sources of energy over the last decade. It has given to the QHREA the 
authority to carry out studies beyond basic research in technical and 
economic field testing, as well as the implementation of renewable energy 
projects. The Supreme Council for Renewable Energy Technologies provides 
guidance to the QHREA for its activities. This Council has three major 
functions: 

- planning for the use of new and renewable sources of energy on 
the national level; 

- coordination between different concerned organizations in the 
country; 

- determination of the priorities of projects. 

It is chaired by the Minister of Electricity and has a technical 
secretariat head. Its members are: 

First Under Secretaries of State of 
Ministry of Industry 
Ministry of Agriculture 
Ministry of Military Production 
Ministry of Education 

President of the Academy of Scientific Research and Technology (ASRT) 
Director of the National Research Center (NRC) 
Chairman of the Board of 

Qattara Hydro and Renewable Energy Authority 
Egyptian Electricity Authority (EEA) 

Proceedings of this Council are reported to the Supreme Council on Energy 
for consideration and potential for integration into the global energy 
plan. The QHREA as the primary authority for renewables (See Annex P) 
collaborates with all members of the Supreme Council on Renewable Energy 
and with universities. 

The current stated goal of the GOE is to utilize renewable energy 
technologies for 5% of the total energy needs by the year 2000 and USAID 
has, since 1979, been developing with them an approach which we believe 
will examine options which will asssist them in meeting that goal. 

"...Hydropower potential in Egypt has already been utilized up to 
two-thirds, with an energy output of nearly 10 billion Kwh per year. The 
remainder is to be fully utilized by the year 2000, with an anticipated 
energy output of 15 billion Kwh per year. However, total hydropower is 
expected to cover only 15% of total electricity demand by 2000 or nearly 
74 of total energy 

This realization that traditional fuel sources are dwindling but demand 
is continuing to rise at an alarming rate has caused Egyptian 
policy-makers to be anxious to move forward to demonstrate the 
effectiveness of renewables and introduce them on a wide scale. 



Ln the Ministry of Electricity and Energy's (MOE) Sector Strategy it is 
specifically stated as an objective that there will be: 

"...Optimum use of energy sources in Egypt in generating electrical 
energy and to keep up with scientific and technological development in 
the transmission and distribution of electrical energy resulting from 
utilization of hydro and natural gas, petroleum. nuclear, wind and solar 
energy with concentration on immediate initiation of implementation of 
the Egyptian plan for the setting up of nuclear  station^."^ 

Annex 0 includes two tables from the strategy which demonstrate the 
magnitude of the annual cost of fuel and government subsidies in 
Lqdustrial heating, showing the potential for fuel savings and revenue 
savings as viewed by the COE and the reason for their emphasis on those 
areas in which field tests have been chosen. 

The MOE has been working with the United Nations Development Program 
(UNDP) on a strategy for renewables in Egypt. A draft working paper for 
that effort produced some very interesting conclusions which parallel the 
design of USAID's sub-project. The draft strategy found: 

"...In the case of solar energy, which is available everywhere, zoning 
will be based on the following thinking: 

a) In the present inhabited regions along the Nile, in the Delta, 
and within 15 km (tentatively chosen) of the electricity grid, 
projects can be implemented to replace some existing applications 
which are heavily dependent on the use of conventional energy sources 
such as oil and gas as well as on human and draught animal power; 

b) In the case of Satellite Villages which are not included in the 
short-term national plan for rural electrification, small 
photovoltaic systems (together with biogas applications) may be 
suitable for Lighting, at least in the streets, mosques, clinics and 
schools ; 

c) Within 15 km of the grid, projects whose end-product is 
electricity generation may be considered with a view to connecting 
them with the grid; 

d) In the remote areas (practically defined as 15 km or more from 
the electricity grid) sites may be considered where there is either 
underground water (solar pumping), remote locale like the 21 Islands 
in Lake Nasser, sea or brackish water (desalination), or having a 
strategic value (mine, airport or camp). " 4  

Excerpted from Statement by Deputy Prime Minister A.E. Hilal at the 
U.N. Conference on New and Renewable Energy, Nairobi, Kenya, 13 
August 1981. 
"Strategy for the Ministry of Electricity for 1980 - 2000," p. 6, 
Ministry of Electricity and Energy, Egypt, July 1980. 



The draft strategy also presents criteria for assigning priorities to 
projects: 

"...i. High Priority Projects: 

These are the projects which depend on a mature technology, 
i.e. are technically and economically feasible. These are 
especially ranked according to: social impact, adaptability 
to local conditions (social acceptability, etc.), potential 
for local manufacture, institutional and individual 
capabilities. The weight factors used are the same for all 
( 3 ,  2, 1, 0). 

ii. Intermediate Priority Projects 

These are priority projects characterized by relating to 
costly technologies with no proven reliability in the 
field. They are similarly ranked among themselves as in 
(i) above plus a factor related to upgrading research and 
development capabilities. 

iii. Low Priority Projects: 

Those which do not meet the immediate needs of the 
country."5 

In Annex 0, a priority listing of on-going and proposed GOE projects from 
the draft strategy shows nine of the applications AID is proposing to be 
of high priority and two to be of intermediate priority. 

111. SUB-PROJECT ELEMENTS 

A. Introduction 

Implementation of present Egyptian plans for agricultural and industrial 
expansion, together with expected population growth and increased 
urbanization, will require additional energy sources. Present plans 
indicate requirements for: 

o Industrial process energy in the urban areas; 

o New sources of fresh water including sea or brackish water 
desalination; 

o Small capacity, low-head water pumping for desert reclamation 
projects along the Nile; 

o Large capacity, high-head water pumping systems to obtain 
additional water for reclaimed regions; 

4 Draft of "Preliminary Outline of a National Strategy for the 

Utilization of new and Renewable Sources of Energy in Egypt," pp. 
5-7, Ministry of Electricity and Energy and UNDP, Egypt, 20 December 
1981. 



o Cold s t o r a g e  i n  t h e  remote r e g i o n s  t o  s t o r e  p e r i s h a b l e  f o o d s ;  and 

o  E l e c t r i c i t y  i n  i s o l a t e d  v i l l a g e s .  

The i n a b i l i t y  of  c o n v e n t i o n a l  e n e r g y  s o u r c e s  t o  s a t i s f y  t h e  Egyp t i an  
growth r e q u i r e m e n t s  i s ,  i n  p a r t ,  due t o  t h e  c o u n t r y ' s  geography.  Egypt 
i s  p a r t  of  a  broad d e s e r t  t h a t  e x t e n d s  From t h e  A t l a n t i c  Coast  of A f r i c a  
i n t o  t h e  Middle E a s t .  The geo logy  of Egypt has  produced f o u r  
g e o g r a p h i c a l l y  d i v e r s e  r e g i o n s  w i t h  d i f f e r e n t  r e s o u r c e s ,  needs  and ene rgy  
s o u r c e s :  ( 1 )  * h ~  Ni le  Va l l ey  and D e l t a ;  ( 2 )  t h e  Western D e s e r t ;  ( 3 )  t h e  
E a s t e r n  Dese r t  and Red Sea h i g h l a n d s ;  and ( 4 )  t h e  S i n a i  P e n i n s u l a .  

The N i l e  V a l l e y  and D e l t a  r e g i o n  s u p p o r t s  o v e r  95 p e r c e n t  of  t h e  p e o p l e ,  
c o n t a i n s  a lmos t  a l l  of  t h e  c o u n t r y ' s  f r e s h  w a t e r  s u p p l y ,  c u l t i v a t e d  l a n d ,  
good r o a d s  and c o n v e n t i o n a l  e n e r g y  s o u r c e s .  By c o n t r a s t ,  t h e  Western  
D e s e r t ,  which a c c o u n t s  f o r  a b o u t  t h r e e - q u a r t e r s  of  E g y p t ' s  l and  a r e a ,  h a s  
v e r y  l i m i t e d  a g r i c u l t u r e  and permanent h a b i t a t i o n  due t o  s p a r s e  f r e s h  
w a t e r  s u p p l i e s .  I s o l a t e d  communi t ies  i n  d e s e r t  r e g i o n s  a r e  s i t u a t e d  a t  
s i x  o a s e s  and i n  a  narrow c o a s t a l  s t r i p  a l o n g  t h e  M e d i t e r r a n e a n .  
Development of t h e  Western D e s e r t  r e g i o n  has  been f u r t h e r  hampered by 
poor r o a d s  and t h e  l a c k  of c o n v e n t i o n a l  g r id -connec ted  power. 

The E a s r e r n  D e s e r t  and Red Sea  h i g h l a n d s  r e g i o n ,  compr i s ing  a lmos t  20 
p e r c e n t  of  Egypt ,  i n  g e n e r a l ,  d o e s  n o t  have  a  n a t u r a l  f r e s h  w a t e r  supp ly ;  
t h e r e f o r e ,  growth of t h i s  r e g i o n  haa been l i m i t e d  t o  v e r y  few permanent 
s e t t l e m e n t s  devo ted  t o  development of  o i l ,  g a s  and m i n e r a l  d e p o s i t s .  
Access by road i s  c i r c u i t o u s  and power, i n  most i n s t a n c e s ,  i s  p rov ided  by 
d i e s e l  e n g i n e s .  The S i n a i  P e n i n s u l a ,  l o c a t e d  e a e t  of  t h e  Gulf of Suez ,  
a l s o  has  few i n h a b i t a n t s ,  bu t  i s  g raced  w i t h  some f r e s h  w a t e r  a l o n g  w i t h  
c o a l  and m i n e r a l s .  The f r e s h  w a t e r  s u p p l i e s  a r e  c o n f i n e d  t o  a q u i f e r s  i n  
t h e  Maghara a r e a  of  t h e  n o r t h  and a  few s h a l l o w  wells a l o n g  t h e  S i n a i  
Coas t .  The l i m i t e d  a v a i l a b i l i t y  o f  f r e s h  wa te r  from t h e  deve loped  N i l e  
r e g i o n ,  a l o n g  w i t h  t h e  i s o l a t i o n  of t h e  Western D e s e r t ,  E a s t e r n  D e s e r t  
and S i n a i  communi t ies ,  have r e s u l t e d  i n  t h e  e x t r e m e l y  s l o w  and s h a r p l y  
c o n s t r a i n e d  development of  t h e s e  remote s e t t l e m e n t s .  The l a c k  of 
c o n v e n t i o n a l  e n e r g y  r e s o u r c e s ,  o i l  o r  e l e c t r i c i t y ,  i n  some of t h e  
o u t l y i n g  a r e a s  w i l l  make some a p p l i c a t i o n s  of  renewable  e n e r g y  
t e c h n o l o g i e s  p o t e n t i a l l y  economica l ly  a t t r a c t i v e .  U l t i m a t e l y ,  a s  
renewable  ene rgy  sys tem performance improves ,  a s  mass p r o d u c t i o n  r e d u c e s  
t h e i r  c o s t ,  and a s  c o n v e n t i o n a l  ene rgy  c o s t s  e s c a l a t e ,  renewable  ene rgy  
sys tems  w i l l  be c o m p e t i t i v e  i n  a d d i t i o n a l  r e g i o n s .  F i g u r e  111-1, from 
Refe rence  1, c h a r a c t e r i z e s  t h e  e x i s t i n g  road and power l ine  network and 
d e p i c t s  t h e  l o c a t i o n  of p o t e n t i a l  a p p l i c a t i o n s  f o r  renewable  ene rgy  i n  
Egypt 

3 I b i d .  

"The Role of Renewable Energy Resources  i n  E g y p t ' s  Development P lans"  
by A. E l  Tablawi ,  M i n i s t r y  of E l e c t r i c i t y  and Energy and Moharned K.  
Nadar, M i n i s t r y  of  I r r i g a t i o n ,  GOE, June  1981. 



B. Approach 

The Renewable Energy Field Testing sub-project has four major elements: 
Field Tests, Supporting Analyses, Training and New Initiatives. Through 
these four interrelated and complementary elements, the sub-project is 
designed to: 

o Collect and analyze information on selected renewable energy 
technologies which will permit a judgment as to their technical, 
economic and social feasibility; 

o Provide on-going technical support to the sub-project through 
establishment of a broader data base, social, economic and 
market analyses, and supporting studies to evaluate existing 
field tests, identify new opportunities for renewable 
technologies and energy conservation, and determine where 
maximum impact from system replication is possible, as well as, 
provide planning support for interfacing with other Egyptian 
programs and follow-on activities; 

o Provide training in system operation and maintenance to support 
and accelerate the building of the requisite technical 
infrastructure; also, provide information dissemination and 
technology transfer through training activities and operational 
experience to encourage acceptance and growth of renewable 
energy technologies; and 

o Review, evaluate and support appropriate new initiatives in 
renewable energy to promote acceptance and replication in 
related industrial, agricultural and remote applications. 

These four elements, depicted in FLgure 111-2, are described in the 
following sections. Project Management, which is very important to the 
successful completion of this type of project, is discussed in Section F 
- Sub-project Administration and Implementation Plan. The scope of this 
sub-project involves all renewable energy technologies and related 
applications with the exception of biomass and mini-hydro which are 
subjects of other specific USAIDIGOE Projects. 

C. Field Tests 

Emphasis in the Renewable Energy Field Testing sub-project is on field 
testing of various technologies for GOE-identified, high priority needs 
and applications. Based on Egypt's general energy needs and growth 
requirements discussed in the Introduction and on potential field tests 
of renewable energy resources and applications identified in the PID, 
QHREA and EEA arranged visits with appropriate local agencies to review 
the previously identified applications and sites and to visit additional 
sites. Several sites were proposed and visited for each renewable energy 
system application. 
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All of the field tests chosen involve public sector institutions for a 
variety of reasons. As a field testing project, USAID is seeking to 
collect data on the feasibility of these systems first in the public 
sector where there is the greatest potential for energy savings and which 
plays a key role in the development of popularization of renewables. 

In the industrial process heat applications, for example, which were 
identified as having great priority, the private sector has a small share 
of investment relative to the public sactor: spinning and weaving (18X), 
basic metals (8X), other manufacturing (11%). This general pattern of 
private sector or public sector concentration in particular industries is 
likely to change only gradually.' 

It is felt that QHREA, which has prime responsibility in the GOE for 
renewables, will provide a sound institutional base for the project, from 
which controlled field tests, including extensive data collection can be 
done. Data collection requirements in technical, economic and social 
fields will be onerous, so that it was felt that QHREA could better 
assure cooperation from public than from private organizations. However, 
USAID will involve the private sector in the original field tests, 
remaining open to utilizing a private firm in any of the field tests, but 
requiring that the New Initiatives be carried out by private firms. 
Training through seminars and field test visits will be available to 
private as well as public sector personnel. 

Ultimately, we see the function of renewables development and local 
manufacture lying with the private sector; however, field experience will 
be necessary before that is possible. Technologies such as those 
involved in domestic hot water heating which have widespread use 
elsewhere have not been included in this project as it is expected that 
their development will come about naturally through the private sector 
when energy pricing signals are right. Although such systems are in 
widespread use throughout the region, the subsidization of energy prices 
has not made them attractive in Egypt. Be that as it may, there are 
still about five nascent Egyptian solar flat plate collector 
manufacturing companies, some of them joint ventures with developed 
countries such as the U.S. and Israel, which are anxious to see these 
field tests go forward. If the data generated by the field tests show 
the feasibility for widescale replication if these technologies and 
market studies demonstrate the potential for them then decision-makers 
and the private sector will be encouraged to increase investment in these 
technologies. We believe that the value of information gathered through 
the proposed field tests will significantly shorten the gestation period 
for the use of those renewables. In order to select the more viable 
field test candidates, an assessment was made utilizing factors based on 
the following criteria: 

'"private Sector Industrial Development Strategy," by Paul G. Clark, p. 
3, Boston University, draft, August 1981. 
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o The country's regional and overall growth and development 
requirements, emphasizing improvements in industrial and 
agricultural productivity and the potential for these 
technologies to contribute to that development in the long run; 

o The technical feasibility of renewable energy technology to 
reliably meet GOE-identified needs and applications; 

o The general applicability and replication potential associated 
with the selected application and technology; 

o Local ability and willingness to utilize, maintain and 
contribute to the installation of the technologies selected and 
data collection requirements for the field test and the 
perceived chance for a successful field test; 

o The visibility of the field test and the potential opportunity 
to meet a need and to stimulate the introduction of the 
technology through a successful prototype or pilot plant field 
test ; 

o The economic and social feasibility of renewable energy 
technology compared with alternative conventional energy 
sources; and 

o The inability or inappropriateness of conventional energy 
sources to meet current and/or future GOE-identified needs. 

Economic feasibility has actually been categorized in the following 
manner : 

\ 1. Technologies, matched to identified needs, which have proven 
nearly economic, compared to conventional systems, under certain 
conditions in the United States and elsewhere and are worth 
testing out in Egypt in order to obtain actual data on 
installation, operation and maintenance costs; 

2. Remote applications, though not economic, where alternatives may 
not exist or where providing conventional fuel may be 
prohibitive in cost and unreasonable in terms of personnel 
requirements for operation and maintenance; and 

3. Applications such as in the agriculture sector where the 
Government of Egypt plans extensive development and, though 
perhaps not currently economic, so little information exists as 
to merit investigation. 



Zleven a p p l i c a t i o n s  i n v o l v i n g  f o u r  b a s i c  s o l a r  t e c h n o l o g i e s  have been 
s e l e c t e d  and a r e  recommended f o r  f i e l d  t e s t i n g .  The s o l a r  t e c h n o l o g i e s ,  
t h e  f i e l d  t e s t s ,  l o c a t i o n ,  number of s i t e s  and a  b r i e f  d e s c r i p t i o n  of t h e  
technology a t  t h e s e  s i t e s  a r e  summarized i n  F igure  111-3. The s e l e c t i o n  
of f i e l d  t e s t s  was based upon t h e  minimum system t o  meet t h e  i d e n t i f i e d  
need f o r  energy .  Proven technology and perce ived  l o v - r i s k  t e s t s  were 
s e l e c t e d  a f t e r  numerous d i s c u s s i o n s  wi th  QHREA, EEA and l o c a l  o f f i c i a l s  
a s  t o  t h e i r  needs  and t h e  p o t e n t i a l  s i tes.  Needs were ranked accord ing  
t o  Egypt ian priorities then  t e c h n o l o g i e s  were examined f o r  t h e i r  
s u i t a b i l i t y  t o  meet t h o s e  needs a t  sugges ted  s i t e s .  The a p p l i c a t i o n s  
were s e l e c t e d  h ~ s e d  on  t h e  pe rce ived  p o t e n t i a l  f o r  r e p l i c a t i o n .  A 
t y p i c a l  sche2u-e  of t h e  n i n e  major  a c t i v i t i e s  r e q u i r e d  f o r  each of t h e  
l ' .eld t e s t s  is presen ted  i n  F igure  111-4. F i e l d  t e s t s  i n c l u d e  a n  
e x t e n s i v e  pe r iod  of e v a l u a t i o n  and moni to r ing  of t e c h n i c a l  performance 
and a c t u a l  maintenance and o p e r a t i n g  expenses  i n  o r d e r  t o  de te rmine  t h e  
c o s t s  of t h e  s o l a r  t e c h n o l o g i c a l  a p p l i c a t i o n s  compared t o  competing 
eQergy s o u r c e s .  

Summary d e s c r i p t i o n s  of each  of t h e  f i e l d  t e s t s  a r e  p r e s e n t e d  i n  t h e  t e x t  
t h a t  fo l lows .  A complete d e s c r i p t i o n  of  each  f i e l d  t e s t ,  i n c l u d i n g  
p r e l i m i n a r y  c o n c e p t u a l  d e s i g n s ,  s p e c i f i c a t i o n s ,  c o s t s  and s c h e d u l e s  a r e  
inc luded  i n  Annex B. 

1. S o l a r  P r o c e s s  Heat A p p l i c a t i o n s  

S o l a r  h e a t ,  c a p t u r e d  by a  s o l a r  c o l l e c t o r ,  is one means of us ing  t h e  
s u n ' s  energy .  The s o l a r  p r o c e s s  h e a t  a p p l i c a t i o n s  a r e  among t h o s e  which 
have proved economic i n  t h e  U.S.  and have tremendous p o t e n t i a l  f o r  energy 
s a v i n g s  through widespread a p p l i c a t i o n  i n  t h e  p u b l i c  and p r i v a t e  s e c t o r s  
i n  Egypt.  I n  o r d e r  t o  s t a n d a r d i z e  t h e  s o l a r  c o l l e c t o r  t y p e s  used I n  
t h e s e  f i e l d  t e s t s ,  g lazed f l a t - p l a t e  c o l l e c t o r s  w i l l  be used i n  
a p p l i c a t i o n s  r e q u i r i n g  t empera tu res  under 80°C. Another way of s a v i n g  
c o n v e n t i o n a l  f u e l  i s  t o  recover  waste h e a t .  T h i s  is  accomplished by 
u s i n g  a  h e a t  exchanger t o  lower t h e  t empera tu re  of  t h e  exhaus t  energy t o  
 reheat a  working f l u i d .  Both s o l a r  the rmal  h e a t i n g  and waste h e a t  
r ecovery  a r e  proposed f o r  two of t h e  f i v e  f i e l d  t e s t s  summarized below 
whi le  s o l a r  h e a t i n g  on ly  i s  proposed f o r  t h e  remaining f o u r  s i t e s .  

a .  S o l a r  Water Heat ing f o r  Milk Produc t s  P l a n t  - T h i s  f i e l d  
t e s t  w i l l  usk 15,000 i tL  of f l a t - p l a t e  c o l l e c t o r s  which w i l l  d e l i v e r  
approx imate ly  7.3Xlo6 BTUIday f o r  s o l a r  wa te r  h e a t i n g  and p rov ide  h e a t  
f o r  yogur t  i n c u b a t i o n  and h o t  wa te r  f o r  c l e a n i n g  t h e  p l a n t  and 
equipment.  The yogur t  i n c u b a t i o n  h e a t  requirement  i s  r e l a t i v e l y  low 
tempera tu re  (60-800C) and a  r e c i r c u l a t i n g  h o t  wa te r  sys tem w i l l  be used 
i n  c o n j u n c t i o n  w i t h  a  f a n  c o i l  f o r  h e a t i n g  t h e  a i r  i n  t h e  i n c u b a t o r  room 
t o  m a i n t a i n  t h e  d e s i r e d  t empera tu res .  The system w i l l  be used t o  
d i s p l a c e  e l e c t r i c i t y ,  a high g rade  energy s o u r c e ,  which i s  c u r r e n t l y  
being used t o  h e a t  t h e  room. The p l a n t  c l e a n i n g  h e a t  requirement  i s  a l s o  
r e l a t i v e l y  low tempera tu re  (70-800C) and use  of  s o l a r  hea ted  water  f o r  
c l e a n i n g  w i l l  d i s p l a c e  e s s e n t i a l l y  a l l  of  t h e  No. 2 f u e l  o i l  r e q u i r e d  a t  
t h e  p l a n t .  
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b. Solar-Assisted Fruit Dehydration - The proposed field test 
will incorporate a dryer of conventional design capable of processing 10 
tons/day of fruits into approximately 1.5 tonslday of dried product. The 
principal product will be dates; however, a variety of fruits and 
vegetables may be processed as seasonal harvesting dictates. The fruit 
is dried by hot air recirculated through the truck trays. In 
comercially available dryers, the air may be heated either with steam 
coils or clean flue gases. A portion of the air is replaced continuously 
in order to provide adequate moisture exhaust. Conventional design 
includes an exhaust fan so that the system operates at a negative 
pressure. Dampers are manually adjusted to control air exchanger rates. 
The proposed use of solar energy is to provide preheating of the makeup 
air to the system. This application contributes to a reduction in use of 
conventional fuel while minimizing the operating temperature of the solar 
collector array. It also assures that fluctuations in insolation will 
not have a major direct effect on curing temperatures. A 1500 ft2 
direct air heating collector array will be used with no energy storage 
system. This system offers lower capital cost than a water system, and 
the lower collector efficiency normally encountered with air systems will 
be compensated for by avoiding the use of a water-to-air heat exchanger. 
The collector array will be capable of providing peak preheat 
temperatures in the range of 15-27OC above the ambient temperature with 
an average energy contribution of about .70 to .75 MMBtu per day. For a 
projected utilization of 260 dayslyear, the annual energy contribution 
will be 190 MMBtu. 

c. Solar Energy and Heat Recovery for Poultry Processing - 
This proposed field test will be located at the General Poultry Company 
broiler processing plant in Heliopolis, Egypt. The plant presently 
processes 40,000-50,000 chickenelday over an 8-9 hour period. This 
renewable energy application is to use a flat-plate solar array, in 
conjunction with a waste heat recovery system on the plant's 
refrigeration system, to heat water to 70-80°C, store it, and supply 
hot water needed by an expanded plant capacity. The expanded plant 
capacity will be approximately twice current production rates and is 
scheduled to be completed in two years. Reheated stored water will be 
used to satisfy scalder and plant clean-up requirements. It is ex ected 
that the solar flat-plate collector of 16,000 ft2 will supply 8x10 B 
BTUIday while the waste heat recovery system will supply 4x10~ 
BTUIday. The resultant energy of 12x10~ BTUIday will be sufficient to 
process 100,000 birdslday. 

d. Solar Energy and Heat Recovery for Textile Dyeing - The 
objective of the proposed system is to field test an improved method for 
heating of water for dyeing of textile Fabrics. In current operations, 
cold water and chemicals are loaded into the dye beck. The Fabric is 
introduced in a continuous loop which is draped over a horizontal drive 
roll that provides agitation. The dye bath is heated by direct sparging 
of low pressure steam at the bottom of the vessel. 

The existing system will be augmented with waste heat recovery and 
flat-plate solar heating systems. The 14,000 f t2 f lat-plate solar 
collector will supply a major part of the heating requirements. The 
combined heat recoverylsolar energy system will have the capability of 



prov id ing  over  16,000 MMBtu/year assuming 24 hour o  e r a t i o n  s i x  days  a  
w e b .  Waste hea t  recovery i s  expec ted  t o  save 2x10' BTU/day. Ac tua l  
energy c o n t r i b u t i o n s  w i l l  depend g r e a t l y  on t h e  p l a n t ' s  o p e r a t i o n  
schedu le  and t h e  utilization of t h e  system. 

e .  S o l a r  Water Heat ing f o r  Metal  P r o c e s s i n g  - The K o l d a i r  
Company, l o c a t e d  i n  Giza ,  manufactures  wa te r  c o o l e r s ,  f r e e z e r  u n i t s ,  
commercial a i r  c o n d i t i o n i n g  equipment and window u n i t  a i r  c o n d i t i o n e r s .  
Metal  p a r t s  f o r  t h e s e  p roduc t s  a r e  chemica l ly  t r e a t e d  i n  d i p p i n g  t a n k s  
p r i o r  t o  p a i n t i n g .  Sever11 of t h e  t r e a t m e n t  o p e r a t i o n s  ( d e g r e a s i n g ,  
p h o s p h a t i z i ~ i g ,  chroec  d i p  and one h o t  r i n s e )  r e q u i r e  w a t e r  a t  70-60°C. 
Two new au tomat ic  p roduc t ion  machines a r e  being i n s t a l l e d  which w i l l  
p rov ide  coi l t inuous  chemical  t r e a t m e n t  and subsequent  p a i n t i n g  of meta l  
p a r t s  f o r  window u n i t s  and wate r  c o o l e r s .  The energy  r e q u i r e d  t o  
main ta in  t h e  d e s t r e d  ba th  t e m p e r a t u r e s  I n  the  d i p  t a n k s  and a l s o  provide 
a  f o r c e d  a i r  d r y i n g  p r i o r  t o  p a i n t i n g  f o r  t h e s e  two machines i s  4000 t o  
5000 l b  s t eam/hr .  T h i s  energy r a t e  would be ex t remely  h igh  t o  u t i l i z e  a  
s o l a r  sys tem,  and t h e r e  i s  not  enough a r e a  t o  mount c o l l e c t o r s  f o r  such a  
c l p a c i t y .  However, a  more r e a s o n a b l e  use  of s o l a r  would be t o  h e a t  t h e  
water  which i s  used t o  f i l l  t h e  t a n k s  i n i t i a l l y .  The t o t a l  d a i l y  wa te r  
needs  f o r  t h i s  a p p l i c a t i o n  a r e  e s t i m a t e d  t o  be abou t  30,000 g a l l o n s .  
T h i s  r e q u i r e s  50,000 f t 2  of f l a t - p l a t e  c o l l e c t o r s  producing 2 7 x 1 0 ~  
BI'U/day. I n  a d d i t i o n ,  a  s t o r a g e  t ank  i s  r e q u i r e d .  T h i s  s o l a r  energy  
system would be d i s p l a c i n g  No. 2 f u e l  o i l  which is  p r e s e n t l y  burned i n  
t h e  p l a n t  b o i l e r .  

2 .  P h o t o v o l t a i c  Power A p p l i c a t i o n s  

Another moans of  c o l l e c t i n g  and u t i l i z i n g  s o l a r  energy  is through d i r e c t  
convers ion  t o  e l e c t r i c i t y  by s o l a r  c e l l s  o r  p h o t o v o l t a i c  (PV) d e v i c e s .  
S o l a r  c e l l s  were f i r s t  developed f o r  use  i n  space ,  p r o v i d i n g  t h e  
e l e c t r i c a l  power used by space s a t e l l i t e s .  They a r e  now r o u t i n e l y  
a p p l i e d  t e r r e 3 t r i a l l y  t o  powcr a rnul t t tude of  a p p l i c a t i o n s  i n  remote 
l o c a t i o n s ,  i n c l u d i n g  ~:ommunications equipment,  c a t h o d i c  p r o t e c t i o n  f o r  
p i p i n g  and s t r u c t u r e s ,  remote s e n s i n g ,  n a v i g a t i o n a l  a i d s ,  wa te r  pumping, 
e t c .  The proposed PV a p p l i c a t i o n s  a r e  t o  be f i e l d  t e s t e d  t o  c o l l e c t  d a t a  
on t h e i r  performance i n  remote a r e a s  no t  g r id -connec ted ,  such a s  t h e  
f ishermen s h e l t e r s ,  s o  t h a t  a c t u a l  c o s t  and performance d a t a  can be 
c o l l e c t e d .  The pumping a p p l i c a t i o n s  were chosen a s  a  r e s u l t  of t h e  GOE 
d e s i r e  t o  a c q u i r e  con t inuous  d a t a  on t h o s e  sys tems which have p o t e n t i a l  
f o r  widespread r e p l i c a t i o n .  The d e s a l i n a t i o n  systems,  bo th  PV and 
wind-powered, w i l l  p rov ide  much-needed comparat ive  economic d a t a  w i t h  
c o n v e n t i o n a l  sys tems.  

S o l a r  c e l l s  a r e  manufactured from s i l i c o n  u s i n g  t e c h n i q u e s  and equipment 
b a s i c  t o  t h e  s o l i d  s t a t e  e l e c t r o n i c s  i n d u s t r y .  The i n d i v i d u a l  c e l l s  a r e  
packaged i n  modules which a r e  connected t o g e t h e r  i n t o  a r r a y s  t o  p rov ide  
t h e  d e s i r e d  power. Although t h e  equipment,  f a c i l i t i e s ,  and t echn iques  
r e q u i r e d  t o  produce t h e  b a s i c  d e v i c e  a r e  not  l i k e l y  t o  be r a p i d l y  adopted 
by deve lop ing  c o u n t r i e s ,  t h e  p roduc t ion  of modules, a r r a y s  and s u p p o r t i n g  
hardware could  be e a s i l y  d i f f u s e d  i n t o  t h e  h o s t  c o u n t r y ' s  manufactur ing 
s e c t o r .  



To complete the photovoltaic system, a power distribution and controls 
subsystem and optional battery storage are included. Both concentrators 
and flat-plate arrays have been developed; however, only the flat-plate 
arrays have a record of experience in long duration field tests. 
Therefore, for the applications proposed, only flat-plate units will be 
used. The array sizing in the following discussion is in terms of peak 
watts which refers to maximum electrical output of the array (essentially 
the output at noon on a clear day). 

a. Photovoltaic-Powered Fishermen Shelter Systems - The 
proposed 680 Up photovoltaic (PV) power eystem will supply 1.9 kw-hr/day 
of electrical power to each of three shelters for fishermen on Lake 
Nasser. Each PV system will have the potential to supply power to one 
shelter for electrical lights for the common areas, a small 
refrigerator/freezer for storage of medication and vaccines, a water pump 
and a water purifier for potable water. The water pumps will supply 
water for domestic use, irrigation and potable needs. The PV power 
system will be low-voltage to enhance personnel safety and will be 
designed for unattended operation. The final sizing of the PV array and 
battery as well as the final selection of uses for the power provided 
will most likely vary somewhat to meet the needa of each site. The loads 
will all be DC-powered to reduce system coat and increase system 
reliability through the use of fewer components. 

b. Photovoltaic-Powered Irrigation Systems - Solar power for 
pumping irrigation water is idealy suited for small farms where low lift 
pumping is needed and the demand is regular over much of the year.8 
The need for irrigation and water pumping exists throughout Egypt. This 
application is designed to use solar energy to provide low head pumping 
for subsurface irrigation. 

The PV-powered irrigation system will consist of a 250 Wp PV array, 
controls, and a low head water pump designed for 150 m3/day at a 1.5 
meter head or 75 m3/day at a 3.0 meter head for operation from canals 
and shallow wells. To reduce maintenance and system cost, the system 
will be designed without storage and operate only when the sun is 
shining. The water would be discharged into a holding tank for 
subsurface irrigation. 

3 UNDP Project Report, "Small-Scale Solar-Powered Irrigation Dumping 
Systems," July 1981. 



h s u b s u r f a c e  i r r i g a t i o n  sys t em c o n s i s t s  of  main d i s t r i b u t i o n  t u b i n g  from 
t h e  h o l d i n g  t a n k  and d o u b l e  w a l l  t u b i n g  under  t h e  p l a n t  bed.  The w a t e r  
i s  p l a c e d  d i r e c t l y  i n  t h e  r o o t  zone f o r  t h e  p l a n t ' s  u s e .  S i n c e  
s u b s u r f a c e  i r r i g a t i o n  r e q u i r e s  a b o u t  one - th i rd  t h e  w a t e r  p e r  c r o p  a s  d o e s  
f l o o d  t y p e ,  t h r e e  times a s  much l a n d  w i l l  be i r r i g a t e d  by s u b s u r f a c e  a s  
by f l o o d  methods.  Thus t h e  pumping s y s t e m s  w i l l  be c a p a b l e  o f ' i r r i g a t i n g  
up t o  1 5  f e d d a n s  by s u b s u r f a c e .  S i n c e  t h e  pumping s y s t e m  i s  p o r t a b l e ,  
t h e s e  l a n d  areas would n o t  need t o  be c o n t i g u o u s ,  b u t  c o u l d  r e p r e s e n t  
v a r i o u s  f i e l d s  r.?',thin a  r e a s o n a b l e  d i s t a n c e  of  e a c h  o t h e r .  

c . k :~o tovo l t a i c -Powered  Rever se  Osmosis D e s a l i n a t i o n  System - 
The proposed f i e l d  t e s t  i s  a r e v e r s e  osmos i s  d e s a l i n a t i o n  p i l o t  p l a n t  
powered by a  p h o t o v o l t a i c  sys t em.  . Water d e s a l i n a t i o n  by r e v e r s e  osmos i s  
i s  e n e r g y  e f f i c i e n t  and commerc ia l ly  a v a i l a b l e .  Recent  advances  i n  
membrane t echno logy  have l e a d  t o  t h e  d e s i g n  and c o n s t r u c t i o n  of v e r y  
l a r g e ,  conven t iona l ly -powered  p l a n t s .  I n  Egyp t ,  so lar -powered r e v e r s e  
osmos i s  sys t ems  a p p e a r  t o  be a t t r a c t i v e  i n  t h e  f r o n t i e r  g o v e r n o r a t e s .  
The m o d u l a r i t y  of r e v e r s e  osmos i s  and s o l a r  sys t ems  i s  a n  a t t r a c t i v e  
c h a r a c t e r i s t i c  l e n d i n g  i t s e l f  t o  t h i s  s u b - p r o j e c t ' s  f i e l d  t e s t  approach .  

It i s  proposed t h a t  t h e  f i e l d  test  be conduc ted  n e a r  t h e  c e n t e r  of t h e  
v i l l a g e  o f  E l  Kasr  a t  a n  e x i s t i n g  b r a c k i s h  w a t e r  s i t e .  The sys t em 
proposed w i l l  p roduce  10-20 m3/day o f  f r e s h  w a t e r  f o r  t h e  v i l l a g e .  A 
38 kWp PV a r r a y  w i l l  s u p p l y  s u f f i c i e n t  e l e c t r i c a l  e n e r g y  on an a n n u a l  
b a s i s  t o  power t h e  sys tem.  E x c e s s  power d u r i n g  d a y l i g h t  h o u r s  c o u l d  be 
f e d  i n t o  t h e  l o c a l  g r i d .  When t h e  o u t p u t  of t h e  PV a r r a y  i s  i n s u f f i c i e n t  
t o  power t h e  u n i t  ( o r  f o r  more e f f i c i e n t  p r o d u c t i o n  o f  p o t a b l e  w a t e r ) ,  
g r i d - s u p p l i e d  power w i l l  be used .  However, a b u f f e r  s t o r a g e  sys t em w i l l  
be c o n s i d e r e d  i n  t h e  d e t a i l e d  d e s i g n  of  t h e  f i e l d  t e s t  t o  p r o v i d e  a  
d e g r e e  o f  autonomous o p e r a t i o n .  

3. Wind Power A ~ o l i c a t i o n s  

Where a p p r o p r i a t e  wind c o n d i t i o n s  p r e v a i l ,  power g e n e r a t e d  by wind 
machines  i s  a  v e r y  v i a b l e  o p t i o n  f o r  p roduc ing  l a r g e  amounts o f  e n e r g y .  
The b e t t e r  E g y p t i a n  l o c a t i o n s  a p p e a r  t o  e x i s t  a l o n g  t h e  Red Sea c o a s t ,  
based on t h e  d a t a  a v a i l a b l e  t o  t h e  p r o j e c t  d e s i g n  team. A d d i t i o n a l  wind 
measurements  w i l l  be r e q u i r e d  t o  s e l e c t  t h e  s p e c i f i c  s i t e s  f o r  
i n s t a l l a t i o n  and t o  d e t e r m i n e  f i n a l  d e t a i l e d  s p e c i f i c a t i o n s  of  t h e  wind 
machines .  T h i s  i s  due t o  t h e  l i m i t e d  p e r i o d  o f  t i m e ,  f o u r  t o  e l e v e n  
months,  which t h e  a v a i l a b l e  wind d a t a  cove red .  The wind a p p l i c a t i o n s  
s h o u l d  o f f e r  a  v i a b l e  economic a l t e r n a t i v e  t o  e x p e n s i v e  t r a d i t i o n a l  
sys t ems  due  t o  t h e  r emoteness  of  t h e  a p p l i c a t i o n s  chosen .  Once 
i n s t a l l e d ,  t h e s e  sys t ems  w i l l  be c a r e f u l l y  mon i to red  and d a t a  c o l l e c t e d .  

D i scussed  below a r e  two wind power a p p l f r s t i o n s  d e s i g n e d  t o  meet s p e c i f i c  
ene rgy  n e e d s  which t y p i c a l l y  e x i s t  i n  t h e  M e d i t e r r a n e a n  c o a s t  and Red Sea 
r e g i o n s .  



a .  V i l l a g e  Wind Power System - There  a r e  many o u t - r e a c h  
v i l l a g e s  i n  Egypt which t h e  government w i s h e s  t o  e l e c t r i f y .  
u n f o r t u n a t e l y ,  t h e  e x i s t i n g  g r i d  w i l l  n o t  be ex tended  t o  most of t h e s e  
v i l l a g e s  because  of  t h e  d i s t a n c e  i n v o l v e d  and t h e i r  r e l a t i v e l y  small 
s i z e .  Smal l  wind e n e r g y  c o n v e r s i o n  sys t ems  (WECS) may o f f e r  a  v i a b l e  
a l t e r n a t i v e  t o  g r i d  i n t e r c o n n e c t i o n s  f o r  t h e s e  remote  v i l l a g e s .  However, 
l a c k i n g  a d e q u a t e  c o n c l u s i v e  wind d a t a ,  a  s p e c i f i c  v i l l a g e  f o r  s e t t i n g  t h e  
f i e l d  test  c o u l d  n o t  be i d e n t i f i e d .  T h e r e f o r e ,  two g e n e r i c  s i t es  were  
used  t o  s i z e  t h e  f i e l d  test based on assumed wind r eg imes .  

A.wind t u r b i n e  c a p a c i t y  f a c t o r  of  5.2% was chosen  f o r  t h e  low wind regime 
s i t e  and a  c a p a c i t y  f a c t o r  of  13.0% f o r  t h e  h i g h  wind regime s i t e .  
Though t h e  chosen  c a p a c i t y  f a c t o r s  a r e  less t h a n  n o r m a l l y  used  i n  WECS 
s i z i n g ,  t h e y  r e p r e s e n t  t h o s e  c o n s i d e r e d  a t t a i n a b l e  u s i n g  t h e  E g y p t i a n  
wind d a t a  a v a i l a b l e .  The v i l l a g e  e n e r g y  r e q u i r e m e n t s  c o n s i d e r e d  a r e  
t h o s e  r e p r e s e n t a t i v e  of s m a l l  E g y p t i a n  v i l l a g e s .  One r e q u i r e s  50 
kw-hrlday and t h e  o t h e r  r e q u i r e s  s u b e t a n t i a l l y  l e e s ,  1 0  kW-hrlday o r  
18.25 mw-hrlyr. and 3.65 mw-hrlyr r e e p e c t i v e l y .  Based on t h e s e  
c o n s i d e r a t i o n s ,  a  4 ~ W R  and 20 kWR wind t u r b i n e  were used  i n  t h e  
c o n c e p t u a l  d e s i g n  a n a l y s i s .  The 20 kWR sys tem was used i n  d e t e r m i n i n g  
t h e  f i e l d  tes t  c o s t s  and i n  peforming t h e  sys t em economic a n a l y s i s .  The 
20 kWR machine ,  which i s  r a t e d  a t  12 .9  m l s e c ,  would s u p p l y  18.25 
Mw-hrlyr w i t h  t h r e e  d a y s  b a t t e r y  s t o r a g e .  A 4  kW d i e s e l  back-up i s  
recommended f o r  t h e  f i e l d  test  o n l y .  The c o n c e p t  b e i n g  proposed f o r  
f u t u r e  r e p l i c a t i o n  i s  a s t and-a lone  wind sys t em w i t h  s t o r a g e .  

b. Wind-Powered Reverse  Osmoeis D e s a l i n a t i o n  System - The 
e n t i r e  Red Sea  c o a s t  of  Egypt l a c k s  and u r g e n t l y  needs  f r e s h  water f o r  
p r e s e n t  p o p u l a t i o n  and w i l l -  r e q u i r e  a  t remendous i n c r e a s e  i n  t h e  f r e s h  
w a t e r  s u p p l y  t o  s u p p o r t  t h e  p r o j e c t e d  development of  t h e  r e g i o n .  Wind 
s u r v e y s  i n d i c a t e  t h a t  t h e  Red Sea r e g i o n  and Hurgada,  i n  p a r t i c u l a r ,  have  
modera te  v e l o c i t y  p r e v a i l i n g  winds.  The proposed f i e l d  t e s t  i s  a  r e v e r s e  
osmos i s  d e s a l i n a t i o n  p i l o t  p l a n t  powered by a  wind machine.  A s  no ted  i n  
t h e  PV-powered r e v e r s e  oemoeis f i e l d  t e e t  i n  2 .c . ,  so lar -powered r e v e r s e  
oemosis  sys t ems  a p p e a r  t o  be a t t r a c t i v e  o p t i o n s  f o r  a p p l i c a t i o n s  i n  t h e  
f r o n t i e r  g o v e r n o r a t e s  and l e n d  t h e m s e l v e s  t o  f i e l d  t e s t s  of  p i l o t  p l a n t s .  

A 24m d i a m e t e r  b l a d e ,  200kW r a t e d  wind machine o r  a  s u i t a b l e  combina t ion  
of o t h e r  s i z e  machines w i l l  be i n s t a l l e d  a l o n g  t h e  c o a s t  i n  t h e  Red Sea 
r e g i o n .  T h i s  s i z e  machine w i l l  g e n e r a t e  a peak power of  76 kW and a n  
a v e r a g e  d a i l y  power d e l i v e r y  of  500 kW h r / d a y  u s i n g  a v a i l a b l e  Hurghada 
wind d a t a  o r  61 kW peak and 750 kW h r l d a y  u s i n g  a v a i l a b l e  Ras Ghareb wind 
d a t a .  T h i s  i s  s u f f i c i e n t  e l e c t r i c a l  e n e r g y  f o r  a r e v e r s e  osmos i s  u n i t  i n  
t h e  40-75m3/day c a p a c i t y  r a n g e  u s i n g  43 ,000 PPM Red Sea  w a t e r .  
D e t a i l e d  c o n c e p t u a l  d e s i g n  s t u d i e s  w i l l  be r e q u i r e d  b e f o r e  t h e  f i n a l  
sys t em c o n f i g u r a t i o n  is  s e l e c t e d .  I n  a s t a n d - a l o n e  s y s t e m ,  t h e  wind 
ene rgy  c o u l d  g e n e r a t e  power t o  c h a r g e  a  b a t t e r y  o r  p r e s s u r e  v e s s e l  
s t o r a g e  sys tem which would power t h e  r e v e r s e  osmos i s  u n i t .  F o r  t h i s  
. f i e l d  t e s t ,  t h e  l o c a l  g r i d  w i l l  be used  a s  a  back-up power s o u r c e .  
However, a  b u f f e r  s t o r a g e  sys t em w i l l  be c o n s i d e r e d  i n  t h e  d e s i g n  of  t h e  
f i e l d  t e s t  t o  p r o v i d e  a  d e g r e e  of  autonomous o p e r a t i o n .  



4. Solar Thermal Power Applications 

The requirement for refrigeration of cold storage for fish, meat and 
vegetables can be satisfied through the use of a solar-powered Rankine 
cycle refrigeration system developed in the U.S. for the DOE. The system 
has been field tested for several years in space cooling applications. 
This solar thermal application is not yet economic in the U.S.; however, 
the GOE has a great need for these systems in remote areas throughout the 
country and will need data on their economic and technical feasibility 
here in Egypt. 

Solar Rankine Cycle Cold Storage System - This field test is for -- 
a solar-pok7rred cold storage facility. It consists of flat-plate, double 
glazed collectors ground-mounted on a metal truss. The heated water 
vaporizes Freon which drives a high speed turbine. This turbine drives 
the compressor on a common shaft through an electric motor. The output 
of the compressor is a brine solution which is used to condition a 
conventional cold storage locker. Capacity may be augmented by multiple 
unit installation. Each unit is 7 ft X 7 ft X 12 ft, weighs 9000 pounds, 
and has a 25 ton capacity at 1.7 - 7.2OC. Some minor modifications 
will be needed to match the Egyptian grid power which is 220V 50 cycle 
versus the current design of 120V 60 cycle. Solid state controls are 
integral to the unit. The turbine will derive its heat for operation 
during the night hours from an above ground insulated water storage 
tank. It will include a solar thermal Rankine cycle powered 
refrigeration system to provide cold storage at l.1° to 3.g°F for up 
to 100 tons of iced fish. A 6,000 ft2 double glazed flat-plate 
collector with storage tanks will allow the system to operate on an 18 
hour per day duty cycle. A terminal building will be constructed to 
house the 100 ton iced fish cold storage lockers, a conventional 20 ton 
ice machine, insulated storage for 40 tons of ice, service area, and 
receiving and loading docks. Water lines, pumps, and controls for 
supplying water from the lake for the ice machine and cooling tower will 
also be installed. Power controls for the ice machine, water cooling 
tower, water pumps, ice handling conveyors as well as back-up power for 
the solar-powered refrigeration unit will be provided by a dual diesel 
powered generator unit. 

D. Supporting Analyses 

The Supporting Analyses Task constitutes a key element of the Renewable 
b 

Energy Field Testing sub-project. This element will provide both the 
I 

USAID and the GOE with critical data and technical, economic,. and social 
analyses needed for decision-making and project implementation. In 
addition, this element will also provide AID/W with a valuable source of 
information which will be part of a proposed evaluation network. AID/W 
has agreed to furnish technical assistance to the Mission to establish a 
standardized system for measurement of ,conomic, technical, social and 
institutional factors relating to Egyptian renewable energy projects 
(task four). Four tasks will be conducted under this sub-project 
element: (1) The definition of additional candidate renewable energy 
technologies and applications and associated field tests; (2) the 



a c q u i s i t i o n  and a n a l y s e s  of t e c h n i c a l  and s o c i a l  d a t a  and t h e  development 
of d e s i g n  and performance s p e c i f i c a t i o n s  r e q u i r e d  f o r  s p e c i f i c  f i e l d  
t e s t s ;  ( 3 )  c o n t i n u i n g  economic and env i ronmenta l  a n a l y s e s  c o v e r i n g  both  
c u r r e n t l y  planned and f u t u r e  f i e l d  t e s t s  of renewable  energy  
a p p l i c a t i o n s ;  and ( 4 )  t h e  e s t a b l i s h m e n t  of a n  i n f o r m a t i o n  sys tem on t h i s  
and o t h e r  Egypt ian  renewable  energy  p r o j e c t s  a s  w e l l  a s  s t a t e  of  t h e  a r t  
developments which w i l l  pe rmi t  a  judgment as t o  t h e  f e a s i b i l i t y  of t h e i r  
r e p l i c a t i o n  i n  t h e  f i v e - t e n  y e a r  t imeframe. 

A number of renewable energy  a p p l i c a t i o n s  have been i d e n t i f i e d  by t h e  GOE 
c o u n t e r p a r t s  f o r  p o t e n t i a l  f i e l d  t e s t s  i n  Egypt on t h e  b a s i s  of t h e i r  
u t i l i t y  t o  t h e  Egypt ian  p e o p l e .  Some of t h e s e  a p p l i c a t i o n s ,  a l t h o u g h  
t h e y  may be d e s i r a b l e ,  a r e  n o t  now t e c h n i c a l l y  o r  economica l ly  
c o m p e t i t i v e  w i t h  c o n v e n t i o n a l  o r  o t h e r  a l t e r n a t i v e  energy  sys tems and 
have been excluded from c u r r e n t  c o n s i d e r a t i o n .  Other  a p p l i c a t i o n s  and 
f i e l d  t e s t s  may be p r a c t i c a l  bu t  r e q u i r e  f u r t h e r  d e f i n i t i o n  and 
a d d i t i o n a l  d a t a .  Examples i n c l u d e :  

o  I n d u s t r i a l  a p p l i c a t i o n s  i n  chemica l ,  p e t r o c h e m i c a l ,  paper  and 
pu lp  and mining p l a n t s ;  

o  F u e l  o i l  p r e h e a t i n g ;  

o  Frozen s t o r a g e ,  e s p e c i a l l y  i n  t h e  Governora tes  of Upper Egypt;  

o  Secondary and t e r t i a r y  recovery  i n  o i l  f i e l d s ;  

o  P a s s i v e  s o l a r  sys tems ;  

o  Loca l  e l e c t r i c a l  g r i d  supp lementa t ion ;  

o  A g r i c u l t u r a l  a p p l i c a t i o n s ;  and 

o  Numerous a p p l i c a t i o n s  and f i e l d  t e s t s  s p e c i f i c  t o  t h e  
development needs  of t h e  F r o n t i e r  Governora tes ,  e . g . ,  Siwa i n  
Mersa Matruh, E l  Kharga i n  New Val ley  and Beren ice  on Red Sea.  

F u r t h e r  a n a l y s e s  a r e  r e q u i r e d  t o  e n s u r e  t h a t  a p p l i c a t i o n s  a r e  d e f i n e d  and 
op t imized  w i t h  r e s p e c t  t o  t e c h n i c a l  d e s i g n  pa ramete r s ,  s i z e ,  and l o c a t i o n  
of  f i e l d  t e s t s .  These a n a l y s e s  w i l l  r e q u i r e  a d d i t i o n a l  i n f o r m a t i o n  on 
p o t e n t i a l  t e s t  s i t e s  t o  e n s u r e  t h a t  t h e  i n p u t s  t o  t h e  a n a l y s e s  a r e  
c o r r e c t  and a s  complete  a s  p o s s i b l e .  I n  some c a s e s ,  f i e l d  t e s t  s i t e s  
need t o  be r e v i s i t e d ,  o r  v i s i t e d  f o r  t h e  f i r s t  t ime ,  t o  a c q u i r e  t h e  
n e c e s s a r y  t o p o g r a p h i c a l ,  g e o l o g i c a l ,  a p p l i c a t i o n  a n d / o r  s o l a r  d a t a .  Once 
a l l  of t h e  p e r t i n e n t  i n f o r m a t i o n  has  been a c q u i r e d  f o r  a  s p e c i f i c  
a p p l i c a t i o n ,  a n a l y s e s  w i l l  be c a r r i e d  ou t  t o  s e l e c t  t h e  p r e f e r r e d  f i e l d  
t e s t  c o n d i t i o n s  and t o  d e f i n e  c a n d i d a t e  f i e l d  t e s t s .  

The second t a s k  i n  t h i s  sub-pro jec t  element Ls t h e  a c q u i s i t i o n  and 
a n a i y s e s  of t e c h n i c a l  and s o c i a l  d a t a  f o r  s p e c i f i c  f i e l d  t e s t s .  I n  t h e  
m a j o r i t y  of t h e  f i e l d  t e s t s  proposed f o r  implementa t ion  i n  t h i s  
s u b - p r o j e c t ,  d e s i g n  and performance s p e c i f i c a t i o n s  can  be developed by 
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analyses of existinp data and a limited survey of technical requirements 
for each site. However, it is expected that, in some cases, existing 
data will be inadequate and potential sites will have to be more 
thoroughly instrumented to obtain all the required technical data. 
Examples include the acquisition and analyses of wind data, environmental 
conditions (sand, salt spray, water quality, wind loadings, etc.), and 
plant operational and process heat requirements. Social data collection, 
described in more detail in the Social Soundness Analysis, Section 1V.C 
vill form part ,>f task four, the information system. 

The third task of the Supporting Analyses element is a continuation of 
economic analyses. This involves several different types of analyses to 
develop the tec;sfon-making data necessary for the design of current and 
selection 9: future field tests within the sub-project. One class of 
analysis involves a more intensive examination of the cost-effectiveness 
of the renewable energy technologies (those proposed herein, others, and 
hybrid combinations) relative to conventional energy sources then could 
be performed during the preparation of this plan. This type of analysis 
would consider the effect of reduced solar system costs as a result of 
Fmprovements in technology or higher production rates for solar systems; 
or the increased cost of conventional energy due to higher fuel costs; 
and considerations of system relinbtlity, operations and maintenance, and 
fuel availability and transport. New cost-effective solar applications 
may also be identified due to these same factors. A second area of 
analysis will examine the size of the potential Egyptian market for 
various solar applications as a function of the energy requirement of the 
application, i.e., the number of shallow well pumping installations as a 
function of the required pumping energy. This type of analysis will be 
used to identify specifications for the optimum size of solar energy 
sources for different applications within Egypt. The analysis may also 
determine that certain sources may meet a number of different 
applications cost-effectively if they are within a given size range. In 
addition, continuous environmental analyses will be conducted on the 
field tests so that information can be made available on their impact. 

Task four, the establishment of an information system on Egyptian 
renewable energy projects will provide a mechanism for collection of 
social, environmental, institutional, economic, and technical data on a 
-.ontinuing basis. The information will be important not only for project 
~onitoring and evaluation, but also for providing the basis for 
decision-making for Fu~ure Egyptian activity in renewables. It is 
anticipated that the method of data collection on the AID-funded 
renewable energy project will be utilized for all other renewables 
projects so that a set of easily comparable, comprehensive data will be 
generated for analysis and dissemination. 
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Project monitoring and evaluation should: 

- track project activities, inputs and outputs, for level of 
achievement; 

- identify present problems and future problems; 

- provide mechanisms for analyzing problems and identifying 
possible solutions; 

- measure project impacts; 

- provide the correct information to the correct individuals, 
agencies, villages, etc, at the correct times to support good 
decision-making related to the above items; 

- answer all key questions about technology performance and 
transferability . 9  

It will be the responsibility of the field test participants to collect 
data on a day-to-day basis. However, QHREA, NASA LERC and the various 
sub-contractors will give guidance to those participants. In order to 
have comparative data it will be necessary to collect, for example: 

1. Data on system design, and on adaptations in system design. 

2. Data on measurements which are mostly phyaical data; that is, 
measurements of energy availability in sun, water, biomass of 
energy inputs and outputs for a system; operating data and data 
on work actually accomplished by a system measured in other than 
direct energy output. 

3. Impact and effectiveness data on both the technology and the 
project implementation strategies in terms of economic, social, 
and environmental criteria.1° 

A detailed system for data collection, analysis and dissemination will be 
required from the project management contractor in the initial stage of 
the project. As mentioned above, AID/W will be assisting in that 
effort. For an illustrative set of data categories, see Annex Q. 

It is anticipated that once EREDO gets fully underway, perhaps in 
three-four years, the information system developed under this sub-project 
can be adapted for EREDO so that the analysis of data will be 
standardized and easily comparable. 

The analyses of the data provided by the information system will be 
utilized by the Supreme Council on Renewable Energy which serves as an 
advisory body to QHREA. However, the information will be fed into the 
energy data bank of and be utilized by the Organization for Energy Policy 
and Analysis (OEPA) to be established as the implementing agency for the 
Energy Policy sub-project which will be seeking, in cooperation with this 



s u b - p r o j e c t ,  t c  provide i n f o r m a t i o n  and a n a l y s e s  on t h e  p roper  r o l e  of 
renewables i n  t h e  o v e r a l l  energy s e c t o r  s t r a t e g y .  The Supreme Counci l  on 
Energy,  (under  which the  Supreme Counci l  on Renewable Energy i s  a  
sub-counc i l ) ,  t h e n ,  w i l l  have t h e  p roper  i n f o r m a t i o n  and a n a l y s e s  deemed 
n e c e s s a r y  f o r  informed decision-making on renewable energy  a p p l i c a t i o n s  
and t e c h n o l o g i e s .  

E .  T r a i n i n g  

There i s  a  growing i n t e r e s t  i n  a l t e r n a t i v e  renewable energy  s o u r c e s  i n  
r( ~ g y p t .  (See  S e ~ t i o n  11. 5 . )  I t  i s  recognized  t h a t  t h e r e  i s  a  need f o r  
b e t t e r  unders:ar:ding o f  t h e  t e c h n o l o g i e s  i n v o l v e d ,  t h e i r  economics and 
t h e i r  p r a c t i c a l  c p ; l i c a t i o n s .  T h i s  unders tand ing  must be implanted on 
many l e v e l s  w i t h i n  Egypt: the  p o l i c y / d e c i s i o n - m a k e r s  l e v e l ;  t h e  e n g i n e e r s  
and t e c h n i c a l  managers; t h e  u s e r s ;  t h e  g e n e r a l  p u b l i c  and p u b l i c  and 
p r i v a t e  s e c t o r  i n v e s t o r s  and manufac tu re r s .  

T r a i n i n g  t o  be accomplished i n  t h i s  sub-pro jec t  may be c l a s s i f i e d  i n t o  
t h r e e  c a t e g o r i e s :  g e n e r a l ,  f i e l d  t e s t - r e l a t e d  and i n f o r m a t i o n  
3? s s e m i n a t i o n :  

1. Genera l  

I n  o r d e r  t o  s t r e n g t h e n  Egypt ian  c a p a b i l i t y  t o  work i n  t h e  a r e a  of 
renewable e n e r g y ,  a  range of t r a i n i n g  a c t i v i t i e s  w i l l  be conducted i n  
a r e a s  such  a s  p r o j e c t  and c o n t r a c t  management, energy management and 
economics and s o l a r  sys tems and e n g i n e e r i n g .  

The p o l i c y / d e c i s i o n - m a k e r s ,  which i n c l u d e  GOE M i n i s t r y  and Governorate  
o f f i c i a l s  and i n d u s t r i a l  e x e c u t i v e s ,  w i l l  be provided w i t h  a  broad 
exposure  t o  renewable energy technology and i t s  p o t e n t i a l .  S e v e r a l  
seminars  a r e  planned which w i l l  a d d r e s s  t h e  economics and impact of s o l a r  
technology and c o s t  p r o j e c t i o n s .  S p e c i f i c  a p p l i c a t i o n s  i n  t h e  
i n d u s t r i a l ,  a g r i c u l t u r a l  and domes t ic  a r e a s  w i l l  be a n a l y z e d ,  showing 
t r e n d s  i n  t h e  energy f i e l d ,  p o t e n t i a l  f o r  r e p l i c a t i o n  and technology 
t r a n s f e r .  Two seminars  pe r  y e a r  w i l l  be g i v e n  by U.S. e x p e r t s  i n  Egypt 
f o r  from 20-50 persons  pe r  s e s s i o n .  There w i l l  a l s o  be t e c h n i c a l  
seminars  g iven  by QHREA a s  w e l l  a s  o t h e r  Egypt ian e x p e r t s  i n  a r e a s  no t  
covered by t h e  U.S. e x p e r t s  o r  a r e a s  p a r t i c u l a r l y  r e l e v a n t  t o  Egypt ian  
needs.  These seminars  w i l l  be h e l d  twice  a  y e a r  and,  drawing from p r i o r  
e x p e r i e n c e ,  ?he GOE e x p e c t s  a t  l e a s t  20-50 p a r t i c i p a n t s  from both  t h e  
p r i v a t e  and p u b l i c  s e c t o r s .  

"Uniform Data C o l l e c t i o n  and I n f o r m a t i o n  Systems f o r  Renewable Energy 
P r o j e c t s , "  by George B u r r i l l ,  a  paper  prepared f o r  t h e  SERI Workshop on 
E v a l u a t i o n  Systems f o r  Renewable Energy Svstems, Boulder ,  Colorado,  Feb. 
1980. 

1 0  0.. c i t .  



E n g i n e e r s  and t e c h n i c a l  managers,  t h o s e  r e p o n s i b l e  f o r  implementing GOE 
energy  p o l i c i e s ,  w i l l  r e c e i v e  in-depth  t e c h n i c a l  t r a i n i n g  i n  t h e o r y  and 
sys tem d e s i g n  e n a b l i n g  them t o  d e s i g n ,  i n s t a l l  and m a i n t a i n  renewable  
energy  sys tems.  

Shor t - term t r a i n i n g  of 120 p.m.'s ( 4  p e r s o n s / y e a r  t o  s ix -month  c o u r s e s )  
w i l l  be g i v e n  o v e r  t h e  f i v e - y e a r  l i f e  of p r o j e c t  a t  U.S. i n s t i t u t i o n s  i n  
t h e  f i e l d s  c i t e d  above.  I n  a d d i t i o n ,  t h e  GOE w i l l  p r o v i d e  f o r  f i v e  
pe r sons  t o  a t t e n d  a t  l e a s t  two c o u r s e s / y e a r  i n  Egypt o v e r  t h e  f i v e  
p r o j e c t  y e a r s .  

2 .  F i e l d  T e s t  T r a i n i n n .  

User t r a i n i n g  w i l l  g r e a t l y  e f f e c t  t h e  s u c c e s s f u l  o p e r a t i o n  of  t h e  f i e l d  
t e s t s .  S i t e  managers a s s i g n e d  by t h e  QHREA t o  each  f i e l d  t e s t  w i l l  be 
t r a i n e d  a t  a  U.S a n d / o r  Egyp t ian  i n s t i t u t i o n  i n  a s p e c t s  of renewable  
energy  technology.  S p e c i f i c ,  i n t e n s i v e ,  on-the-job t r a i n i n g  by t h e  U.S. 
s u b - c o n t r a c t o r s  performing t h e  d e t a i l e d  d e s i g n  and i n s t a l l a t i o n  of t h e  
f i e l d  t e s t s  w i l l  a l s o  be provided t o  t h e  s i t e  manager and o t h e r  s i t e  
p e r s o n n e l  and u s e r s .  During i n s t a l l a t i o n  of t h e  f i e l d  t e s t ,  t h e  s i t e  
p e r s o n n e l  w i l l  p a r t i c i p a t e  i n  a l l  phases  of a c t i v i t i e s .  Manuals and 
i n s t r u c t i o n  on o p e r a t i o n  and ,maintanance w i l l  be p rov ided .  The check-out 
phase of t h e  f i e l d  t e s t  w i l l  a l l o w  s i t e  p e r s o n n e l  t o  g a i n  s u p e r v i s e d  
hands-on e x p e r i e n c e  w i t h  t h e  sys tem.  During t h e  two y e a r  o p e r a t i o n  
p e r i o d ,  s i t e  pe r sonne l  w i l l  be working w i t h  t h e  U.S. s u b - c o n t r a c t o r s  
should  problems, ma l func t ions  o r  q u e s t i o n s  a r i s e .  

In fo rmat ion  Disseminat ion.  

The g e n e r a l  p u b l i c ,  u l t i m a t e l y  t h e  consumer and p r i v a t e  e n t e r p r i s e ,  w i l l  
be informed of t h e  Renewable Energy F i e l d  T e s t i n g  s u b - p r o j e c t  through 
t e l e v i s i o n  and r a d i o  a s  w e l l  a s  p r i n t e d  r e p o r t s  which w i l l  be used t o  
d e s c r i b e  s o l a r  ene rgy  and how i t  i s  being used i n  Egypt.  The GOE w i l l  
u t i l i z e  t h e  above-mentioned seminars  t o  d i s s e m i n a t e  i n f o r m a t i o n  t o  t h e  
p u b l i c  concern ing  t h i s  a c t i v i t y .  Visits t o  f i e l d  t e s t s  and i n f o r m a t i o n  
b rochures  w i l l  p o p u l a r i z e  t h e  u t i l i z a t i o n  of s o l a r  e n e r g y  and p r o v i d e  
i n f o r m a t i o n  on a p p l i c a t i o n  s p e c i f i c s ,  a v a i l a b l e  t e c h n i c a l  a s s i s t a n c e  and 
t r a i n i n g  and seminar  o p p o r t u n i t i e s .  T h i s  i n f o r m a t i o n  w i l l  be 
d i s s e m i n a t e d  by QHREA, o t h e r  MOE a g e n c i e s  a s  w e l l  a s  USAID/Cairo on a  
r e g u l a r  b a s i s  once  t h e  p r o j e c t  h a s  begun. The c o n t r a c t o r  w i l l  work w i t h  
QHREA on t h e  form and s u b s t a n c e  a s  w e l l  a s  b e s t  mechanism f o r  
d i s s e m i n a t i o n  of t h e  i n f o r m a t i o n ,  which w i l l  form p a r t  of t h e  i n f o r m a t i o n  
system t o  be developed d u r i n g  t h e  f i r s t  t h r e e  months of  t h e  p r o j e c t .  

A l l  t r a i n i n g  t a s k s  w i l l  be c o o r d i n a t e d  and i n t e g r a t e d  w i t h  a c t i v i t i e s  
being conducted i n  t h e  Energy P o l i c y  and P lann ing  s u b - p r o j e c t .  

F. New I n i t i a t i v e s  

One o f  t h e  e lements  proposed f o r  t h e  Renewable Energy F i e l d  T e s t i n g  
sub-pro jec t  i s  t h e  New I n i t i a t i v e s  t a s k .  Concepts and p r o p o s a l s ,  bo th  
u n s o l i c i t e d  and r e q u e s t e d ,  c a n  be expected t o  be r e c e i v e d  by A I D  and t h e  
Government of Egypt f o r  new f i e l d  t e s t s  d u r i n g  t h e  l i f e t i m e  of t h i s  
sub-pro jec t .  A d d i t i o n a l  f i e l d  t e s t s  w i l l  a l s o  be i d e n t i f i e d  a s  a  r e s u l t  



7f :he a p p l i c a t i o n  s t u d y  be ing  performed under  S u p p o r t i n g  Analyses .  A s  
t h e  i n i t i a l  f i e l d  t e s t s  a r e  implemented,  improved a n d / o r  new c o n c e p t s  
? r o b a b l y  w i l l  be f o r m u l a t e d  by t h e  s u b - p r o j e c t  team a s  a d d i t i o n a l  
Z e t a i l e d  e x p e r i e n c e  i n  Egypt i s  g a i n e d .  C r i t e r i a  f o r  s e l e c t i o n  and 
a c t u a l  s e l e c t i o n  of New I n i t i a t i v e s  w i l l  b'e de te rmined  by Q a t t a r a  i n  
c o l l a b o r a t i o n  w i t h  NASA LERC and USAID. It i s  e x p e c t e d  t h a t  t h e  c r l t e r i a  
f o r  t h e  New I n i t i a t i v e s  w i l l  be p o t e n t i a l  f o r  economic,  s o c i a l  and 
t e c h n i c a l  f e a s i b i l i t y ;  p r i o r i t y  of t h e  a p p l i c a t i o n  i n  t h e  GOE renewable  
s t r a t e g y ;  g o v e r n o r a t e  and p a r t i c i p a t i n g  e n t i t y  s u p p o r t  ( b o t h  t e c h n i c a l  
a .~d  f i n a n c i a l ) ;  u p p o r t u n i t y  f o r  r e p l i c a b i l i t y . T h e  New I n i t i a t i v e s  e lement  
w t l l  p r o v i d e  t h e  GOE w i t h  a r e s o u r c e  f o r  a s s e s s i n g  t h e  merits of any 
p r o p o s a l  o r  cug,;csted concep t  f o r  a  renewable  ene rgy  sys tem f i e l d  t e s t  a s  
\?ell  a s  fund a l i m i t e d  number of  new s t a r t s .  I t  i s  a n t i c i p a t e d  tha: t h e  
'iew I n i t i a t i v e s  w i l l  be u n d e r t a k e n  w i t h  p r i v a t e  s e c t o r  companies.  

Yany of t h e  new p r o p o s a l s  may a p p e a r ,  i n i t i a l l y ,  e c o n o m i c a l l y  and 
s o c i a l l y  a t t r a c t i v e  and t e c h n i c a l l y  f e a s i b l e  b u t  w i l l  be of  such  a  
magni tude  t h a t  t h e  complete  a p p r o v a l  c y c l e  ( i . e .  a  P r o j e c t  I d e n t i f i c a t i o n  
Document and P r o j e c t  P a p e r )  w i l l  n o t  be j u s t i f i e d .  N e v e r t h e l e s s ,  
x t t r a c t i v e  p r o p o s a l s ,  bo th  l a r g e  and s m a l l ,  w i l l  be a n a l y z e d  and 
e - ~ a l u a t e d .  The t e c h n i c a l  soundness  and f e a s i b i l i t y ,  t h e  p r o j e c t e d  c o s t  
e f f e c t i v e n e s s ,  i f  implemented on a  major  s c a l e ,  and t h e  r e l a t i o n s h i p  t o  
t h e  renewable  ene rgy  f i e l d  t e s t s  and GOE g o a l s  i n  t h e  s e c t o r  cou ld  be 
a n a l y z e d .  The New I n i t i a t i v e s  e l ement  w i l l  a l s o  s u p p o r t  t h e  i n i t i a l  
s e l e c t i o n  f u n c t i o n s  r e q u i r e d  b e f o r e  t h e  procurement of  hardware .  These 
f u n c t i o n s  i n c l u d e  working w i t h  t h e  QHREA and a p p r o p r i a t e  E g y p t i a n  
o r g a n i z a t i o n s  on s e l e c t i o n  of a  s p e c i f i c  s i t e  o r  s i t e s  f o r  t h e  proposed 
new f i e l d  t e s t s .  The l a t t e r  f u n c t i o n  w i l l  be performed i n  c o n j u n c t i o n  
w i t h  t h e  Suppor t ing  Analyses  t a s k ,  e s p e c i a l l y  i n  t h o s e  i n s t a n c e s  where 
o b t a i n i n g  d e t a i l e d  t e c h n i c a l  i n f o r m a t i o n  f o r  a  s i t e  i s  r e q u i r e d  f o r  a  
s i t e  s e l e c t i o n  d e c i s i o n .  When t h e  proposed f i e l d  t e s t  h a s  p r o g r e s s e d  t o  
t h e  procurement s t a g e ,  t h e  i n t e r n a l  s u b - p r o j e c t  r e s p o n s i b i l i t i e s  and 
r e s o u r c e s  w i l l  t r a n s f e r  t o  t h e  F i e l d  T e s t i n g  e l ement .  T r a i n i n g  f o r  t h e  
:lew sys tems  w i l l  be done by t h e  T r a i n i n g  Task i n  a f a s h i o n  s i m i l a r  t o  t h e  
i n i t i a l  f i e l d  t e s t s .  

A t y p i c a l  l i f e  c y c l e  f o r  a  s u c c e s s f u l  f i e l d  t e s t  i s  p r e s e n t e d  i n  F i g u r e  
TI-:-5. There  a r e  many p l a c e s  i n  t h i s  c y c l e  p r i o r  t o  t h e  d e c i s i o n  t o  
~ m p l e m e n t  t h e  f i e l d  t e s t  t h a t  a  concep t  ?r p r o p o s a l  c a n  be r e j e c t e d  and 
nany of t h e s e  a r e  d u r i n g  t h e  c y c l e  proposed t o  be s u p p o r t e d  by t h i s  New 
I r d t i a t i v e s  e l ement .  A l l  c o n t r a c t i n g  f o r  f i e l d  t e s t s  i n  t h e  New 
I n i t i a t i v e s  e lement  w i l l  be done on a  h o s t  c o u n t r y  c o n t r a c t  (HCC) b a s i s .  
During t h e  i n i t i a l  s t a g e s  of  t h e  p r o j e c t ,  t r a i n i n g  i n  p r o j e c t ,  f i n a n c i a l  
and c o n t r a c t  management w i l l  be made a v a i l a b l e  t o  t h e  E g y p t i a n s  s o  t h a t  
HCC management shou ld  go smoothly .  I n  a d d i t i o n ,  on-the-job t r a i n i n g  i n  
t h e  f i e l d  t e s t s  w i l l  prove i n v a l u a b l e  a s  QHREA moves i n t o  a  HCC mode. 
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Figure 111-5. Support During a Typlcal  Field Teat LlIe Cycle 



IV. SUB-PROJECT ANALYSES 

A. Technical Feasibility 

1. A~~ro~riateness of the Technolonv 

Each of the applications of renewable energy technology was selected for 
the sub-project based on worldwide experience in similar applications. 
Proven technology and perceived low-risk field tests were selected and 
latched to GOE-Ld~ntlfied needs and priorities. The equipment components 
included iq t12 pr2L:xlnary conceptual designs described in this Project 
Paper are comin~rcizlly available from U.S. manufacturers, as well as from 
manufacture:.. in other countries. Due to the fact that interest in the 
:olar technologies has spawned U.S. industries which have manufactured 
and installed such equipment only in the last 5-10 years, long-term 
system performance has yet to be established for some applications. 
However, intensive efforts in U.S. research, development and 
deaonstration, sponsored largely through past government programs, have 
resulted in accelerated commercialization oE many renewable energy 
tech~ologies. These efforts have also served to increase the awareness 
of both users and manufacturers of the potential benefits that renewable 
energy resources offer. 

While the current U.S. Federal Government policy decisions on energy R 
and D and commercialization activities affect many renewable energy 
technologies, the types of technologies and application proposed here 
should not be significantly impacted. Solar heating technology, for 
example, is probably far enough along such that withdrawal of federal 
funds will not, itself, affect commercial status. Also, most of the 
technologies proposed here are inherently small and modular in nature, 
and economic and financial analyses of projects costs can be very 
attractive. Thus, the incentives for market development are still there. 

Recently, as part of its preparation Eor the 1981 U.N. New and Renewable 
Energy Conference in Kenya, the United Nations Economic Commission for 
Western Asia identified their most promising renewable energy sources for 
applications in the Arab world. l1 These applications with estimated 
inplementation time-tables are given in Table IV A-1. The U.N. 
 omm mission's recommendations relating to the renewable technologies and 
applications proposed in this Project Paper are shown in the Table. 

2. State of the Proposed Renewable Energy Technological Applications 

Each of the renewable energy technologies proposed for application in 
Egypt has been demonstrated in the U.S. and other foreign countries. A 
brief summary of the technological applications follows: 

l1 U.N. Economic Commission for Western Asia, "New and Renewable Energy 
in the Arab World", Beirut, 1981 
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TABLE A-1 

PROJECTED TIME-TABLE O F  SOLAR APPLICATIONS 

IN THE ARAB COUNTRIES* 

A;pl ication 
i 

Product Area of Imp1 ementation Estimated 
Year 

solar dryers preserved d r i  ed sea shores & rural 
food areas 

solar  s t i l l s  fresh water individual houses 
and sea shores 

now * 

now * 

solar  pumps pumped water remote rural areas now * 

solar  pumps pumped water a l l  rural areas 1990 * 

solar  greenhouses vegetabl es a l l  rural areas now 

solar refr igerat ion preserved food, fishing vil lages and 
ice  pastoral settlements 

solar  a i r  conditioning conditioned space c i t i e s  1990 

solar  heating comfort heat c i t i e s  now 

water heaters hot water c i t i e s  now 

solar e l e c t r i c i t y  e l e c t r i c i t y  t e l  ecommunications now 

solar e l e c t r i c i t y  electric4 t y  

solar  e l e c t r i c i t y  e l e c t r i c i t y  

remote areas 

general appl ications 

solar furnaces heat 1 0 0 0 ~  mining 1985 

solar  heat heat 200' i n d u s t r y  now * 

*U.N. Economic Commission for Western Asia: New and Renewable Energy i n  
the Arab World, Beirut 1981. 

*Areas related t o  Project Paper a c t i v i t i e s .  



o S o l a r  I n d u s t r i a l  P r o c e s s  Heat - The a p p l i c a t i o n  of s o l a r  t h e r m a l  
ene rgy  t o  s u p p l y  i n d u s t r i a l  e n e r g y  demands,  e s p e c i a l l y  low-grade 
h e a t ,  i s  one of t h e  most a p p r o p r i a t e  u s e s  o f  s o l a r  e n e r g y .  One 
s u r v e y  o f  " t h e  most a d a p t a b l e "  a p p l i c a t i o n s  f o r  U.S. i n d u s t r i e s  
i s  shown i n  T a b l e  IV 14-2. l2 

Some r e p r e s e n t a t i v e  c u r r e n t  U.S. d e m o n s t r a t i o n  p r o j e c t s  of low-grade s o l a r  
i n d u s t r i a l  p r o c e s s  h e a t  a r e :  l3 

I n d u s t r i a l  Sys tem C o l l e c t o r  Tempera 
L o c a t i o n  f i r m  - D e s c r i p t i o n  Type - t u r e  S t a t u s  

AL-Athens Sweet Sue P r o c e s s  h o t  S h a l l o w  ponds  55 Des ign  
K i t c h e n s  w a t e r  and o n l y  

b o i l e r  f eed -  
w a t e r .  

CA-El C e n t r o  American P r o c e s s  h o t  P a r a b o l i c  93 Des ign  
L inen  Supply  w a t e r  and o n l y  

b o i l e r  f eed -  
w a t e r  

CX-Fresno Red S t a r  In-  P r e h e a t  b o i l e r  F l a t  p l a t e  66 O p e r a t i o n a l  
d u s t r i a l  Laun- f e e d w a t e r  ( w a t e r )  
d  r~ 

CA-Sacramento Campbell  Soup P r o c e s s  h o t  P a r a b o l i c  8  5 O p e r a t i o n a l  
Co. w a t e r  washing  t r o u g h  & f l a t  

f o r  c a n s  p l a t e  ( w a t e r )  

FL-Jackson Anheuser- P r o c e s s  h o t  Evacuated  t u b e  66 O p e r a t i o n a l  
Busc h ,  I n c  . w a t e r  f o r  

p a s t e u r i z e r  

MS-Cant on LaCour K i l n  Hot a i r  f o r  F l a t  p l a t e  8  2  O p e r a t i o n a l  
S e r v i c e s ,  k i l n  d r y i n g  ( w a t e r )  
I n c  . v i a  W/A ex- 

c h a n g e r  

?TM-f>rants Soh io  P e t r o -  P r o c e s s  ho t  Sha l low ponds 55 O p e r a t i o n a l  
leum Co. v n t e r  o r e  pro- 

c e s s i n g  For 
uranium 

PA-York York B u i l d i n g  Hot w a t e r  t o  L i n e a r  a r r a y  82  
P r o d u c t s  c u r e  c o n c r e t e  m i r r o r s  f i x e d  

b l o c k s  

Wilson  and West,  " S o l a r  I n d u s t r i a l  P r o c e s s  Heat  - A Study  of 
A p p l i c a t i o n s  and A t t i t u d e s , "  SERI/TR-98348-1, A p r i l  1981.  

O p e r a t i o n a l  

l3 K r e i t h  and West ,  "Economics of  S o l a r  Energy and C o n s e r v a t i o n  Sys t ems ;  
Vol I1 S o l a r  A p p l i c a t i o n s  and C o s t , "  CRC P r e s s ,  1980.  



TABLE - IV A-2 
a 

U.S. Industr ial  Processes Nominated as "Most Adaptable" to  Solar  Energy 

Number Nominated 
Indust r ia l  Process Nominated Temperature Range (GRI Pro jec t )  

0 

Boiler feedwater o r  make-up 60°- 90 C 5 8 

Cl ean-up water 60'- 80°c 8' 

Drying and curing ovens 
( e . g . ,  p a i n t ,  milk,  p r i n t )  

Rinse/wash/pl a t ing l s to rage  tanks 50: 9$c 3 4 

0 0 
High-temperature furnaces,  k i lns  285 -815 C 

Process mixing and steam generator o o 
( e . g . ,  v a t s ,  cookers, chem mil l ing)  50 -285 C 

Low-temperature ovens 
( e . g . ,  a i r  preheat ,  space heat)  

Oil f ie1 d hea te r / t r ea te r  

Elect r ic  Processes 
( e . g . ,  ext rus ions ,  arc welding, 
presses) 

No appl ica t ion fo r  process heat 
Total Interviews 

a "Most Adaptable Process" means, a process which can use so la r  thermal heat w i t h  
moderate physical change tg exis t ing  equipment. Electronic manufacturers with 
e l e c t r i c  bake ovens a t  455 C (850 F) and above, and heat t r e a t i n g  companies have 
l i t t l e  hope of adapting t h e i r  equipment even for  pre-heat.  



Foreign countries active Ln commercialization programs in this area include: 
Mexico, Spain, France and Australia. Australia, in particular, has ten 
operational solar industrial process heat installations-all supply low-grade 
heat for processed hot water, cleaning, and pasturizing applications. l4 

The technological applications proposed here for Egyptian dairy products, 
poultry, textiles and metal processing industries closely parallel current 
demonstration projects. Their technical viability has been clearly 
established. In addition, since these industries represent a majority 
component of the Egyptian industrial base, the potential for a significant 
renewable energy contribution exist. 

o Solar Agricultural Applications - A common energy requirement for 
agriculture is for low-grade heat(40 to 90°C) in applications such 
as grain and crop drying. The U.S. Department of Agriculture has 
sponsored a number of demonstration projects for solar grain drying 
and livestock shelter heating through its Energy Research Program and 
the Cooperative Extension Service. U.S. operational demonstrations 
of solar hot air systems include: 
15 

Location Industrial Firm Process Collector Type TemperatureoC 

CA-Gi lroy Gilroy Foods Inc. Onion Evacuated Tube 
Drying 
(Preheat) 

AL-Decatur Gold Kist Inc. Soybean Flat Plate 
Drying 
(Preheat) 

CA-Fresno Lamanuzzi & Fruit Flat Plate 
Pantalco Foods Dehydra- 

tion 

l4 Saunders, "Status of Solar Energy Research and Development in 
Australia," Solar Energy Research Institute of Western Australia, Report 
Number 1007, May 1981. • 

15 Wilson and West, loc. cit. 



Worldwide experience i n  u s i n g  solar energy f o r  a g r i a l b r a l  a p p l i c a t i o n s  is 
extens ive .  O b v i a s l y ,  drying food, a g r i a l u r a l  p r o d c t s  and f i s h  by solar 

+. energy is very o l d  p r a c t i c e .  Recent development cen te r  a r a n d  improved system 
e f f i c i e n c y ,  time r e q i r e d  t o  dry  and p r o t e c t i o n  of  t h e  p r o d c t s  from d s t  and 
i n s e c t s .  I n  t h e  Arab c a n t r i e s ,  Iraq, Lebanon, a d a n  and S a d i  Arabia a r e  
a c t i v e l y  stll dying s o l a r  systems. l6 

The proposed f r u i t  dehydrat ion f i e l d  test i n  Egypt is an ex tens ion  of the U.S. 
d e m n s t r a t i o n s  and is a simple concept t o  implement. The f i e l d  test as 
c o n f i g r e d  is no t  intended t o  r ep re sen t  a pro to type  f o r  b b r e  r e p l i c a t i o n .  
(The u t i l i z a t i o n ,  e f f i c i ency ,  and economic of t h e  f i e l d  test system are 
marginal.)  Rather ,  t h i s  f i e l d  test is intended t o  i n t r o d c e  r e c e n t l y  
comnercialized technology t o  . t h e  Egyptian a g r i a  lb ral  cum n i  t y  i n  a 
r e l a t i v e l y  simple, low c o s t  and h ighly  v i s i b l e  d m n s t r a t i o n .  Appl ica t ions  
r e l evan t  t o  t h i s  f i e l d  test technology appear to be rumeras and w i l l  be  
i nves t iga t ed  under  t h e  a p p o r t i n g  Analyses Element of t h e  p r o j e c t .  

o Photovol ta ic  ( W )  Power Systems - Appl ica t ions  f o r  pho tovo l t a i c  
systems i n  i s o l a t e d  r u r a l  areas of t h e  m r l d  are r u m e r a s .  
o r i g i n a l l y  developed u nder the U .S. space program, W cells and 
systems are now being m f a c t l l  red by s e v e r a l  major energy companies 
i n  the U.S. ,  France, West Germany, U.S.S.R., U.K. and Japan. U.S. 
demonstrations of small W-powered system app l i ca t ions ,  s ~ c h  as 
f o r e s t  towers,  highway warning s i g n s ,  l i g h t  h s e s ,  v i l l a g e  systems, 
c o m n i c a t i o n  r e l a y  s t a t i o n s ,  etc, began i n  t h e  mid 1970 ' s  and have 
e s t a b l i s h e d  t h e  t e c h n i c a l  f e a s i b i l i t y  o f  s l c h  concepts.  The 
m d l a r i t y  o f  t h e  systems, t h e  f a c t  t h a t  they  can u s e  both d i r e c t  and 
d i f b s e  solar r ad ia t ion ,  t h e  s i m p l i c i t y  of  i n s t a l l a t i o n ,  t h e  low 
l e v e l  o f  maintenance s k i l l s  r q i r e d  f o r  opera t ion-a l l  make t h i s  
technology p a r t i a l a r l y  app ropr i a t e  f o r  small e l e c t r i c a l  power 
systems i n  r m t e  a reas .  A p a r t i a l  l ist of  demonstrations and 
comnercial i n s t a l l a t i o n s  o f  small W power systems i n c h  des: 17 

system C a  n t r y  

Water EUmps ~r ance 

Water EU mps pl n i s i a  

Company 

Pompe4.3 rnard 
Br ia  
Leroy-Somer 
Elf-Aq i t a i n e  

Water EU mps W. &many T e l e b  nken 

Water Eu mps U.S.A. So la r  Electric I n t ' l  
Arco So la r  
A.Y. McDonald 
Solarex  

Extensive d m n s t r a t i o n  program by UNDP l8 

* - 
lb U.N. Economic Cormnission f o r  Western Asia, loc. c i t .  

l7 NASA Photovol ta ic  Marketing Sta d i e s .  

l8 Halcrow and Pa r tne r s ,  " Small-Scale Solar-Powered I r r i g a t  i on  PJ mping 
Systems, Technical and Economic Review," UNDP P r o j e c t  GL0/78/004, September 
1981 



Communications France 
Germany 
Australia 
Gabon 

U.S.A. 

Jordan 
Ho 1 land 

Refrigerators Belgium 
France 
UK 
W. Germany 
Ireland 
U.S.A. 

Thomson CSF 
Telefunken 
Telecom 
Motorola 
Elf -Gabon 
Arco Solar 
Motorola 
JTC 
Phillips 
IDE 
Photon 
Lucas 
Elec trolux 
Champion 
Arco Solar 
Solar Power 
Motorola 
Solarex 

Related CDS/WHO/AID Project consists of deployment of systems by NASA in 
thirty countries 

Village/Community/ Holland 
Distributed Power 

Tunisia (with NASA) 
Gabon (with NASA) 
Italy 
Marshall Islands 
(with NASA) 
Spain (with NASA) 
Australia 

Japan 
Gabon 

Various 

Solar Power 
TBD* 
Various 

Hughes Corp 
TBD* 
Arco Solar 
Martin Marietta 
Solar Power 
Various 
Elf -Ga bon 

The proposed field tests for PV-powered systems relate to two of the above 
system applications - water pumping and electrical power for remote fishermen 
shelters. 

o Solar Refrigeration - Refrigeration and frozen storage facilities 
represent a critical need in developing countries, especially in 
remote areas. In Egypt, the governors of those governor:tes- visited 
by the Project Team members consistently stressed their needs in this 
area. One frozen meat storage facility in Qena of approximately 75 
tons capacity, for example, serves the entire needs of the 
governorates of Upper Egypt. 

Solar-powered refrigeration technologies are being actively 
investigated on many fronts. The U.S., C C J  and AID, in cooperation with WHO 
and under the project management of NASA, are engaged in an extensive program 
to develop and field test 100 liter-size medical refrigeratorlfreezers powered 
by photovoltaics. These systems are currently operational in India, Indonesia 
and the Maldive Islands. Future installations in 30 additional countries are 

* To Be Determined 



scheduled i n  1982. The A u s t r a l i a n s  have 10 o p e r a t i o n a l  d e m o n s t r a t i o n s  of 
v a r i o u s  s o l a r  c o o l i n g  t e c h n o l o g i e s . 1 9  A u s t r i a  h a s  developed a  10  kw s o l a r  
power p l a n t ,  employing c o n c e n t r a t i n g  c o l l e c t o r s  and a n  o r g a n i c  Rankine c y c l e  
t u r b i n e ,  f o r  a p p l i c a t i o n s  i n  deve lop ing  c o u n t r i e s .  2 0 ~ .  T h i s  power p l a n t  
could be used t o  d r i v e  a  compressor i n  a  r e f r i g e r a t i o n  c y c l e .  The Japanese  . w i t h  Sanyo Corpora t ion  a r e  demons t ra t ing  a  s o l a r  a i r  c o n d i t i o n i n g  u n i t  
i n c o r p o r a t i n g  a n  a b s o r p t i o n  c h i l l e r  and evacuated tube  c o l l e c t o r s .  S o l a r  
r e f r i g e r a t i o n  p r o j e c t s  a r e  underway i n  A l g e r i a ,  Bahra in ,  Kuwait and t h e  
Sudan. 21 One o p e r a t i o n a l  demons t ra t ion  comparing a  s o l a r  the rmal  a b s o r p t i o n  
u n i t  w i t h  a n  o r g a n i c  Rankine c y c l e  u n i t  (80  t o n  c a p a c i t y )  i s  underway a t  Los 
Alamos . 22 

The most e x t e n s i v e  program i n  s o l a r  c o o l i n g  i s  being conducted under a  j o i n t  
U. S  .-Saudi Arabia  c o o p e r a t i v e  agreement c a l l e d  SOLERAS. The program c o n s i s t s  
of e n g i n e e r i n g  f i e l d  t e s t s  of  solar-powered c o n v e n t i o n a l  c o o l i n g  t e c h n o l o g i e s  
and t h e  e s t a b l i s h m e n t  of s o l a r  c o o l i n g  l a b o r a t o r i e s  a t  f o u r  Saudi  Arabian 
u n i v e r s i t i e s .  Four commercial-sized a c t i v e  s o l a r  t h e r m a l  sys tems were 
i n s t a l l e d  i n  June 1981 i n  Phoenix,  Arizona.  The f o u r  sys tems  v a r y  i n  s i z e  
from 10  t o  18 t o n s  c o o l i n g  c a p a c i t y .  Two of t h e  sys tems  used o r g a n i c  Rankine 
e n g i n e s  t o  d r i v e  c o n v e n t i o n a l  compressor u n i t s .  The o t h e r s  a r e  a b s o r p t i o n  
c o o l i n g  sys tems.  The purpose of  t h e  program i s  t o  e v a l u a t e  c o n v e n t i o n a l  
sys tem m o d i f i c a t i o n s  aimed a t  advancing o v e r a l l  sys tem performance w h i l e  
lower ing  sys tem d e s i g n ,  i n s t a l l a t i o n  and maintenance c o s t s .  The sys tems a r e  
des igned  f o r  u s e  i n  both  hot-dry and hot-humid c l i m a t e s ,  c o n d i t i o n s  t h a t  
e x i s t s  bo th  i n  t h e  U.S. and Saudi  Arabia  a s  w e l l  a s  Egypt. 

S o l a r  r e f r i g e r a t i o n  systems u s i n g  concep t s  s i m i l a r  t o  t h e  above a r e  c u r r e n t l y  
t e c h n i c a l l y  f e a s i b l e .  However, most sys tems d i s p l a y  r e l a t i v e l y  low o v e r a l l  
e f f i c i e n c i e s  and /o r  i n v o l v e  complex mechanisms. The c u r r e n t  economics of 
t h e s e  sys tems ,  a r e ,  though very  dependent on t h e  a p p l i c a t i o n ,  g e n e r a l l y  n o t  
a t t r a c t i v e .  Higher t empera tu re  sys tems w i l l  have t o  be developed f o r  t h e  
s o l a r  the rmal  p l a n t s  o r  s i g n i f i c a n t  p r i c e  r e d u c t i o n s  w i l l  have t o  o c c u r  f o r  
t h e  PV-powered p l a n t s  t o  be economica l ly  v i a b l e .  

The s o l a r  r e f r i g e r a t i o n  f i e l d  t e s t  proposed he re  was c o n f i g u r e d  around t h e  
SOLERAS program f i e l d  t e s t  u n i t s .  The c o n c e p t u a l  d e s i g n  meets a  c u r r e n t  
c r i t i c a l  need f o r  co ld  s t o r a g e  i n  Fayoum. The purpose  of t h e  f i e l d  t e s t  i s  t o  
i n t r o d u c e  c u r r e n t  s o l a r  r e f r i g e r a t i o n  technology t o  t h e  Egyp t ians  and t o  b r i n g  
t h e  commerc ia l i za t ion  of such sys tems i n  Egypt a t  c o s t  c o m p e t i t i v e  w i t h  
c o n v e n t i o n a l  c o o l i n g  sys tems.  

A s  noted i n  t h e  d e t a i l e d  f i e l d  t e s t  d e s c r i p t i o n s ,  a l t e r n a t i v e  c o n c e p t s  of  
s o l a r  r e f r i g e r a t i o n  systems ( i . e . ,  i n  a d d i t i o n  t o  Rankine u n i t s )  w i l l  be 
d e f i n e d  meet ing t h e  Fayoum means and a  comparat ive  e v a l u a t i o n  w i l l  be 
conducted.  T e c h n i c a l  and economic f e a s i b i l i t y  w i l l  be thorough ly  a s s e s s e d  
p r i o r  t o  i n i t i a t i n g  the  f i e l d  t e s t .  

Saunders ,  l o c .  c i t .  

20 F e d e r a l  P r e s s ,  "Aus t r i an  10  KW S o l a r  Power P l a n t  f o r  Developing 
C o u n t r i e s  ," F i n a l  Repor t ,  Vienna, 1981. 

U . N .  Economic Commission f o r  Western As ia ,  l o c .  c i t .  

7- 7 Hedstrom, " S o l a r  Heating and Cooling R e s u l t s  f o r  t h e  Los Alamos Study 
C e n t e r , "  Los Alamos S c i e n t i f i c  L a b o r a t o r y ,  Report  Number LA-UR-79-2706.' 



o Solar Desalination - Developing energy-efficient and cost-effective 
technolo~ies for producing potable water is a high priority objective 
for many countries throughout the world. An overview of solar 
desalination methods has been prepared by Kreith and ~uft.23 
Electrodialysis, reverse osmosis, distillation, vapor compression, 
freezing and solar still desalination technologies can be matched to 
the various solar energy source technologiee to produce technically 
viable systems. There are many active demonstrations of solar 
desalination concepts. Solar stills, in particular, have a long 
history. The U.N. Commission relating to Arab World applications 
contains a thorough discussion of current projects. 24 Of 
particular interest here are recently commercialized developments in 
membrane desalination technologies which are currently being used in 
large-scale operational desalination plans throughout the world. 
Membrane technologies have the least energy requirements, are 
modular, simple in concept, and require only an electrical source for 
operation. In remote areas where adequate insolation and wind energy 
are available and where the price of conventionally-produced water is 
high, wind-driven or PV-powered reverse osmosis systems appear to be 
very a t t r a c t i ~ e . ~ ~  

The proposed field tests in solar desalination will use commercially-available 
equipment configured around low-capacity and simple system designs. As 
presented in a detailed field test descriptions, system definitions of 
contending concepts, where actual application data such as input water quality 
and wind resource data, will be prepared and evaluated. Final field test 
engineering designed will be based on the best technical, social and economic 
options. 

o Wind Power - Wind applications for rural development include three 
major categories: Electrical applications for small rural villages, 
dispensaries and education centers; direct heat applications for 
domestic hot water, home heating and crop processing; and water 
pumping applications. An excellent report on wind power for 
developing countries, including a listing of the numerous operational 
demonstration project in different parts of the world has been 
prepared by Mikhail. For example, Cape Verde, Kenya, South Africa 
and Tanzania have developed windmills for such purposes as water 
pumping, electricity generation and grinding. In Pakistan and Sri 
Lanka wind systems for irrigation have been successfully 
demonstrated. The Daniflh and New Zealand efforts in wind-powered 
electricity generation have been most successful.26 Wind power is 
technically feasible for a multitude of applications. In most 
instances the decision criterion will be economic feasibility. 

L3 MIT Energy Lab, K.F.Dudley, "Solar-Powered Desalination in Egypt: A 
Design and Cost Analysis," MIT-EL 81-015WP, March 1981. 

26 Mikhail, Amir, "Wind Power for Developing Nations, " SERI/TR-762-966, 
July 1981. 



The proposed wind-powered field test is directed toward electrification of 
small rural villages in Egypt* As in the preceding field tests, an assessment 
of the application coupled with actual wind resource data will be performed 
before initiating the design and installation of the field test. 

In applying the above technological applications in Egypt, the following 
considerations were made during project selection: 

o For the solar thermal and PV systems applications, sites in Egypt 
should provide solar insolation which is comparable to the most 
favorable site in the U.S. (i.e., Southwest U.S.), due to the near 
absence of cloud cover which would attenuate direct solar radiation. 
In addition, the relatively high ambient air temperature which can be 
anticipated in Egypt will serve to minimize heat lbss from solar 
thermal energy collection and storage systems, thereby increasing 
system efficiencies when compared to similar systems in the U.S. 
Thus, for a given capital investment in solar systems, an Egyptian 
site should provide more available energy than will a site in the U.S. 

o The application of wind energy systems must be based on the speed and 
constancy of winds at the installation sites. It is imperative that 
reliable wind data for a given site be obtained before proceeding 
with construction of a wind energy system. 

o Personnel must be available at each application site who will be 
capable of performing routine maintenance on the renewable energy 
systems. As with any other eguipment used for industry or 
agriculture, the efficiency and effectiveness of a renewable energy 
system will be reduced if tt fa not properly maintained. All of the 
systema propoaed involve relatively simple and reliable components 
(e.g., water pumps, fans, etc.) which will require little more 
technical expertise than is already available at each of the selected 
sites. 

Economic Analvsis 

1. Introduction 

Nearly every form of energy in Egypt is currently subaidized by the GOE. 
Because of this large subsidy the market value of energy services in Egypt 
diverges dramatically from the true social value or shadow price of those 
services. Although Egypt is a net energy exporter, the vast majority of its 
oil production is employed in the country to produce thermal energy and 
electricity. It imports nearly all of its butagas which is widely used for 
domestic hot water, cooking and heating. All end-use forms of these fuels 
(butagas, oil, gasoline, diesel fuel and electricity) are heavily subsidized. 
The difference between the world market price and the domestic (subsidized) 
price of energy represents both a loss in the total social value of Egypt's 
resources and a source of resource misallocation in the economy. 



I f  Egypt were t o  s e l l  more of i t s  p r o d u c t i o n  i n  t h e  world market  a t  world 
p r i c e s ,  a s  w e l l  a s  no t  import  a s  much r e f i n e d  f u e l s ,  a  l a r g e  amount of  c a p i t a l  
vould  be a v a i l a b l e  t o  t h e  GOE e i t h e r  t o  i n v e s t  i n  o t h e r  p r o j e c t s  o f  h i g h  
s o c i a l  v a l u e  o r  r e t u r n  t h e  c a p i t a l  t o  t h e  p r i v a t e  market  f o r  inves tmen t  and 
consumption.  By d i r e c t l y  underp inn ing  a  f a c t o r  of  p r o d u c t i o n  of a  consumer 
i t e m ,  more of t h a t  i t em w i l l  be used t h a n  i f  i t  were p r o p e r l y  p r i c e d .  I n  t h e  
c a s e  of  s u b s i d i z e d  ene rgy  p r i c e s ,  ene rgy  i s  used more i n t e n s i v e l y  a n d / o r  less  
e f f i c i e n t l y  i n  conmerce and d o m e s t i c a l l y  than  i f  i t  were p r i c e d  a c c o r d i n g  t o  
world market  p r i c e s .  Because o f  improper p r i c i n g ,  t h e r e f o r e ,  ene rgy  and o t h e r  
r e s o u r c e s  a r e  m i s a l l o c a t e d  w i t h i n  t h e  economy. 

I n  e v a l u a t i n g  t h e  c o s t  c o m p e t i t i v e n e s s  of  renewable  e n e r g y  t e c h n o l o g i e s  wi th  
convent ional .  -2ncrgy t e c h n o l o g i e s  i n  Egypt ,  a n  economic a n a l y s i s  u s i n g  f u l l ,  
non-subsid ized market  ene rgy  p r i c e s  shou ld  be performed.  The economic 
a n a l y s i s  performed i n  t h i s  s e c t i o n  c a l c u l a t e s  and compares t h e  d e l i v e r e d ,  
end-use p r l c e s  f o r  ene rgy  s o u r c e s  purchased and d i s t r i b u t e d  a t  c o m p e t i t i v e  
world market  p r i c e s .  

The approach  used f o r  t h i s  a n a l y s i s  employs s t a n d a r d  economic p r i n c i p l e s  and 
techniques, a l o n g  w i t h  p r e l i m i n a r y  e n g i n e e r i n g  c o s t  d a t a ,  t o  c a l c u l a t e  t h e  
p r i c e  which would be cha rged  p e r  u n i t  of  ene rgy  d e l i v e r e d  a t  t h e  a p p l i c a t i o n  
s i t e  f o r  a  s t a t e d  r a t e  of  r e t u r n .  The e s t i m a t e d  c a p i t a l  c o s t  of t h e  i n s t a l l e d  
renewable  ene rgy  sys tems ,  o p e r a t i n g  and main tenance  c o s t s ,  l i f e t i m e ,  and n e t  
ene rgy  o u t p u t  a r e  used t o  c a l c u l a t e  t h e  l ' eve l i zed  c o s t  of d e l i v e r e d  energy.  
Each renewable  ene rgy  sys tem i s  t h e n  compared t o  c o n v e n t i o n a l  ene rgy  d e l i v e r y  
sys tems ,  such  a s  a  pe t ro leum f u e l  b o i l e r / s t e a m  g e n e r a t o r  o r  a  d i e s e l  o r  
g a s o l i n e  e n g i n e / g e n e r a t o r ,  t o  s e e  t h e  r ange  of e n e r g y  p r i c e s  which 
t h e o r e t i c a l l y  would be n e c e s s a r y  t o  a c h i e v e  a g i v e n  r a t e  of  r e t u r n .  The 
renewable  and c o n v e n t i o n a l  sys tem performances  a r e  compared f o r  c c r r e n t  
i n s t a l l a t i o n s  i n  1981 and p r o j e c t e d  i n s t a l l a t i o n s  i n  1990.  

2 .  Methodology 

There  a r e  many methods f o r  e v a l u a t i n g  inves tmen t  p r o j e c t s .  I n  t h i s  paper  t h e  
n e t  p r e s e n t  v a l u e  (WV) method was chosen f o r  t h e  economic a n a l y s i s  o f  t h e  
a p p l i c a t i o n  of renewable  ene rgy  t e c h n o l o g i e s .  The WV c a n  be e x p r e s s e d  a s :  

where Co = i n i t i a l  c o s t  of  t h e  inves tmen t  
i = t ime p e r i o d  
n  = number of t ime p e r i o d  

B i , C i  = b e n e f i t s  and c o s t s  i n  time p e r i o d  i 
r = r a t e  of r e t u r n ;  c o s t  of  c a p i t a l  

The NPV i s  v a l u e  of t h e  d i s c o u n t e d  f l o w  of b e n e f i t s  and c o s t s  o f  a n  inves tmen t  
and t h e  i n i t i a l  c o s t  of t h e  i n v e s t m e n t .  ?he inves tmen t  c r i t e r i o n  i s  t o  a c c e p t  
a l l  i ndependen t  p r o j e c t s  w i t h  p o s i t i v e  NPV o r  i n  t h e  c a s e  o f  m u t u a l l y  
e x c l u s i v e  p r o j e c t s  t o  a c c e p t  t h e  one w i t h  t h e  g r e a t e s t  WV. 



A rigorous approach would quantify the benefits and the costs for the NPV 
calculation as accurately as possibly by preparing an engineering design of 
each renewable system application, optimally configured to meet a selected and 
accurately defined energy demand profile. A conventional energy source would 
then be designed to meet the same specifications at the given site. The 
technical performance, installed costs, operations and maintenance costs, 
etc., for the renewable and conventional systems at each site would be 
estimated for the currdnt year. The economic feasibility would be determined 
by a comparison of the NPV's of the two systems. For installations projected 
in the future, market penetration curves for each solar technology and 
application would also be prepared. Forecasts of price,charges due to 
technology improvements would be made. A cost curve for each solar technology 
and application would be constructed showing expected costs as a function of 
scale of production, learning, and experience. Using these data projected 
NPV's would be calculated. 

Clearly the above approach is beyond the scope of this project paper. The 
diversity and number of applications, the lack of definitive design 
specifications and engineering designs, and the difficulties in developing 
market penetration curves and projected unit cost curves for Egyptian 
applications greatly complicate such an analysis. 

The approach selected here was to use a modified form of the NPV criterion to 
calculate the levelized cost associated with the delivery of the energy 
services for the applications and renewable energy technologies represented by 
the project's eleven field tests. In this analysis we assume a particular 
rate of return which should be required in Egypt for a capital investment and, 
given the initial and O6M costs and the energy output of the energy system, 
solve for that energy price per unit which must be charged to earn the 
necessary rate of return. The technique employs the unit value of energy, 
i.e., the $/kwh and $MMB~U, calculates the annualized present value of cost of 
the energy per unit, and solves for the "annuity" price per unit of energy 
which must be charged to equal the cost, given the internal rate of return. 
This methodology of computing levelized cost of energy as an economic 
performance measure is commonly accepted and frequently used in the analysis 
of energy systems. Computational details are derived in Annex C. 

The costs and technical performance data for the renewable energy applications 
were estimated from the conceptual design of the field tests. Input data for 
each of the eleven field tests were compiled for the economic analysis of each 
application. The form used for this data compilation is included in Annex C. 
The data for capital cost, operating and maintenance cost, construction 
period, and life of the system were generated only for the portion of each 
application which was associated with the collection, conversion, and storage 
of the solar energy. Projected data for the 1990 installations were estimated 
based on conservative expectations generated by the project team members and 
not on formal future market forecast analyses. Input data and assumptions are 
given in the following section. 



Tn o r d e r  t o  f a c i l i t a t e  the  comparison of t he  renewable energy t e chno log i e s  
wi th  conven t i ona l  energy t e chno log i e s ,  t h r e e  "gene r i c "  conven t i ona l ,  pet roleum 
f u e l  energy sou rce s  were de f i ned :  

o  A b o i l e r  supply ing  h e a t  energy f o r  comparison wi th  s o l a r  hea t i ng  
systems;  

o  A d i e s e l  eng ine /gene ra to r  of o rde r  of magnitude of 1 0  kw r a t e d  ou tpu t  
f o r  comparison with  s i m i l a r  s i z e  s o l a r  e l e c t r i c  systems - f o r  use  i n  
o f f -g r i d ,  d e c e n t r a l i z e d  e l e c t i v e  u t i l i t y  o r  remote s i t e  a p p l i c a t i o n s ;  

o  And, a small g a s o l i n e  eng ine /gene ra to r  of o r d e r  of magnitude of 1 kw 
r a t e d  ou tpu t  f o r  comparison wi th  s i m i l a r  s i z e  s tand-alone s o l a r  
e l e c t r i c  systems deployed i n  remote a r e a s .  

I n  t h e  absence of  s p e c i f i c  one-to-one comparisons of conven t i ona l  ve r su s  
renewable systems,  i t  i s  be l ieved  t h a t  t he  u se  of t h e s e  t h r e e  systems 
r e p r e s e n t s  an  e q u i t a b l e  compromise. For t h e s e  conven t i ona l  t e chno log i e s ,  
which a r e  assured  t o  use  petroleum f u e l  a t  world p r i c e s ,  t he  c o s t  of f u e l  i s  
e s c a l a t e d  a t  a  r e a l  r a t e  of 0 ,  5 X ,  and 10% per  year .  ( A  3% r e a l  f u e l  
e s c a l a t i o n  r a t e  is commonly uaed today i n  economic a n a l y s e s .  However, 
h i s t o r i c a l l y  from 1975 t o  1980, a c t u a l  r e a l  e s c a l a t i o n  r a t e s  were 10% per  y e a r  
f o r  d i e s e l  f u e l  and 16% per  year  f o r  g a s o l i n e .  A r e c e n t  s tudy  documenting 
U.S. i n d u s t r i a l  response on t h e i r  pe r cep t i on  of f u t u r e  f u e l  e s c a l a t i o n  r a t e s  
t o  1990 i n d i c a t e s  ranges  vary ing  from approximately  8% t o  g r e a t e r  than 204.) 
2' To account  f o r  f u e l  t r a n s p o r t a t i o n  and d i s t r i b u t i o n  c o s t s  f o r  t h e  d i e s e l  
and g a s o l i n e  eng ine /gene ra to r  s i t e ,  a f i x e d  charge  e q u a l  t o  202 of the  f i r s t  
annua l  yea r  f u e l  c o s t  was added t o  the  annua l  O&M c o s t s  f o r  systern. A s  wi th  
t h e  renewable energy a p p l i c a t i o n s ,  c o s t  and performance d a t a  were on ly  
gene ra t ed  f o r  t h e  energy supply  system and no t  f o r  l o a d s ,  d i s t r i b u t i o n ,  
equipment and f a c i l i t i e s  which a r e  common t o  t he  system a p p l i c a t i o n .  

The d i s coun t  r a t e  used i n  t h e  a n a l y s i s  was regarded a s  a  v a r i a b l e .  The 
d i s coun t  r a t e  used i n  any NPV economic a n a l y s i s  of p r o j e c t s  should match t he  
u n i t  of account  i n  which c o s t s  and b e n e f i t s  a r e  measured. The range  of r e a l  
d i s coun t  r a t e s  used here  was va r i ed  from 0.04 t o  0.16 and is be l i eved  
a p p r o p r i a t e  f o r  a  l e v e l i z e d  economic c a s t  a n a l y s i s  of energy  systems. 

F i n a l l y ,  in format ion  about  d i s p l a c e d  f u e l  i s  provided f o r  each a p p l i c a t i o n .  
While n o t  used i n  t h e  l e v e l i z e d  c o s t  c a l c u l a t i o n s ,  t h e  amount of f u e l  
d i s p l a c e d  i s ,  none the l e s s ,  q u i t e  impor tan t  i n  t he  p lann ing  s t a g e s  of a  
p r o j e c t .  P a r t i c u l a r l y  impor tan t  i s  the  p o s s i b i l i t y  of r e p l i c a t i o n  of  t h e  
renewable energy f i e l d  t e s t s .  I f  p r o j e c t  A d i s p l a c e s  l e s s  convent iona l  energy 
than  p r o j e c t  B but can be r e p l i c a t e d  a t  many more s i t e s ,  p r o j e c t  A could  be 
t h e  b e t t e r  p r o j e c t  i n  t h e  long run .  

L 1  Wilson and West, l o c . c i t .  



The economic analysis as defined above is intended to provide an input to the 
decision process in a consistent, straightforward approach. While somewhat 
simplified, the approval should yield valid results within the assumptions 
stated and the accuracies of the input data. It should be emphasized, 
however, that regardless of the economic feasibility indicated by this 
analysis, a continuing economic analysis should be performed throughout the 
early phases of this project. In particular, at the critical design reviews 
scheduled for each field test when more accurate cost data can be obtained 
from the preliminary and final engineering designs, the economic feasibility 
of the intended applications must be firmly established prior to proceeding 
with the fabrication and installation of the field test. 

3. Results of Economic Analysis for 1981 Installations 

The input data for the renewable energy technology applications assumed 
installed in 1981 are shown in Table IV B-1, Annex C. The costs are 1981 
costs estimated from the conceptual designs of the field test representative 
of each application. The installed 1981 system costs used in the economic 
analysis are substantially different from the field test project costs. As 
noted previously, the initial capital cost data are only for the energy 
delivery portion of the system application. Loads, facilities, and auxiliary 
equipment are not included. (For example: In the case of the solar 
desalination systems, the costs of the reverse osmosis equipment is not input 
into the levelized cost of energy calculation because those costs are common 
to the system regardless of which energy source is used; also, in the case of 
the solar Rankine cycle cold storage system, the ice-making unit and 
refrigeration storage facilities are not included.) The initial costs were 
estimated by assuming that these systems are the next systems installed beyond 
the field tests and that certain non-recurring coats associated with the field 
tests would not be incurred. All Field test specific costs were subtracted, 
such as engineering design, instrumentation, back-up systems, and operations 
support during the actual field testing. Design and engineering and 
management costs were assumed to be an indirect cost account included in the 
FOB price of the equipment. Since the equipment is commercially available, 
this assumption is considered reasonable. Further reductions were made for 
installation by assuming a greater contribution by the Egyptians. 

The data shown in Table IV B-1 assumes neither system price reductions due to 
technology improvements nor significant local manufacturing. Most of the 
capital equippent is assumed to be manufactured and purchased in the U.S. In 
many applications shipping costs are large a fraction of the installed costs. 



The "Annual Energy Output" data are based on the anticipated energy 
collection, conversion and storage efficiencies anticipated for each renewable 
energy system. It should be noted that the "Annual Energy Output" data are 
qot necessarily equivalent to the "Fuel Displaced Annually." This is due to 
d he :act that a conventional energy technology which could be replaced with 
the proposed renewable energy technology may have a different operational 
cycle or energy conversion efficiency than the renswable energy technology. 

The levelized cost of energy estimates for renewable energy technologies in 
1981 calculated by the methodology previously outlined are shown in Table IV 
R-2, Annex C, for real discount rates of 0.04, 0.10, and 0.16. Levelized 
energy cost estimates for the conventional technologies are given in Table IV 
B-3, Annex C. The results of the economic analyses as presented in these two 
Tables allou comparison of the proposed applications of renewable and 
conventional energy technology based on a unit energy price. This comparison 
is shown graphically in Figure IV 0-1 where the renewable energy technologies 
are grouped with the appropriate 'competing' conventional technology. (Note 
that the scale on the ordinate of the graphs varies.) 

Figure IV B-la shows that, under the stated assumptions, ano depending on the 
required rate of return, the solar industrial process heat applications are 
economic only if a fuel escalation rate of 10% is assumed. The systems 
incorporating heat recovery are attractive at lower fuel escalation rates. 
Figures IV B-lb,c indicate that the remaining renewable energy technclogies 
are not currently economic. 

The results for 1981 are not too surprising as the annual Euel savings 
afforded by the renewable energy systems are more than offset by their large 
current initial costs. What is encouraging, however, is how close they are to 
being economically viable. Most of the renewable energy system applications 
appear to be within range of economic feasibility if (1) projected installed 
costs of these systems fall within present-day scenarios for future fuel ?rice 
increases and renewable energy technology price decreases, and (2) components 
of future initial costs, such as installation, can be transferred to Egyptian 
input factors. 

4. Results of Economic Analysis for 1990 1nstal.lation 

The 1981 installed system cost estimates (Table IV B-1) were used as the 
starting points for projecting costs of the renewable energy applicatFons to 
1990. The projected cost data for 1990 were generated by reducing the 1981 
estimates assuming: 

o Photovoltaic system prices (less installation) of $3.5/wp for the PV 
powered desalination system and photovoltaic array prices (less 
installation) of $1.6/~p for the PV powered irrigation and fisherman 
shelter system - These prices are consistent with present-day 
scenarios for future price reductions in PV systems technology. 

o Construction and installation of all systems by Egyptian labor - The 
Egyptians are capable of installing the systems considering the 
commercial availability of components and the information and 
experience gained from the precursor field tests. This assumption of 
Egyptian labor substantially reduced the installation ccmponent of 
system capital cost which in 1281 was dominated by U.S. labor costs. 

- --- . ----  * -  
I ' 
,c 
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o  Reduction of wind t u r b i n e  g e n e r a t o r  systems ( l e s s  i n s t a l l a t i o n )  t o  
approximately  $2,50O/kw. 

I n  t h e  ca se  o f  s e v e r a l  systems,  smal l  r educ t i ons  i n  annua l  ObM c o s t s  
r e f l e c t i n g  expected exper ience  gained i n  f i e l d  t e s t s *  

o  The l o c a l  manufacture and purchase o f  suppor t ing  hardware such a s  
towers ,  s t o r age  v e s s e l s ,  p ip ing ,  e t c .  - While t h i s  r e s u l t e d  i n  some 
changes i n  equipment c o s t s ,  t h e  major r e d u c t i o n s  were i n  sh ipp ing  
c o s t s .  

The cumulat ive  e f f e c t  of t he se  assumptions  a r e  r e f l e c t e d  i n  t he  1990 i n p u t  
d a t a  f o r  t h e  renewable systems technology shown i n  Table  I V  B-4, Annex C. I t  
i s  be l ieved  t h a t  t he  i n i t i a l  c o s t  e s t i m a t e s  shown r e p r e s e n t  conse rva t i ve  
p r o j e c t i o n s .  Cons t ruc t ion  p e r i o d ,  u s e f u l  l i f e ,  and annua l  energy ou tpu t  were 
not  changed from the  1981 numbers. The l e v e l i z e d  c o s t  of energy c a l c u l a t i o n s  
r e s u l t i n g  from the se  i npu t  d a t a  a r e  shown i n  Table  I V  B-5, Annex C.  

The l e v e l i z e d  c o s t  of energy f o r  t h e  convent iona l  t e chno log i e s  was c a l c u l a t e d  
a s  before  f o r  the  1981 i n s t a l l a t i o n s ,  excep t  t h a t  t h e  f u e l  c o s t s  were 
e s c a l a t e d  i n  accord wi th  a  1990 i n s t a l l a t i o n  d a t e .  R e s u l t s  a r e  d e t a i l e d  i n  
Table I V  B-6, Annex C.  

T h e  comparisons between t h e  renewable and convent iona l  energy system 
~ e ~ h n o l o g i e s  a r e  g r a p h i c a l l y  p l o t t e d  i n  F igure  I V  B-2. (Note t h a t  the  s c a l e  
of t he  o r d i n a t e  of t h e  g raphs  v a r i e s . )  The r e s u l t s  of t h e  economic a n a l y s i s  
f o r  1990 a r e :  

o  The p r o j e c t e d  1990 u n i t  energy c o s t s  f o r  t h e  s o l a r  i n d u s t r i a l  p roce s s  
hea t  a p p l i c a t i o n s  shown i n  F igure  I V  B-2a dec r ea se  from t h e  1981 
l e v e l s  by about  182 i n  a l l  c a s e s  excep t  f o r  t h e  f r u i t  d rye r ,  where 
t h e  c o s t s  dec r ea se  about  35% due t o  the  g r e a t e r  p ropo r t i on  of 
i n s t a l l a t i o n  and sh ipp ing  c o s t s  t o  c a p i t a l  c o s t s  i n  t he  i n i t i a l  
e s t i m a t e s .  For 1990, a l l  of t h e  s o l a r  i n d u s t r i a l  p rocess  hea t  
systems o t h e r  than t he  f r u i t  d r y e r  a r e  economical ly  a t t r a c t i v e  f o r  a 
r a t e  of r e t u r n  of about  12% and a  5% f u e l  e s c a l a t i o n  r a t e .  The f r u i t  
d r y e r  i s  a t t r a c t i v e  f o r  an  assumed f u e l  e s c a l a t i o n  of 10%. The 
p ro j ec t ed  economic f e a s i b i l i t y  of t he se  r e s u l t s  a r e  g e n e r a l l y  
c o n s i s t e n t  wi th  economic ana ly se s  pro ec t ed  f o r  s i m i l a r  U.S. s o l a r  i' i n d u s t r i a l  p rocess  hea t  a p p l i c a t i o n s  2 9 9  30. 

28 I b i d .  

29 SERI, "Cost of Energy from some Renewable and Convent ional  
Technolog ies , "  FY 1980 Progress  Report ,  SERIISP-741-1022, N81-27662. 

30 Kre i t h  & West, "Economics of S o l a r  Energy and Conserva t ion  Systems; Vol. 
TI S o l a r  App l i c a t i ons  and Cos t , "  CRC P r e s s ,  1980. 



o The projected 1990 unit energy costs for the small photovoltaic 
systems shown in Figure IV B-2b indicate that these applications are 
economically feasible. This is due to the significant cost 
reductions projected for photovoltaics technology and the high costs 
of comparable conventional energy systems at remote sites. These 
results are consistent with many other economic analyses of similar 
PV concepts 31, 32, 33, 34. 

o In Figure IV B-2c, the solar prowered desalination systems are seen 
to be economically competitive with conventionally powered systems. 
These resuits are in agreement with the results of a study conducted 
on similar desalination concepts for Egypt 35. 

o In Figure IV B-Zc, the village wind power system is uneconomic when 
compared to a conventional diesel engine generator below fuel 
escalation rates of 10%. The principal reasons for this are the high 
installed cost of the 20kw rated wind turbine and the battery storage 
system and the system's assumed capacity factor. The results 
indicated here are not in general agreement with other studies 
conducted for small wind power systems, especially for developing 

31 Develo ment S~iences, Inc (DSI), "The Economic Costs of Renewable 
Energy, Final Report, April 2, 1981, For AID, Contract No. 
AID/SOD/ PDC-C-0306. 

32 Cabraal, et al, "Market Assessment of PhotovoltaicnPower S stems for 
Agricultural Applications in the Philippines, NASA cZ-165286, April 
1981. 

33 Halcrow & Partners, "Small-Scale Solar-Powered Irrigation Pumping Systems; 
Technical and Economic Review," UNDP Project GL0/78/004, Sept. 1981. 

34 Aerospace Corporation "Comparison of Photovo;talc & Diesel Engine 
Systems for viilage Power Applications, for NASA-LeRC, May 1980. 

35 MIT Energy Lab/K.F. Dudley, "Solar Powered Desalination in Egypt: A 
Design 6 Cost Analysis," MIT-EL 81-015wP, March 1981. 
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FIGURE I V  0-2b 
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c o u n t r y  a p p l i c a t i o n s  36 ,  3 7 ,  38,  39,  40. I f  Egyp t ian  r u r a l  v i l l a g e  
e l e c t r i c a l  needs can  be met by s m a l l e r  s i z e  wind sys tems and 
e s p e c i a l l y  i f  f a v o r a b l e  wind s i t e s  can be l o c a t e d ,  t h e s e  sys tems may 
be economical ly  f e a s i b l e .  A d d i t i o n a l  s t u d y  f o r  t h e s e  a p p l i c a t i o n s  
a r e  r e q u i r e d .  

o  The p r o j e c t e d  1990 u n i t  energy c o s t s  f o r  t h e  s o l a r  Rankine c y c l e  
r e f r i g e r a t i o n  system shown i n  F i g u r e  I V  B-2c c l e a r l y  i n d i c a t e  t h a t  
t h i s  sys tem concept  i s  n o t  economic. T h i s  i s  caused by t h e  s y s t e m ' s  
r e l a t i v e l y  h lgh c a p i t a l  c o s t  and ve ry  low o v e r a l l  sys tem e f f i c i e n c y .  
However, t h e  need f o r  r e f r i g e r a t i o n  and f r o z e n  s t o r a g e  i s  c r i t i c a l  i n  
Egypt ,  e s p e c i a l l y  i n  remote a r e a s .  S o l a r  powered sys tems shou ld  be 
thorough ly  i n v e s t i g a t e d  f o r  p o t e n t i a l  a p p l i c a t i o n  i n  Egypt,  w e l l  
beyond t h e  l i m i t e d  t e c h n i c a l  and economic a n a l y s i s  performed i n  t h i s  
paper .  A s  noted i n  t h e  Techn ica l  F e a s i b i l i t y  s e c t i o n  of t h i s  p a p e r ,  
U.S. e n g i n e e r i n g  f i e l d  t e s t s  of solar-powered c o o l i n g  t e c h n o l o g i e s  
( i n c l u d i n g  Rankine sys tems)  a r e  c u r r e n t l y  underway. The r e s u l t s  of 
t h e s e  U.S. f i e l d  t e s t s  should  be f a c t o r e d  i n t o  p r e l i m i n a r y  
e n g i n e e r i n g  d e s i g n s  of  s o l a r  r e f r i g e r a t i o n  c o n c e p t s  us ing  d e t a i l e d  
Egyp t ian  a p p l i c a t i o n  s p e c i f i c a t i o n s .  The economic v i a b i l i t y  of t h e  
r e s u l t i n g  concep t s  can  t h e n  be a s s e s s e d  w i t h  c e r t i t u d e .  

36 SERI, l o c .  c i t .  

37 M i k h a i l ,  A m i r ,  "Wind Power f o r  Developing Na t ions ,  " SERI/TR-762-966, 
J u l y  1981. 

38 JBF SCI. Corpora t ion ,  "Small  Wind Systems A p p l i c a t i o n s  A n a l y s i s ,  " 
T e c h n i c a l  Report RFP-3147/2 UC-60, June 1981. 

39 Hegazy, M .  "Wind Energy U t i l i z a t i o n  i n  Egypt ,"  Egyp t ian  E l e c t r i c a l  
A u t h o r i t y  Repor t ,  J u l y  1981. 

40 U.N.  Econ. Commission f o r  Western As ia ,  "New 6 Renewable Energy i n  t h e  
Arab World, " B e i r u t ,  1981. 



Conc lus ions  of  Economic A n a l y s i s  

Tt~e r e s u l t s  of a  p r o j e c t e d  economic a n a l y s i s  t o  1990,  u s i n g  l e v e l i z e d  c o a t  of  
ine rgy  and c o n v e n t i o n a l  e n e r g y  sys t ems  a s  c o m p a r a t o r s ,  i n d i c a t e  t h a t  e i g h t  of  
t h e  e l e v e n  renewable  e n e r g y  a p p l i c a t i o n s  proposed f o r  f i e l d  t e s t  a r e  
e c o n o m i c a l l y  a t t r a c t i v e .  Of t h e  r ema in ing  t h r e e ,  t h e  s o l a r  a g r i c u l t u r a l  f r u i t  
d r y e r  a g r i c u l t u r a l  a p p l i c a t i o n  i s  economic i f  pe t ro l eum f u e l  e s c a l a t e s  a t  10% 
p e r  y e a r .  The v i l l a g e  wind power and t h e  s o l a r  Rankine r e f r i g e r a t i o n  sys t em 
a p p l i c a t i o n s  a r e  n o t  economic i n  t h e i r  p r e s e n t  d e s i g n  c o n f i g u r a t i o n .  
'mplementing t h e  f icLd t e s t s  f o r  t h e s e  sys t ems  would, however,  p r o v i d e  
v a l u a b l e  i n f o r m h t i o n  f o r  r e l a t e d  E g y p t i a n  a p p l i c a t i o n s .  I t  is recommended 
t h a t  f i e l d  t e s t s  f o r  t h e s e  L a t t e r  two sys t ems  be implemented a t  l e a s t  t h rough  
a p r e l i m i n a r y  e n g i n e e r i n g  d e s i g n  phase  when t h e  economics  c a n  be more 
thc ) rough ly  and a c c u r a t e l y  a s s e s s e d .  

C .  S o c i a l  Soundness A n a l y s i s  

The Ygyp t i an  s o c i a l  s t r u c t u r e  d o e s  n o t  p r e s e n t  any ma jo r  o b s t a c l e  t o  
i n t r o d u c i n g  s o l a r  renewable  e n e r g y  t e c h n o l o g i e s .  However, t h e  t o t a l  p o t e n t i a l  
impact  of  t h e s e  new t e c h n o l o g i e s  may no t  be e v i d e n t ,  e s p e c i a l l y  t o  t h e  
f a r m e r s ,  f i s h e r m e n  and l o c a l  v i l l a g e r s .  Dur ing  s u b - p r o j e c t  development 
E g y p t i a n  o f f i c i a l s  ( s e e  Annex A )  on  bo th  t h e  n a t i o n a l  and l o c a l  l e v e l s  were 
e x t r e m e l y  r e c e p t i v e  and h i g h l y  s u p p o r t i v e  of  t h i s  proposed s u b - p r o j e c t  and t h e  
F i e l d  T e s t s ,  T r a i n i n g ,  S u p p o r t i n g  Ana lyses  and New I n i t i a t i v e  e l e m e n t s .  S i n c e  
t h i s  s u b - p r o j e c t  i s  aimed a t  c o l l e c t i n g  d a t a  i n  o r d e r  t o  d e t e r m i n e  t h e  
v i a b i l i t y  of  r enewab le  e n e r g y  t e c h n o l o g i e s  i n  t h e  E g y p t i a n  c o n t e x t  and i s  
g e a r e d  t o  d e v e l o p i n g  E g y p t i a n  u n d e r s t a n d i n g  of  how t h e  t e c h n o l o g i e s  f u n c t i o n ,  
a n  on-going socio-economic e v a l u a t i o n  w i l l  be i m p o r t a n t .  I n p u t s  t o  assist i n  
t h i s  e v a l u a t i o n  a r e  provided f o r  under  t h e  S u p p o r t i n g  Ana lyses  and T r a i n i n g  
P r o j e c t  e l e m e n t s .  A l so ,  a measure of  t h e  s o c i a l  a c c e p t a n c e  o f  s o l a r  
t e c h n o l o g i e s  w i l l  be ev idenced  by t h e i r  r e p l i c a t i o n  and s p r e a d  e f f e c t s  a f t e r  
t h e  f i e l d  t e s t s ,  p r o v i d i n g  e n e r g y  p r i c i n g  p o l i c i e s  change.  An i n d i c a t i o n  of  
t h i s  w i l l  be t h e  number of  proposed a p p l i c a t i o n s  which a r e  r e c e i v e d  u n d e r  t h e  
N e w  I n i t i a t i v e s .  

T h i s  s u b - p r o j e c t  w i l l  be s u p p l y i n g  t e c h n o l o g y  and t r a i n i n g  s u i t a b l e  and 
c o n s i s t e n t  w i t h  n a t i o n a l  and r e g i o n a l  E g y p t i a n  development  g o a l s  and p l a n s .  
The f o l l o w i n g  may be conc luded  r e g a r d i n g  t h e  s o c i a l  i m p l i c a t i o n s  of  t h i s  
a c t i v i t y :  
b 

o  The program i s  c o m p a t i b l e  w i t h  E g y p t i a n  e f f o r t s  i n  t h e  p r o d u c t i o n  o f  
f r e s h  w a t e r  which would p r e s e n t  o p p o r t u n i t i e s  f o r  a  p o p u l a t i o n  s h i f t  
from t h e  N i l e  r e g i o n .  

o  I f  t h e  f i e l d  t e s t  s y s t e m s  p rove  v i a b l e ,  t h e  b e n e f i t s  w i l l  be 
widesp read  and l a s t i n g  due  t o  o p p o r t u n i t i e s  f o r  r e p l i c a t i o n  of t h e s e  
sys t ems  s i n c e  t h e y  w i l l  have  t h e  p o t e n t i a l  t o  improve t h e  w e l f a r e  of  
p e o p l e  i n  t h e  remote r e g i o n s  of  Egypt ,  e s p e c i a l l y  i n  t h e  F r o n t i e r  
G o v e r n o r a t e s -  
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o The f i e l d  t e s t s  and training w i l l  p r o d c e  bet ter  q a l i f i e d  technical 
p e r s o ~ e l  in  t h e  Egyptian government and other par t ic ipat ing agencies 
. This w i l l  improve the q a l i t y  of t h e  Egyptian technical 
organizations reslpnsible for planning for the h b r e  u s e  of 
renewable energy technologies a s  a c o n t r i h t i n g  energy m r c e  i n  
Egypt. 

o The i n t r o d c t i o n  of solar energy for i n d s t r i a l  process hea t  
applications w i l l  not only provide a renewable s b s t i b t e  for  the  
conventional fLels which can bet te r  b e u t i l i z e d  for other prpses, 
h t  it w i l l  a lso desnonstrate t h e  need for energy conservation which 
is an integral  par t  of solar energy technology. The project design 
team f a n d  l i t t le  o r  no evidence of waste heat recovery o r  other 
energy conservation t echn iqes  associated with the i n a s t r i a l  sites 
v is i ted ,  so t h i s  ac t iv i ty  w i l l  serve to i n i t i a t e  i n a s t r i a l  awareness 
abcut the  tremendals o p r t u n i t i e s  for  energy savings by waste heat 
recovery. 

The principal beneficiaries of t h i s  ab-project w i l l  be the  general p lb l i c  
since : 

o major displacement of o i l  w i l l  allow for t h e  export of domestic o i l  
which w i l l  improve the Egyptian foreign exchange position and, 
thereby, improve the general economic stabs of t h e  general p p l l c u s ,  
assuming the government of Egypt maintains its policy of w i t a b l e  
social development. 

o m r e  re l iab le  power systems for  c r i t i c a l  uses  i n  i n a s t r y  o r  
comnica t ions  o r  for potable water, now a b j e c t  t o  power cutage or  
fbe l  s b r t a g e s ,  w i l l  improve q a l i t y  of l i f e  thrcugh be t te r  services 
and rmre e f f ic ien t  procbction. 

The technical infrastructure of Egypt w i l l  be benefited by the participation 
of Egyptian univers i t ies  and by the training of engineers and technicians and 
others  i n  t h i s  sub-project. The pr ivate  sector w i l l  a lso benefit  by these 
f i e l d  t e s t s  as t h e  awareness of renewable energy technologies w i l l  be created, 
information on f i e ld  t e s t s  and technologies w i l l  be dissiminated, technical 
assistance and training opporUnities w i l l  ex i s t .  When the market signals a r e  
r ight ,  the demand for a local marufacbrinq capabili ty w i l l ,  i f  the f i e l d  
t e s t s  prove access fh l ,  already ex is t .  

D. I n i t i a l  Environmental Analysis 

O f  the  f a r  major a c t i v i t i e s  of t h i s  project,  only the f i e l d  tes t ing b a l d  
have d i rec t  environmental effects.  The potential  environmental e f fec ts  of the 
f i e ld  t e s t s  a r e  jldged to  be wholly posit ive based on the non-polluting 
character is t ics  of solar technology compared to  the conventional a l ternat ives  
now employed. Therefore, a negative determination is recommended s lch tha t  an 
environmental assessment and impact statement not be r e q i r e d .  Luring the 
appor t inq  Analyses, technical assistance w i l l  be given to  QHREA and 
participating e n t i t i e s  in  9dging the environmental impacts of these and other 
renewable energy technologies. 



V. EVALUATION FLAY 

The Renewable Energy Field Testing sub-project will be evaluated from 
technical, economic and social viewpoints. The project will be reviewed and 
evaluated on an annual basis by USAID. We will also finance two external 
evaluations: one near the mid-point of the sub-project after installation of 
the initial field tests and all activities have begun; the other at the end of 
the sub-project. The specifics of the evaluations and the composition of the 
evaluation team will be detailed in the Project Management Implementation Plan 
to be supplied by the contractor within three months of being contracted. 
Evaluations will 5e cond~cted jointly by USAID and the GOE, the external ones 
with the assistance of technical experts outside AID. Funding for the 
external evai7~a:ions has been included in the budget. 

The technical performance of the field test systems, including reliability 
maintenance, will be monitored and evaluated throughout the life of the 
sub-project. Attention will be given to the specification of data 
requirements, the design and installation of instrumentation, and data 
collection and analyses of results. 

A continuing analysis of the economics and social acceptance factors of the 
systems and applications will be conducted under the Supporting Analyses 
element and used in the evaluations. Price per unit of delivered energy, 
actual operation and maintenance costs, product yield, system efficiencies and 
displaced fuel will be factors considered. The evaluations will also compare 
the economics of the solar systems with conventional systems. 

An important criterion to be used in the final evaluation of the sub-project 
will be whether where initial data has shown that field tests are successful 
and reasible for replication, there has been some move toward adoption of 
similar systems and applications in other industrial and agricultural 
settings. Sociological aspects regarding the introduction, disposition, and 
long-range sustainability of the solar systems will also be considered in the 
evaluation. The involvement of communities and users will be of special 
interest. The ability of end-users to adapt to these new technologies and 
contribute to their installation, operation and maintenance costs will provide 
a measure as to whether or not these systems are appropriate for the Zgyptian 
environment. Finally, the reactions of policy-makers within the GOE and the 
rrivate sector will be sought as field test experience is gained. 

Ar?nex Q and Section I1I.D. Supporting Analyses supply further information on 
the information system which will be developed upon which detailed evaluations 
will be designed and carried out. 



V I .  SUB-PROJECT ADMINISTRATION AND IMPLEMENTATION PLAN 

A. Master  Schedule 

The m a s t e r  schedu le  f o r  major sub-pro jec t  element t a s k s ,  a c t i v i t i e s  and 
m i l e s t o n e s  i s  g iven  i n  F igure  V I - 1 .  The t ime r e q u i r e d  t o  accomplish t h e  
s u b - p r o j e c t ' s  g o a l s  and complete  t h e  t a s k s ,  d e s c r i b e d  i n  S e c t i o n  C - 
Sub-project  Elements,  i s  e s t i m a t e d  t o  be 60 months from t h e  s i g n i n g  of 
t h e  Grant  Agreement and t h e  award of a  P a r t i c i p a t i n g  Agency S e r v i c e s  
~ g r e e m e n t  w i t h  NASA Lewis Research Center  (NASA LERC) a e  t h e  U.S. P r o j e c t  
Management o r g a n i z a t i o n .  

The M i n i s t r y  of E l e c t r i c i t y  h a s  s p e c i f i c a l l y  r e q u e s t e d  t h e  p a r t i c i p a t i o n  
of NASA LERC a s  t h e  p r o j e c t  management c o n t r a c t o r  f o r  t h i s  p r o j e c t  a s  t h e  
on ly  e n t i t y ,  both  w i t h i n  U.S. Government and i n  t h e  p r i v a t e  s e c t o r ,  which 
can b r i n g  o b j e c t i v e ,  t e c h n i c a l  e x p e r t i s e  t o  bear  upon t h e  p r o j e c t  and,  a t  
t h e  same t ime,  p rov ide  p r o j e c t  c o n t i n u i t y .  The GOE i s  keen t o  work w i t h  
a n  agency of NASA's s t a t u r e  and e x p e r t i s e .  It is  our  cons idered  o p i n i o n  
t h a t  NASA Lewis Research Cente r  h a s  t h e  q u a l i f i e d  pe rsonne l  who have 
shown themselves  capab le  of working c l o s e l y  w i t h  t h e  Egypt ians  and cou ld  
s e r v e  t o  upgrade Egypt ian c a p a b i l i t y  i n  t h i s  f i e l d  by t r a n s f e r r i n g  t h e  
NASA management s t y l e .  NASA LERC has  shown o u t s t a n d i n g  a b i l i t y  t o  a s s i s t  
i n  t h e  implementat ion of o t h e r  A I D  p r o j e c t s ,  e s p e c i a l l y  i n  t h e  a r e a  of 
p r o j e c t  management i n  T u n i s i a  and Upper Vol ta .  

Because t h e  Miss ion does  no t  have a  renewables e x p e r t  r e s i d e n t  i n  C a i r o ,  
( a l t h o u g h  a  Miss ion e n g i n e e r  has  been c o l l a b o r a t i n g  w i t h  t h e  S&T o f f i c e  
on t h i s  sub-pro jec t )  i t  was determined t h a t  a n o t h e r  U.S. Government 
agency could  most a p p r o p r i a t e l y  p rov ide  a  f u l l  t ime s o u r c e  of t e c h n i c a l  
e x p e r t i s e  t o  a s s i s t  t h e  Miss ion w i t h  t h e  c o o r d i n a t i o n  and management of a  
l a r g e  number of sub-con t rac to rs .  A s  a n o t h e r  f e d e r a l  agency,  NASA i s  
prepared t o  perform t h e  t a s k s  o u t l i n e d  i n  t h i s  S e c t i o n  and has  t h e  
exper ience  which t h e  Miss ion and t h e  GOE r e q u i r e .  Although t h i s  
c o o r d i n a t i o n  f u n c t i o n  could  conce ivab ly  be c a r r i e d  o u t  i n  t h e  p r i v a t e  
s e c t o r ,  most p e r s p e c t i v e  c o n t r a c t o r s  have management e x p e r i e n c e ,  
exper ience  i n  renewables ,  o r  exper ience  w i t h  l a r g e  m u l t i - f a c e t e d  
p r o j e c t s ,  but  n o t  a l l  t h r e e .  The c o o r d i n a t i o n  r o l e  a s s i g n e d  t o  NASA 
r e l a t i v e  t o  t h e  e n t i r e  p r o j e c t  i s  one which t h e  GOE and t h e  Miss ion 
b e l i e v e  should s t a y  w i t h i n  t h e  U.S. Government. I n  a d d i t i o n ,  A I D / W 1 s  
O f f i c e  of Energy w i l l  c o n t i n u e  t o  suppor t  t h e  Miss ion d u r i n g  p r o j e c t  
implementat ion,  p rov id ing  t e c h n i c a l  a s s i s t a n c e  a s  n e c e s s a r y .  NASA has  
e x p e r i e n c e  and in-depth f a m i l i a r i t y  w i t h  n a t i o n a l  and i n t e r n a t i o n a l  
s t a n d a r d s ,  developments,  p r a c t i c e s  and procedures  f o r  t h e  d e s i g n ,  
manufacture  and t e s t i n g  of renewable energy t e c h n o l o g i e s  a s  w e l l  a s  a  
proven c a p a b i l i t y  t o  a c t  a s  c o n t r a c t  a d m i n i s t r a t o r  d u r i n g  implementat ion 
of t h e  p r o j e c t  whi le  Following U.S. Government p rocedures  f o r  c o n t r a c t i n g .  

I n  p a r t i c u l a r ,  t h e  Support ing Analyses and New I n i t i a t i v e s  p r o j e c t  
e lements  a r e  b e s t  e n t r u s t e d  t o  a n o t h e r  U.S. Agency s i n c e  no p a r t i c u l a r  
technology would be recommended by them w i t h  a  p r o f i t  motive i n  mind. 
The p l e t h o r a  of vendors of renewable energy t e c h n o l o g i e s  i n  Egypt has  
reached a  l e v e l  where i t  i s  deemed necessa ry  t h a t  NASA, a s  t h e  agency 



that has had the primary role in developing and advancing R E 
t~chnologies, be involved in evaluating the appropriateness of such 
rechnologies for application in Egypt. 

NrGA LERC will work very closely with the host country implementing 
agency QHREA to facilitate technology transfer and management training 
such that the New Initiatives may be implemented with maximum lead 
responsibility by the host country and minimum assistance from NASA. 

QEEEA has been given authority for implementation of all Egyptian 
tonewable energy projects (See Annex P). Its current activity includes 
both study ?nd s"te assessment, and the implementation, test and 
documentation of revewable energy projects with other Egyptian entities 
;nd foreign c:onors. The QEIREA has supported study and analytical tasks 
s.:=h as the USAID Mitre study; the McDonnell Douglas Corporation site 
~tudy for central power towers; and the pre-feasibility study with EEC 
for the establishment of EREDO. It is also lending technical assistance 
and other support to the American University in Cairo's desert 
development project in Sadat City. 

kong their hardware actidties is the procurement and test of 1000 solar 
hct water systems. Collector thermal testing to the ASHRAE Standard is 
accomplished on a .routine basis. International cooperative programs 
involve a solar cold storage unit and solar desalinization plant with 
France, and a German cooperative project for 10 kw photovoltaics to be 
used in a variety of applications (see Annex L for detailed activities 
with other donors). 

NASA will be responsible for coordinating all U.S. sub-project inputs, 
including furnishing all technical services required to successfully 
implement the Supporting Analyses, Field Tests and Training actidties 
described in the Project Paper and further defined in the Project 
Implementation Plan. These functions shall include: 

A .  Assembly of the necessary work force and securing of the 
services of solar energy experts in the fields of photovoltaics, 
wind, solar industrial process heat, solar Rankine cycle, and 
solar desalination for determining and developing the detailed, 
site- specific technical specifications required for procurement 
for all approved field tests. 

B. Development and eubmiseion to USAID and GOE for review and 
approval of a detailed Project Implementation Plan which will 
include updated technical schedular and resource requirements 
(based on the detailed technical specifications developed for 
the procurement documents) as well as detailed definition of the 
functional and specific roles and responsibilities of all 
participating parties, including interfacing, approval, and 
other procedures regarding the implementation activities for 
achieving the sub-project purpose. 

C. Provision of the necessary solar technology oversight to ensure 
that correct design principles and engineering practices are 
followed in the implementation of all selected project field t e s t s ,  

--..I__r ------- - - . - - .  - --, . 
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D. R e s p o n s i b l i t y ,  i n  f u l l  c o l l a b o r a t i o n  w i t h  QHREA, f o r  t h e  
procurement of a l l  equipment and s e r v i c e s  from U.S. s o u r c e s  
r e q u i r e d  f o r  t h e  approved f i e l d  t e s t s .  Procurement f u n c t i o n s  
f o r  which NASA w i l l  be r e s p o n s i b l e  w i l l  i n c l u d e :  

1. P r e p a r a t i o n  of t h e  t e c h n i c a l  package d e f i n i n g  t h e  s y s t e m ( s ) .  

2 .  I s s u a n c e  of r e q u e s t s  f o r  p r o p o s a l s .  

3. Conducting b i d d e r s '  c o n f e r e n c e s  a s  n e c e s s a r y .  

4. Performance of t e c h n i c a l  e v a l u a t i o n  of  p r o p o s a l s  and award 
of c o n t r a c t s  through c o m p e t i t i v e  procurements ,  f o l l o w i n g  
USAID c o n t r a c t i n g  g u i d e l i n e s .  

5. Conducting d e b r i e f i n g s  of u n s u c c e s s f u l  b i d d e r s  a s  r e q u i r e d .  

6. Moni tor ing s u b - c o n t r a c t o r s '  performance i n c l u d i n g  sys tem 
d e s i g n  r e v i e w s / a p p r o v a l s ,  t e c h n i c a l  d i r e c t i o n  of  
s u b - c o n t r a c t o r s '  work, and adherence  t o  t e c h n i c a l  
m i l e s t o n e s  and c o s t  s c h e d u l e s .  

E .  P r o v i s i o n  of g e n e r a l  t e c h n i c a l  and management a s s i s t a n c e  t o  t h e  
h o s t  c o u n t r y  f o r  a l l  sub-pro jec t  a c t i v i t i e s  ( e . g . ,  New 
I n i t i a t i v e s  Task) f o r  which t h e  h o s t  c o u n t r y  h a s  l e a d  
r e s p o n s i b i l i t y  a s  d e f i n e d  i n  t h e  Implementa t ion P lan .  

F. Coord ina t ion  and management of sub-pro jec t  r e s o u r c e s  from t h e  
p lann ing  s t a g e  through p r o j e c t  complet ion i n  accordance  w i t h  
USAID f i n a n c i a l  management r equ i rements .  

G .  P r o v i s i o n  f o r  t h e  t r a i n i n g  of h o s t  coun t ry  p e r s o n n e l  i n  c o n t r a c t  
and p r o j e c t  management t e c h n i q u e s ,  i n c l u d i n g  t e c h n i c a l  
a s s i s t a n c e  i n  t h e  p r e p a r a t i o n  of s p e c i f i c a t i o n s  and procurement 
documents f o r  a l l  h o s t  c o u n t r y  c o n t r a c t i n g  i n  accordance  w i t h  
A I D  r e g u l a t i o n s .  

H. P r e p a r a t i o n  of monthly s t a t u s  r e p o r t s  which i n c l u d e s  a  b r i e f  
d e s c r i p t i o n  of  t h e  t e c h n i c a l  p r o g r e s s  d u r i n g  t h e  r e p o r t i n g  
p e r i o d  a long  wi th  a  s c h e d u l a r  and f i n a n c i a l  summary. P rov ide  
Q a t t a r a  and USAID w i t h  c o p i e s  of  a l l  r e p o r t s  and s t u d i e s  
conducted by s u b - c o n t r a c t o r s  funded under  t h e  p r o j e c t .  P rov ide  
t o  Q a t t a r a  and USAID t i m e l y  t r i p  r e p o r t s  c o v e r i n g  NASA p e r s o n n e l  
and i t s  sub-con t rac to r s .  



_II__Y_ . w ---__a ----I -. 

PAOdECT W G E I E H T  

F IELD TESTS 

SUPPORTIN6 A N M Y S l S  

TRAl MI W 

MU lnlrlmrlvrs 

I. L r u l  b-1 i l ~ w l i  P A W C r t r r c t  lor 
~ J O C ~  ku-rt b a r n  

1. ill. s u m  (oql.ldl b c l w  i p c l t l c r t l w  
t m p r n d i  Froc-ntr ~ n ~ t ~ b t o l  

6. I r o t n t q  tor ilb k ~ v n  I n l t l o t d  

. . - - 
IS. Cutrut1 kM 

10. kr tatttr l tvec I & a t t t t r d  16. Rch. and Eaon.Anrl d Completed 
11. brrt lns.  k.l(wlq. $ r r i a t t r  Wkbl 

II. I m t r l l r l l m  r l  f lnr I n t c  C o q l e W  
a I . v t r / C a o d l n r t l r  k t -  

It. Asslslruo lor local Wuuluturly/+le(rarwr 
Irsh blind t Projact L v r l u r t l u  

Flgure VI-1 . Renewable Energy F le ld  Tes t lng Project 
Has t e r  Schedule 



Major milestones and activities include: 

o Completing detailed site surveys and acquiring technical data 
and information required for the preparation of design 
specifications for the field tests and detailed Implementation 
Plans. The time required for these tasks depends on the 
specific field test, varying from approximately one month for 
the small field tests, e.g., photovoltaic-powered irrigation 
systems, to six months for the more complex field tests. (In 
some instances instrumentation systems will be installed and 
data collected and analyzed over longer periods. These tasks 
will be performed under the Supporting Analyses element.) 

o Preparation of detailed Implementation Plans and Annual 
Operating Plans, the preparation of Requests for Proposals, the 
evaluation and selection of sub-contractors and the negotiation 
and award of sub-contracts for the field tests. 

o Detailed field test design, assembly, testing of sub-systems and 
components (if required), shipping, installation, operations 
training, and check-out. Again, the time required for the tasks 
depends on each field test. Installation of the first systems 
is scheduled for the first quarter of year 2; all field tests 
should be installed by the first quarter of year 3. 

o Supporting Analyses, Training and New Initiatives tasks phased 
to complement the Field Tests. 

o Approximately two-year period of field testing operations. 

o Completion of all sub-project tasks with final reporting and 
evaluation. 

An order of priority of field test installation should not be necessary 
as installation will be determined by the varying lengths of time to 
manufacture the equipment for the field tests. The joint QHREA-NASA RFP 
development and bid reviews will, however, provide a forum for ordering 
installation activities should that become necessary. Moreover, due to 
the number of sub-contractors, field test entities and QHREA personnel to 
be involved in this sub-project, it is anticipated that installation 
activities will be proceding at various sites concurrently without 
confronting personnel constraints. 

The Renewable Energy Field Testing sub-project is involved not only with 
a number of solar technologies and applications but also with a large set 
of diverse activities and tasks. The successful implementation of the 
sub-project will depend directly on the effectiveness of the management 
organization and participants. Training for the Egyptian counterpart8 ae 
described in XI.C.5, will serve to upgrnde COE personnel and field test 
participant management skills as well ae provide technical on-the-job 
training. 



3. Manayement S t m c b r e  and Roles and Respnsibi l i t ies  of 
33s~L:lcipants - -- 
112 rr.&!agement s t r ucb  re  asslmed for t h i s  slb-pro ject is based on: 1) 

tLL- creation of a NASA coordinator and GOE project manager and f ie ld  t e s t  
s i t e  managers w h o  are the focal points of management responsibility for 
tno condct  of their assigned tasks; 2 )  centralized planning and control 
w:-ich is exerted by the project manager and the other organizations; 3 )  
decentralized project executive, i.e., mch of the  mrk w i l l  be performed 
_*;side each of the sib-project and site managers' organizations by 
o ~ h e r s  who are a t s i d e  the direct administrative dlthority of the 
9: b p r o  ject and s i te  Fanagers, tu t who take direction from the  managers. 
Tne SASA coordination and technical assistance role is based on the 
phil.~mphy of providing direct ,  k t  ordered, assistance to the GOE and 
private sector, while integrating the technical and managerial competence 
of U . S .  and GOE agencies, i n d s t r i e s  and organizations. 

Il':~e propxed project management s t m c b r e  is shown in F i g r e  VI-2. 
'-"iID/?airo's Science and Technology (S&T) Office w i l l  manage the 
?:~=xt, providing p l i c y  and technical gidance and information 
:c?ccrning the other slb-projects and other relevant USAID activi t ies .  
:ASA LERC w i l l  be responsible to QHREA's project manager and, in a 
-3llaborative m e r ,  provide the technical inpts to  the ab-project. 
Q.WA w i l l  be ful ly responsible for coordinating a l l  f ie ld  t e s t  ent i ty 
act ivi t ies ,  including s i t e  preparation for installation of eqlipment, 
h m a n  and financial r e m r c e s  for that installation, agreements wi th  
those en t i t i e s  for establishing a system for carefbl monitoring and data 
coliection once the systems are installed. QHREA w i l l  be responsible for 
coordination wi th  local participating ministries, governorate offices, 
companies, universities and CARE where applicable. 

Technical assistance w i l l  be provided th ragh  a PASA with NASA LERC who 
w i l l  coordinate U.S. inpl ts  including goods and technical services. 
QEEA w i l l  be responsible for implementing host c a n t r y  ac t iv i t ies  with 
I-xhnical assistance and slpport app l ied  by NASA and its 

,J ccntractors. For slb-pro ject tasks involving U.S. slb-contractors, 
' . 3 xi11 have f inal  responsibility, as  the contracting agent, however, 
r,:TEl d i l l  a s s i s t  and support these tasks in a a l l y  collaborative mode. 

:.,fZe w i l l  be a QHREA project manager and assistant project manager as  
.?I1  as  f a r  s i t e  managers. These site managers w i l l  be responsible fcr  
-.\jistic s l pwr t ,  a c q  is i t ion  of s i t e  sl rvey data, l iaison and 

~ o ~ r d i n a t i o n ,  installation s l p p r t ,  and the management of operations 
nraintenance for each f ie ld  tes t .  Technical assistance, eqlipnent, and 
?ervices app l ied  by NASA and its stb-contractors w i l l  be defined in the 
Project Implementation Plan. Once New Init iat ives begin, additional s i t e  
msnagers w i l l  be added: one t h e  f i r s t  year, an additional one the second 
year and three for years three th ragh  five. 
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The design, assembly, sub-system and component testing, shipping, and 
installation for the majority of the field tests will be the final 
responsibility of U.S. sub-contractors selected and awarded through 
competitive procurements by NASA in collaboration with the GOE project 
manager. Once field test installation requirements have been 
established, it will be the responsibility of QHREA to mobilize their 
resources and those of the cooperating field test participants to work 
with the U.S. sub-contractors toward expeditious site preparation and 
installation of equipment. These same sub-contractors will also provide 
training and operations and maintenance support for the GOE site 
managers. In particular, the sub-contractors will work closely with 
field test participants on collecting and analyzing data so that the 
tasks described in Section 1II.D. Supporting Analyses can be carried out 
on a continuing basis. Indigenous goods and labor will be used wherever 
technically and financially feasible. 

The GOE project managers and their supporting offices and organizations 
with NASA aesistance will manage and conduct the Analyses, Training, and 
New Initiatives tasks as described in Section 111 - Sub-project Elements. 
A formal reporting and information and control system will be established 
in accordance with AID requirements, the evaluation plan, and NASA and 
QHREA needs. The system will summarize technical, managerial, and 
financial status, problems, and prospects compared to approved 
implementation and annual operating plans. In addition to the formal 
written system of reporting, a series of regular, formal meetings between 
USAID/Cairo, NASA and QHREA Project Managers will be scheduled. Finally, 
NASA and the GOE project managers will institute their own formal and 
informal means of maintaining a constant and open flow of communications 
once field site protocols have been finalized between QHREA and field 
site participants. (See Annex K for sample site protocol.). 

Contracting Procedures 

AID contracting procedures and regulations will be followed by NASA and 
the GOE when awarding contracts. Proper controls and assurance as 
required by the USAID Project Manager, GOE Project Manager and NASA will 
be implemented prior to issuance of contracts. These controls and 
assurances will be documented in the Implementation Plan. 

Negotiated procurements bill be conducted under competitive procedures to 
the extent practicable. Noncompetitive procurements will require formal 
and complete justification for selection. AID guidelines regarding 
contract preparation, the extent and clarity of request-for-proposal 
instructions, and source evaluations and selection processes will be 
followed with GOE collaboration throughout. When appropriate, the source 
evaluation and selection process will be conducted in accordance with 
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formal S a r c e  Evaluation b a r d  (SEB) p r o c d r e s .  The New Init iat ives 
w i l l  be host can t ry  contracts, which after  QHREA participation in 
i n i t i a l  f ie ld  tests ,  s h a l d  r ~ i r e  minimal U.S. technical assistance. 
After careful review by the Mission, in collaboration w i t h  QHREA, it was 
determined that an AID direct contract w a s  preferable to a host a n t r y  
contract in  the i n i t i a l  stages of project implementation. QHREA w i l l  
receive on-the-job training as stated above, so that they w i l l  be 
prepared to take on the contracting role for the New Initiatives. 

VII. FINANCIAL PLAN AND RESOURCE REQUIRDENTS 

The tota l  cost for the Renewable Energy Field Testing slb-project is 
estimated to be $28.5 million. The AID contriht ion totals  $24.1 
million, $4.8 of which w i l l  be in local arrency. The GOE contr iht ion 
is approximately $4.4 million Egyptian Fmnd eqivalent .  The sub-project 
w i l l  be incrementally funded; $4.0 million in FY 82 and $20.1 million in 
FY 83. ~t is anticipated that the slb-contracts for the f ield tes ts  w i l l  
be awarded &ring FY 83. Table VII-1 provides a s l m r y  of the cost 
estimates for each of the pro ject 's  elements. An m n t  of $220,000 is 
s e t u p  as a special l ine item in the project tudget to finance the 
external evaluations. Also shown is 10 percent contingency fund based on 
considerations of uncertainties and risks associated w i t h  a project of 
t h i s  type. Inflation is added a t  a nominal rate of 12% co-nded for 
U.S. as well as Egyptian costs. The detai l  costing for the f ie ld  tes t ,  
s lppr t ing  analyses, training, new init iat ives and project management 
elements of the slb-project, are shown in Annex E of t h i s  paper. 

A PASA w i l l  be negotiated w i t h  NASA, who w i l l  have project coordination 
responsibility including a l l  slbcontracting for f ield tests, training 
and s u p r t i n g  analyses. In addition, NASA w i l l  app ly  technical 
assistance as necessary to QHREA for the design and development of the 
New Initiatives. However, the New Initiatives w i l l  be contracted by 
QHREA under host aunt ry  contracts. A to ta l  of approximately $20 million 
w i l l  be p l t  into the PASA to fund the above-mentioned activi t ies,  except 
N e w  Initiatives. The overwhelming (92%) majority of those contracts w i l l  
be subcontracted to the U.S. private sector. 

Field tes ts  acaunt for the major portion of the Project's cost - an 
estimated $12.47 million, based on preliminary conceptual designs of each 
f ield tes t .  Fie ld  test cost estimates include engineering design, 
eqipment, testing in the U.S. ( i f  r q i r e d ) ,  shipping, training, marual 
development, installation, c h e c k a t ,  and operations and maintenance 
support for approximately tw years. (Costs for s i t e  surveys, 
preparation of specifications, preparation of technical packages for 
competitive r q e s t s  for proposals, proposal evaluation, etc. are 
included in Project Management costs.) Costs for each f i e l d  t es t  ( l ess  
the asslmed inflation and contingency rate) are documented in Annex B. 

GOE costs are based on estimates of work breakdown task reqirements for 
project implementation. In the  field tests,  e . g . ,  t h e  COE w i l l  share 
approximately 50 percent of t h e  installation costs and asslme primary 
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responsibil i ty for the f i e l d  t e s t  participant c o n t r i h t i o n s  to  
ins ta l la t ion ,  operation and maintenance of the systems. Field test 
management costs a r e  included in  GOE's c o n t r i h  t ion t o  Project 
Management. The GOE c o n t r i h t i o n s  w i l l  a lso cover in-kind slpport  i n  the 
form of sa la r ies ,  f a c i l i t i e s ,  training and log i s t i c  a p p o r t .  

Field test par t ic ipants  have agreed to  pay a portion of q i p m e n t  
improvement (other than the solar ecg ipment) , and tu i lding mdi f i ca t ion  
costs; however, a s  no resczlrce connnitment other than for i n s t a l l a t ion  and 
technical mni tor ing  a u l d  be made by those e n t i t i e s  before AID project 
approval, a l l  funds necessary for  these items have been included i n  t h e  
A I D  c o n t r i b  t ion s h  ld those c o n t r i h  t ions be delayed. The renewable 
energy technologies w i l l  be granted t o  t h e  participating en t i t i e s .  
QHREA, with NASA and slb-contractor assistance, w i l l  be responsible for  
t h e  a c c e s s a  1 performance of these systems u n t i l  t h e  end of t h e  
project.  Training w i l l  be provided, so tha t  par t ic ipants  w i l l  take over 
the operation and maintenance of these systems a f t e r  the project has 
ended. Back-up systems have been provided for where cont i rums system 
operation is essent ia l .  QHREA w i l l  be r e s p n s i b l e  for providing any 
additional assistance t o  the f i e l d  tests a f t e r  USAID part ic ipat ion has 
ended. 

The estimated slb-project costs  by year i n  t h s a n d s  of U.S. do l la rs  a r e  
slpplied i n  Table VII-2. 

AID costs  a r e  expected to  be in  U . S .  dol la rs  except for:  

o International t ravel  and per diem by consll tants;  

o meal ins ta l la t ion ,  on-the-job training and other costs 
associated with the f i e l d  t e s t s ;  

o Training ac t iv i t i e s :  local cos ts  for  consll tants,  mainly for  
seminars condcted i n  Egypt; and 

o S p p l y  of a locally-proared trailer-type f a c i l i t y  for t h e  Cold 
Storage f i e l d  tests. 

For GOE, a l l  financing w i l l  be in  local  a r r ency .  

I t  shmld be noted that  NASA Project Management cost  estimates a re  based 
on the asslmption of a U . S .  federal  agency accepting that  role,  where 
only costs  for d i rec t  labor, t ravel ,  and NASA w p r t  charges a r e  
obligated. In accordance wi th  FMM 9090, "Qlidelines Applicable to  
R e W r s a b l e  Agreements," Agency overhead and depreciation a r e  not 
included. If  a private contractor were selected for U . S .  Project 
Management functions, it is estimated tha t  U . S .  Project Management costs  
w l d  increase from $2.4 million t o  a k a t  $3.8  million. In a c h  case, 
the subpro jec t  w i l l  be amended t o  provide additional Project Elilnacjement 
fi nds . 
Note: ~ l l  f i q r e s  provided i n  t h e  narrative include contingency and 
in£ la t ion.  



TABLE V I I - 2  SlJmARY.DISBURSEtQNT SCtlL'JU, I ~ Y  FY 

8 2  FY 8 3  - FY 84 -- F1 85 8 6  ALL 

F X U :  2 - - EX U: - - T - - E 1  - W L C ~  - FX 11: f - FX - r AID 

1. F l e l d T e a t s  60 
11. S u p p o r t i n 8  Analyaca  935  
I l l .  T r a i n i n g  130 
I V .  Sev I n i t i a t i v c a  - 
V. P r o j e c t  b n a g a e n t  491 
V I  . Eva l u a  t i o n  - - 
- S u b t o t a l  1 , 6 1 6  - 
VII.  I n f l a t i o n  - 
VIII  .Contingency - 162 

S u b t o t a l  162 - 
TOTAL AID 1,778 - 

COE 

1. F l e l d  T e a t s  - - 
11. S u p p o r t i n 8  Analyaea  - 5 1  
111. T r a i n i n g  - 15 
I V .  Nev I n i t i a t i v e .  - - 
V.  P r o j e c t  H a w g e r e n c  - 158 
V l .  Eva lua t  ion  - - -- 

S u b t o t a l  - 224 -- 
VII.  I n f l a t i o n  - - 
V I I I  .Cont ingency - 22 -- 

S u b t o t a l  - 22 22 --- 
TOTAL coe - 246 2 -- 
TOTAL PROJECT d-- 1 778 711 . _2,489 --- 
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VIII. COVENANTS AND CONDITIONS 

A. Conditions Precedent to Disbursement 

First Disbursement 

Prior to any disbursement or to the issuance of any commitment documents 
under the Grant, the Cooperating Country shall, except as the parties may 
otherwise agree in writing, furnish to AID in form and substance 
satisfactory to AID: 

a. A statement of the names and titles of the persons who 
will act as the representatives of the Cooperating Country, 
together with a specimen signature of each person specified 
in such statement. 

b. Such other information and documentation as AID may 
reasonably request. 

2. Additional Disbursement 

Prior to any disbursement or to the issuance of any commitment documents 
under the Grant for the long-term technical assistance contractor, the 
Cooperating Country shall, except as the parties may otherwise agree in 
writing, furnish to AID in form and substance satisfactory to AID, the 
names of those persons who will be serving as Project and Assistant 
Project Managers for project implementation. 

B. Covenants 

1. The Cooperating Country shall establish the organizational 
and communication links necessary to coordinate project 
activities and to exchange information among the participating 
companies, universities, CARE and the concerned ministries. 

2. The Cooperating Country shall take appropriate action to 
establish and fund a mechanism by which QHREA may procure 
sufficient personnel for each year of project activities 
necessary for successful implementation of the project. 
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- M r .  M .  U:;ur y ,  A r ; s t .  S r s c r o t ; ~ r y  (;ovcrruncnt P l a n n i n g  

Red S e a  G o v c r r ~ u r a t  (, 



ANNEX B 

DETAILED DESCRIPTION OF PROPOSED FIELD TESTS 

UNIT CONVERSIONS 

Due t o  t h e  many t e c h n o l o g i e s  i n v o l v e d  i n  t h e  11 f i e l d  t e s t s  p r o p o s e d  h e r e i n ,  
t consistency was s i i cr i  f i c-t?c'l fo r  c l i l r  i t  y .  Each t c.c:hnol oqy h a s  i ts own 

u n i t  of  ~nc?.l!;uromorlt w)lic:ll f nc. i  1 i trrt  c b : ;  ( 1  itbc:u!~:i i c ~ ~ i ! ~  i r l n o r i c j  i r ~ t l i v i  d ~ l i i l s  f ' l r n i  I i t 3 =  

w i t h  t h e  f i e l d .  However, i f  t h e  rcadcr wishes  t o  c o n v e r t  u n i t s  t h e  f o l l o w i n g  
s h o u l d  b e  u s e f u l :  

1 g a l l o n  = 3.785 x 10 '~  m3 

1 t o n  = 9.07 x l o 2  k i l o g r a m s  ( k g )  

1 BTU = 2 . 9 3  x k i l o w a t t - h o u r s  (kw-hrs )  = 1055 j o u l e s  

1 Hp = 7.46 x 10-1 kw 

1 p s i  = 7 . 0 3  x l o e 2  kg/cm2 

1 m3(wa te r )  = 264 g a l  

BEST AVAIL ABLE COPY 
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Yb)J,nR PROCESS HEAT APPLICATIONS 

1.  S5LhR WATER HEATING FOR MILK PRODUCTS PLANT 

i. l iK'?RODUCTION 

Tile Misr Mi lk  Company p7c::jvrltly ( ) p ( t r a t eS  c i y h t  m i l k  p r o d u c t s  p l a n t s  i n  
~ ~ y p t ,  w i t h  l a r g e  o p e r a t  1 0 n s  i n  C a i r o ,  A l e x a n d r i a  a n d  Upper Egypt .  The C a i r o  
p l , i r , t  i s  t h e  1 a r g c . - t  co.  \;)any o p r h r a t i o n ,  p r o d u c i n g  m i l k ,  y o g u r t ,  c h e e s e ,  a n d  
i c e  cream. T I  r a i c - l l . r ~ ?  i f  j c a t i o n  of  t h e  C a i r o  p l a n t  a s  a  c a n d i d a t e  f o r  
a p p l i c a t i o n  o f  s o ? s r  i n d u s t r i a l  p r o c e s s  h e a t  t e c h n o l o g y  was made by t h e  
Q a t t a r a  Depressi.orr A u t h o r i t y .  

The p l a n t  u s e s  h o t  w a t e r  i n  i t s  O p e r a t i o n s  f o r  s a n i t a t i o n ,  p a s t e u r i z i n g ,  
and  as p r o c e s s  w a t e r  f o r  m ix ing  w i t h  powdered m i l k  ( r e h y d r a t i o n )  and  

y o g u r t .  'In a d d i t i o n ,  a n  i n c u b a t o r  room f o r  y o g u r t  p r e p a r a t i o n  
r e q u i r e s  r e l a t i v e l y  low g r a d e  t h e r m a l  e n e r g y  t o  m a i n t a i n  a  t e m p e r a t u r e  of 
3 .2 -450~.  ~ h u s ,  t h e  p l a n t  c u r r e n t l y  u s e s  s i g n i f i c a n t  amounts  o f  t h e r m a l  
2nPrgy i n  no rma l  o p e r a t i o n s ,  85 p e r c e n t  of  which i s  p r o v i d e d  by steam 
g e n ? r a t e d  i n  b o i l e r s  f u e l e d  by Bunker C (No. 6 )  f u e l  o i l .  I n  a d d i t i o n ,  NO. 2 
f u t ? l  o i l  1s used  i n  s m a l l ,  p r e s s u r i z e d  w a t e r  c l e a n i n g  u n i t s  t o  h e a t  t h e  
c l e a n i n g  w a t e r  t o  a p p r o x i m a t e l y  70°c. 

The M i s r  M i l k  Co. i n  C a i r o  was v i s i t e d  t o  d i s c u s s  w i t h  p l a n t  management 
2 n d  p l a n t  c r ~ ~ i n c e r i n q  pr!r:;r)nnrl the p o s s i b i l i t y  of a  f i e l d  tes t  f o r  so la r  
w a t e r  hcat. i  rig. Duri ncj l Ilcb !;ccontl v l  s i t  ;A t o u r  of t h e  p l a n t  was made 
accompanied by t h e  Ch ie f  Enqincer  of t h e  p l a n t .  The p r o c e s s  h e a t  
a p p l i c a t i o n s  which c o u l d  u t i l i z e  S o l a r  I n d u s t r i a l  P r o c e s s  Hea t  ( S I P H )  
t e c h n o l o g y  we re  i d e n t i f i e d  d u r i n g  t h e s e  v i s i t s  a n d  are p r e s e n t e d  i n  T a b l e  1. 
I n  some c a s e s ,  such  a s  i n  s y s t e m s  where s t e a m  i n j e c t i o n  i s  now u s e d ,  
c o n v e r s i o n  of  p r o c e s s  h e a t  r e q u i r e m e n t s  t o  u s e  o f  s o l a r  h e a t e d  w a t e r  would 
r e q u i r e  s i g n i f i c a n t  m o d i f i c a t i o n  o r  r e p l a c e m e n t  o f  e x i s t i n g  equipment .  ~ l s o ,  
a r c o r d i n g  t o  p l a n t  p e r s o n n e l  some o p e r a t i o n a l  a s p e c t s  of  s t e a m  u s a g e  are 
deemed t o  b e  p r e f e r a b l e  t o  t h e  u s e  o f  h o t  water. 

1-1 a m z e t i n g  w i t h  t h e  Chairman of Misr Milk Co. it was r e v e a l e d  t h a t  t h e  
company h a d  p r e v i o u s l y  i n s t a l l e d  s o l a r  h o t  w a t e r  h e a t i n g  s y s t e m s  f o r  t h r e e  o f  
t h e i r  m i l k  c o l l e c t i o n  c e n t e r s .  These  sy s t ems  we re  t o  p r o d u c e  h o t  water f o r  
c l e a n i n g ,  which r e q u i r e s  w a t e r  t h a t  is a t  l e a s t  70°C. Acco rd ing  t o  t h e  
Chairman,  t h e  d e s i g n  of t h e s e  Egypt ian-manufac tured  sy s t ems  was a p p a r e n t l y  
i n a d e q u a t e  t o  meet the e n e r g y  requirements i n  t h e  m i l k  c o l l e c t i o n  c e n t e r s .  
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Summary D e s c r i p t i o n  

AS i n d i c a t e d  i n  T a b l e  1, s e v e r a l  p o t e n t i a l  a p p l i c a t i o n s  o f  SIPH t e c h n o l o g y  
e x i s t  a t  t h e  C a i r o  p l a n t .  Two l i m i t a t i o n s ,  r e l a t e d  t o  t h e  r a t e  of  e n e r g y  
consumpt ion  i n  t h e  v a r i o u s  p r o c e s s e s ,  s e r v e  t o  l i m i t  t h e s e  a p p l i c a t i o n s .  
F i r s t ,  t h e  t e m p e r a t u r e  a t  which t h e  p r o c e s s  h e a t  is  needed  w i l l  c o n s t r a i n  t h e  
l lsc  of s o l a r  e n c r g y  f Torn f 1  ;+t-pl  ate c o l  1 ec:torfi (cr)rnmr)nly I I S C ~  f o r  WiltCr 
h e a t i n g  ) . S e c o n d l y ,  t l l c .  l lf :at  trallr;f  frr r : o c a f  f i ( : i c r ~ t  f o r  cor,tlt.nsing stf?arrl is 

h i g h e r  t h a n  t h a t  f o r  h o t  w a t e r  o f  a  lower  t e m p e r a t u r e ,  n e c e s s i t a t i n g  a  
l a r g e r  h e a t  e x c h a n g e r  f o r  u s e  o f  h o t  w a t e r  (more h e a t  t r a n s f e r  s u r f a c e  a r e a ) .  
These  c o n s t r a i n t s  were u s e d  t o  r a n k  t h e  p r o c e s s  h e a t  r e q u i r e m e n t s  l i s t e d  i n  
T a b l e  1 i n  o r d e r  o f  s u i t a b i l i t y  f o r  a p p l i c a t i o n  o f  s o l a r - h e a t e d  w a t e r .  

(1) . y o g u r t  I n c u b a t i o n  - T h i s  h e a t  r e q u i r e m e n t  i s  r e l a t i v e l y  l o w  
t e m p e r a t u r e  (60-80°C) and  a  r e c i r c u l a , t i n g  h o t  w a t e r  s y s t e m  c a n  b e  u s e d  i n  
c o n j u n c t i o n  w i t h  a  f a n  c o i l  f o r  h e a t i n g  t h e  a i r  i n  t h e  i n c u b a t o r  room t o  
m a i n t a i n  t h e  d e s i r e d  t e m p e r a t u r e s .  T h i s  SIPH s y s t e m  c a n  be  u s e d  t o  d i s p l a c e  
e l e c t r i c i t y ,  a  h i g h  g r a d e  e n e r g y  s o u r c e ,  which i s  c u r r e n t l y  b e i n g  u s e d  t o  h e a t  

t h e  room. 

( 2 )  p l a n t  C l e a n i n g  - T h i s  h e a t  r e q u i r e m e n t  i s  a l s o  r e l a t i v e l y  low 
t e m p e r a t u r e  (70-80°c) and  u s e  o f  s o l a r - h e a t e d  w a t e r  f o r  c l e a n i n g  c o u l d  
d i s p l a c e  e s s e n t i a l l y  a l l  o f  t h e  No. 2 f u e l  o i l  r e q u i r e d  a t  t h e  p l a n t .  

( 3 )  Milk P a s t e u r i z a t i o n  - The t e m p e r a t u r e  a t t a i n e d  i n  p a s t e u r i z a t i o n  i s  
c r i t i c a l  f rom a  p r o d u c t  q u a l i t y  s t a n d p o i n t .  The t e m p e r a t u r e  o f  t h e  m i l k  must  
r e a c h  70-90°cr s o  t h e  w a t e r  t e m p e r a t u r e  must  be a t  l e a s t  80°c. I n  
a d d i t i o n ,  t h e  t e m p e r a t u r e  d i f f e r e n c e  between e n t e r i n g  and  e x i s t i n g  h o t  w a t e r  
i n  t h e  p a s t e u r i z i n g  h e a t  exchange r  i s  r e l a t i v e l y  s m a l l ,  r e q u i r i n g  t h e  s o l a r  
h e a t i n g  s y s t e m  t o  m a i n t a i n  h i g h  Water t e m p e r a t u r e s  t h r o u g h o u t  t h e  s y s t e m ,  
r e s u l t i n g  i n  h i g h  h e a t  l o s s  t o  t h e  env i ronmen t  and low e f f i c i e n c i e s  o f  s o l a r  
c o l l e c t o r  o p e r a t i o n .  

( 4 )  ~ i s c e l l a n e o u s  - Uses o f  s t e a m  i n  e x i s t i n g  equ ipmen t ,  p a r t i c u l a r l y  
where it i s  d e s i r a b l e  t o  have  h i g h  h e a t  t r a n s f e r  r a t e s  a s s o c i a t e d  w i t h  stem, 
a r e  n o t  c o m p a t i b l e  w i t h  s u b s t i t u t i o n  o f  h o t  w a t e r .  T h e r e f o r e ,  d u e  t o  t h e  need  
t o  e i t h e r  p r o d u c e  s t e am f rom a s o l a r  Syfitem o r  t o  r e p l a c e  e x i s t i n g  equ ipmen t ,  
t h e s e  p r o c e s s  h e a t  n e e d s  a r e  r anked  a s  lowest.  p r i o r i t y  f o r  SIP11 a p p l i c a t i o n .  

Based on t h e  above  p r i o r i t y  r a n k i n g ,  t h e  F i e l d  T e s t  w i l l  i n s t a l l  a  
f l a t - p l a t e ,  s o l a r  Water h e a t i n g ,  s t o r a g e  d e l i v e r y  and  c o n t r o l  s y s t e m  which 
w i l l  p r o v i d e  h e a t  i n  t h e  y o g u r t  i n c u b a t o r  room and  h o t  w a t e r  f o r  u s e  i n  
c l e a n i n g  t h e  p l a n t  a n d  equipment  i n  t h e  C a i r o  p l a n t  o f  t h e  Mis r  Mi lk  Company. 

1 .2  APPLICATION DESCRIPTION 

O b j e c t i v e  

AS i n  many i n d u s t r i a l  f o o d  p r o c e s s i n g  a p p l i c a t i o n s ,  s o l a r  w a t e r  h e a t i n g  a t  
t h e  M i s r  Milk p l a n t  w i l l  d e m o n s t r a t e  t h e  economic u s e  of  s o l a r  e n e r g y  t o  
s u p p l a n t  non-renewable f u e l s  o r  u t i l i t y - s u p p l i e d  e l e c t r i c i t y  i n  h e a t i n g  



R e q u i r e d  C u r r e n t  Normal .  Approx .  d a i l y  
D e s c r i p t i o n  ' t e m p e r a t u r e  E n e r g y  S o u r c e  O p e r a t i o n  Energy  r e q u i r e c e n t  

1 .  P l a n t  c l e a n i ' n  : W a t e r  i s  40 c l e a n  a n d  1 5 8 - 1 7 6 ' ~  h e a t i n g  u n i t s ,  d a y  ( i n t e r -  on  200 k g l d a y  No.2 
! t o b i l e  w a t e r  -. 1 6  u n i t  h r s /  

i lcatcd. a n  
6 . 3 ~ 1 0 ~  BTU ( b a s e d  

r i n s e  e q u i p m e n t  a n d  f a c i l i t i e s  ( 7 0 - 8 0 ° c )  d i r e c t  f i r e d  by  m i t t a n t  u s a g e  f u e l  o i l ,  7 5 t  
No. 2  f u e l  o i l -  d i v i d e d  among w a t e r  h e a t e r  

m u l t i p l e  u n i t s )  e f f i c i e n c y  

2 .  P l i l k  p a s t e u r i z a t i o n :  M i l k  i s  1 7 6 - 2 1 0 ~ F  42 p s i g  (3kg/cmL)  20-24  h r s / d a y  24x10' BTU ( b a s e d  
h e a t e d  t o  70-90°C: 3 u n i t s  a r e  , s t c a r n  on  SO0 t o n s / d a y  
u s e d ,  two u s i n g  42 p a i g  (3bg/cmL)  8 0 ' ~  h o t  w a t e r  m i l k  P a s t e u r i z e d ,  
s t e a m ,  o n e  u s i n g  1 7 6  F (80  C )  ( 8 0 -  1 0 o O c )  801 r e g e n e r a t i o n  
h o t  w a t e r  r a t e  i n  p a s t e u r i z e  , 

I 
4 

3. Y o g u r t  i n c u b a t i o n :  i n c g b a t o g  1 4 0 - 1 7 6 ' ~  E l e c t r i c i t y  2 0 - 2 4  h r s / d a y  1 x 1 0 ~  BTU ( e s t . )  
room i a  m a i n t a i n e d  a t  1 0 8  - 1 1 3  F  
( 4 2 - 4 5  C )  ( 6 0 -  8 0 ' ~ )  

4 .  b t i s c e l l a n e o u s :  
- S t e a m  d i s t r i b u t i o n  l o s s e s  1 7 6 - 2 5 0 ' ~  P l a n t  s t e a m  I n t e r m i t t e n t  8 . 0 ~ 1 0 ~  BTU ( e t t .  

( 8 0 -  l 2 o 0 c )  a s  r e m a i n d e r  o f  - S t e a m  i n j e c t i o n  f o r  y o g u r t  s t e a m  g e n e r a t e d  
p r e p a r a t i o n  & h e a t i n g  o f  on .use  o f  2200 l b s  
ice  c r e a m  m i x t u r e  N o .  6  o i l / d a y )  

- S t e a m  j a c k e t e d  v e s s e l  f o r  
c h c c s e  b r e p a r a t i o n  

- W a t e r  h e a t i n g  u s i n g  s t c a m /  
w a t e r  m i x i n g  

T a h l c  1. ' I n d u s t r i a l  P r o c e s s  l l e a t  R e q u i r e m e n t s .  PiISR M i l k  C o . ,  Cai'r 'o 
I 



B- 5  
p r o c e s s  w a t e r  t o  t e m p e r a t u r e s  be low 1 0 0 ~ ~ .  S a n i t a t i o n  i n  a  f o o d  p r o c e s s i n g  
p l a n t  i s  c r i t i c a l  a n d  s t r i c t l y  e n f o r c e d  by government  a g e n c i e s ,  a s  i s  t h e  c a s e  
a t  t h e  M i s r  Mi lk  Co. T h u s ,  a  s u c c e s s f u l  d e m o n s t r a t i o n  o f  SIPH t e c h n o l o g y  t o  
p r o v i d e  h o t  w a t e r  f o r  p l a n t  c l e a n - u p  c o u l d  a s s i s t  t h e  p l a n t  i n  a t t a i n i n g  
r e q u i r e d  s a n i t a t i o n  s t a n d a r d s ,  a n d  c o u l d  b e  r e p l i c a t e d  i n  a l m o s t  a n y  f o o d  
p r o c e s s i n g  o p e r a t i o n .  s i n c e ,  a t  p r e s e n t ,  f o o d  p r o c e s s i n g  r e p r e s e n t s  
a p p r o x i m a t e l y  30 p e r c e n t  of  t h e  i n d u s t r y  i n  E g y p t ,  t h e  p o t e n t i a l  f o r  
w i d e s p r e a d  a d o p t i o n  o f  t h e  p r o p o s e d  SIPH t e c h n o l o g y  i s  g r e a t .  The u s e  o f  
s o l a r  h e a t e d  w a t e r  f o r  e n v i r o m e n t a l  c o n t r o l  i n  t h e  y o g u r t  i n c u b a t o r  room of  
t h e  p l a n t  w i l l  e s t a b l i s h  t h e  f e a s i b i l i t y  o f  s o l a r  e n e r g y  f o r  s p a c e  h e a t i n g .  
T h i s  a p p l i c a t i o n  c a n  e a s i l y  b e  i n t e r f a c e d  w i t h  t h e  s y s t e m  f o r  h e a t i n g  w a t e r  
f o r  p l a n t  c l e a n - u p .  Thus ,  t h e  v e r s a t i l i t y  o f  a  c e n t r a l  s o l a r  w a t e r  h e a t i n g  
s y s t e m  f o r  m u l t i p l e  u s e s  w i l l  b e  d e m o n s t r a t e d .  

C o n c e p t  D e s c r i p t i o n  

The p r o p o s e d  F i e l d  T e s t  w i l l  c o n s i s t  o f  t h e  f o l l o w i n g  components :  

(1) ~ l a t - p l a t e  s o l a r  c o l l e c t o r  a r r a y ;  

( 2 )  H o t  w a t e r  s t o r a g e  t a n k ;  

( 3 )  R e c i r c u l a t i n g  Water  pllmp a n d  a s o o c i a t c t d  p i p i n g ;  

( 4 )  C o n t r o l  i n s t r u m e n t a t i o n ;  

( 5 )  c e n t r a l  h o t  w a t e r  pumping s t a t i o n  w i t h  back-up s t e a m  h e a t i n g  s y s t e m  
t o  d e l i v e r  h o t  w a t e r  t o  h o s e  s t a t i o n s  i n s t a l l e d  a r o u n d  t h e  p l a n t  ( w i t h  w a t e r  

p i p i n g ) ;  a n d  

( 6 )  P e r f o r m a n c e  m o n i t o r i n g  i n s t r u m e n t a t i o n .  

The c o n c e p t u a l  d e s i g n  i s  p r e s e n t e d  i n  F i g u r e  1. T h i s  s y s t e m  w i l l  a l l o w  
ccmmon s t o r a g e  f r o m  which t o  s u p p l y  h o t  w a t e r  f o r  b o t h  a p p l i c a t i o n s  i n  t h e  
p l a n t ,  c l e a n - u p  a n d  h e a t i n g  o f  t h e  i n c u b a t o r  room. 

S i t i n a  I n f o r m a t i o n  

The p l a n t  s i t e  i s  l o c a t e d  i n  a n  i n d u s t r i a l  a r e a  o f  C a i r o  a n d  t h e r e  i s  
l i t t l e  l a n d  owned by t h e  p l a n t  w h i c h  i s  n o t  p r e s e n t l y  i n  u s e  or which  i s  n o t  
t h e  s i t e  o f  new b u i l d i n g  c o n s t r u c t i o n .  F o r  t h i s  r e a s o n ,  t h e  s o l a r  c o l l e c t o r  
a r r a y  may h a v e  t o  b e  roof-mounted.  The p l a n t  v i s i t  showed t h a t  t h e r e  i s  n o  
s i n g l e  r o o f  s p a n  which c o u l d  p r o v i d e  t h e  s p a c e  n e e d e d  f o r  t h e  e s t i m a t e d  
c o l l e c t o r  a r e a  o f  1 5 , 0 0 0  f t 2 .  However, t h e  p o s s i b i l i t y  o f  u s i n g  s e v e r a l  
s e p a r a t e  r o o f  a r e a s  e x i s t s  which  may b e  the o n l y  v i a b l e  c o n c e p t  f o r  s i t i n g  t h e  
c o l l e c t o r  a r r a y .  The r o o f  a r e a s  which  were i n s p e c t e d  a r e  r e i n f o r c e d  c o n c r e t e  
a n d  a p p e a r  s u i t a b l e  f o r  the a n t i c i p a t e d  l o a d i n g  o f  a  f l a t - p l a t e  collector 
a r r a y  w i t h  mount ing  s t r u c t u r e s .  The s o l a r  a c c e s s  t o  t h e  roof a r e a s  is 
e s s e n t i a l l y  u n o b s t r u c t e d  a n d  o r i e n t a t i o n  i s  n o t  a  p rob lem.  TWO new b u i l d i n g s  
a r e  p r e s e n t l y  u n d e r  c o n s t r u c t i o n  w h i c h  may p r o v i d e  a d d i t i o n a l  o p t i o n s  f o r  
s i tes t o  i n s t a l l  roof-mounted c o l l e c t o r s .  



Hot Ma t e r  Hose S t a t i b n s  
For P l an t  Cleaning 
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Figure  1 .  Proposed So l a r  Water Heating S y s t ~ m  
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The s i te  h a s  a c c e s s  t o  major highways and major c o n s t r u c t i o n  i s  ongoing,  

i n d i c a t i n g  no problem w i t h  s i t e  a c c e s s .  The s i t e  is  s e r v e d  by major 
u t i l i t i e s ,  i n c l u d i n g  e l e c t r i c ,  wa te r  and sewer. 

System ~ e c h n i c a l  Data and Design S p e c i f i c a t i o n s  

A t o t a l  the rmal  ene rgy  requirement  of  7.3 x l o 6  Btu/day i s  d e r i v e d  from 
t h e  e s t i m a t e s  p r e s e n t e d  i n  Table  1. I t  i s  e s t i m a t e d  t h a t  t h e  f l a t - p l a t e  
c o l l e c t o r  a r e a  r e q u i r e d  t o  Inczct t h j  r; demand i s  approx imate ly  15,000 f t 2 .  
The c o l l e c t o r s  a r e  proposed t o  he s i n g l e - g l a z e d ,  f l n t - p l a t e  c o l l e c t o r s ,  w i t h  a  
s e l e c t i v e  c o a t i n g  on t h e  absorbe r  s u r f a c e .  C o l l e c t o r  e f f i c i e n c i e s  i n  ~~~t 

a r e  expec ted  t o  remain r e l a t i v e l y  h igh (approx imate ly  40 p e r c e n t  depending on 
t h e  c o l l e c t o r  pe r fo rmance)  due t o  t h e  h igh  ambient  t empera tu res .  NO f r e e z e  
p r o t e c t i o n  w i l l  be necessa ry  a t  t h e  C a i r o  s i t e ,  b u t  a purge  sys tem t o  
d i s s i p a t e  c o l l e c t e d  ene rgy  when it is no t  needed w i l l  be n e c e s s a r y .  The 
sequence o f  o p e r a t i o n  w i l l  be t o  i n i t i a l l y  f i l l  t h e  wa te r  t a n k  f o r  clean-up,  
u s i n g  ' a  l e v e l - c o n t r o l l e d  v a l v e  t o  au tOmat ica i ly  add wa te r  t o  m a i n t a i n  t h e  
volume i n  t h e ,  t a n k .  Depending on t h e .  schedu le  o f  p l a n t  c lean-up o p e r a t i o n s ,  
t h e  makeup water  v a l v e  may be i n t e r l o c k e d  w i t h  t h e  pump r e c i r c u l a t i n g  water  
through t h e  c o l l e c t o r s  t o  avo id  adding unheated  water  t o  t h e  t a n k  d u r i n g  n i g h t  
hours .  The water  from t h e  t a n k  w i l l  be  r e c i r c u l a t e d  through t h e  c o l l e c t o r s  
and back t o  t h e  t a n k ,  wi th  pump c o n t r o l  e f f e c t e d  by a  d i f f e r e n t i a l  t empera tu re  
c o n t r o l l e r ,  measur ing t empera tu re  of  t h e  s t o r e d  h o t  w a t e r  and t h e  c o l l e c t o r  
a r r a y  absorbe r  s u r f a c e .  Hot water  w i l l  be pumped from t h e  s t o r a g e  t a n k  on 
demand wi th  a  s team h e a t e r  i n s t a l l e d  i n  t h e  water  supply  l i n e  f o r  adding 
a d d i t i o n a l  h e a t  when needed. The p l a n t  p r e s e n t l y  h a s  two water  s t o r a g e  t a n k s ,  
each wi th  approx imate ly  a  24,000 g a l l o n  c a p a c i t y .  One o f  t h e s e  may be used a s  
t h e  h o t  water  s t o r a g e  t ank .  

The ~ r o p o s e d  s o l a r  h o t  water  h e a t i n g  System i s  one of s t r a i g h t f o r w a r d  
des ign .  s t a n d a r d ,  commercially a v a i l a b l e  components can be used  w i t h  no 
s p e c i a l  p r o v i s i o n s .  One a s p e c t  of  maintenance i n  t h e  C a i r o  a r e a  i s  c l e a n i n g  
t h e  g l a z i n g  of s o l a r  c o l l e c t o r s  r e g u l a r l y ,  s i n c e  t h e  a r e a  i s  very  dus ty .  
C o n s i d e r a t i o n  w i l l  b e  g iven t o  i n c l u e i o n  of a n  au tomat i c  washing system f o r  
t h e  c o l l e c t o r  g laz ing .  

The a c t u a l  d e t a i l e d  des ign  pa ramete r s  w i l l  have t o  be  e s t a b l i s h e d  based a  
su rvey  o f  p l a n t  o p e r a t i o n s  d u r i n g  which p rocess  h e a t  r equ i rement s  ( i , e ,  ho t  
wa te r  consumption d u r i n g  c lean-up)  a r e  measured. D e t a i l s  f o r  roof-mounting o r  
ground-mounting o f  the c o l l e c t o r  a r r a y s  must a l s o  be f i n a l i z e d .  F i n a l l y ,  a  
de te rmina t ion  o f  t h e  r e q u i r e d  h o t  Water S to rage  c a p a c i t y  must be made, and t h e  
s u i t a b i l i t y  o f  u s i n g  e x i s t i n g  water  s t o r a g e  t a n k s  e s t a b l i s h e d .  

~ n s t a l l a t i o n  of t h e  c o l l e c t o r  a r r a y  w i l l  be under the guidance  of t h e  
manufacturer .  The remainder of t h e  equipment i n s t a l l a t i o n  w i l l  be completed 
by a  ~ l u m b i n g  and e l e c t r i c a l  c o n t r a c t o r .  Upon completion of  t h e  i n s t a l l a t i o n ,  
a performance t e s t  of v a r i o u s  components and t h e  sys tem a s  a whole w i l l  be  a  
r equ i rement  f o r  sys tem acceptance .  
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~ o n i t o r i n q  and Eva lua t inq  Data Requirements 

;incc, t11c.  1,rimary 1)11111c,:;c. of t t lc  Yicld  Tes t  i s  t o  e s t a b l i s h  t h e  v i a b i l i t y  
, .. 511111 t t . c l ~ r i o l  ocjy J 11 , I  W < I  t c r  l l c ' t l t  l r l ( . l  a p p l i  c a t i o n ,  ad(?c~uatc  o p e r a t i o n a l  clccta 
Ir.jst be c o l l e c t e d  t o  a l low r c l i a b l c  performance e v a l u a t i o n .  A s  a  minimum, t h e  
data c o l l e c t e d  shou ld  inclucic: 

(1) S i t e  i n s o l a t i o n ,  ambient t empera tu re  d a t a ;  

( 2 )  Temperatures a t  v a r i o u s  p o i n t s  i n  t h e  system; 

( 3 )  A u x i l i a r y  stearn alided; 

( 4 )  Time d u r i n g  which energy i s  being s u p p l i e d  from t h e  system; 

( 5 )  C o l l e c t o r  e f f i c i e n c y ;  and 

( 6 )  System e f f i c i e n c y .  

1.3 IMPLEMENTATION REQUIREMENTS 

O r g a n i z a t i o n a l  Elements and R e s p o n s i b i l i t i e s  

The Misr Milk Company P l a n t  i n  C a i r o  h a s  a q u a l i f i e d  eng ineer  and s t a f f  
which o p e r a t e  and m a i n t a i n  f o u r  b o i l e r s ,  a  l a r g e  r e f r i g e r a t i o n  p l a n t ,  and 
e x t e n s i v e  p roduc t ion  equipment which i n c o r p o r a t e s  pumps, h e a t  exchangers ,  and 
o t h e r  e l e c t r i c  and mechanical  equipment. The company h a s  i n s t a l l e d  s o l a r  h o t  
water  systems i n  o t h e r  l o c a t i o n s ,  though t h e s e  have n o t  p e r f  armed 
s a t i s f a c t o r i l y .  For t h i s  f i e l d  t e s t  i t  is  recommended t h a t  t h e  proposed s o l a r  
equipment be des igned and i n s t a l l e d  by U.S. c o n t r a c t o r s ,  w i t h  acceptance  
t e s t i n g  a s  p a r t  of  t h e  i n s t a l l a t i o n  c o n t r a c t .  The proposed s o l a r  energy 
system i s  r e l a t i v e l y  s imple  and u s e s  equipment which i s  f a m i l i a r  t o  t h e  p l a n t  
e n g i n e e r i n g  pe r sonne l .  T r a i n i n g  o f  p l a n t  pe r sonne l  i n  t h e  system o p e r a t i o n  i s  
a n e c e s s i t y ,  and t e c h n i c a l  a s s i s t a n c e  i n  o p e r a t i o n  shou ld  be provided f o r  a t  
1 e a s t  one yea r .  

A comprehensive moni to r ing  program t o  c o n t i n u a l l y  e v a l u a t e  t h e  F i e l d  T e s t  
performance w i l l  be r e q u i r e d  over  a p e r i o d  of a t  l e a s t  two y e a r s  a f t e r  
equipment s t a r t - u p .  The Government of  Egypt w i l l  assume t h e  primary r o l e ,  
e i t h e r  i n  performance moni to r ing  O r  a s  t h e  P r o j e c t  Engineer f o r  t h e  F i e l d  
T e s t .  The sys tem o p e r a t i n g  personnel  employed by Misr Milk co. w i l l  be 
cons ide red  a s  t h e  pr imary p r o j e c t  p a r t i c i p a n t s  a f t e r  t h e  sys tem i s  p u t  i n t o  
s e r v i c e .  The v i a b i l i t y  o f  t h e  F i e l d  T e s t  depends on t h e  s u c c e s s f u l  o p e r a t i o n  
of  t h e  equipment and t h e  cognizance of system performance by t h e s e  o p e r a t i o n a l  
pe r sonne l .  A r e p o r t i n g  procedure  (e.g. ,  o p e r a t i o n  l o g )  w i l l  be implemented 
f o r  p l a n t  pe r sonne l  t o  g i v e  feedback t o  t h e  P r o j e c t  Engineer. 

Schedule 

A schedule  and recommended o r g a n i z a t i o n a l  s t r u c t u r e  i n  shown i n  F igure  2. 

BEST AVAILABLE COPY 
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FIELD TEST TINE FOR PARTICIPATION (MONTIIS) 
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1 . 4  FIELD TEST COST ESTIMATE 

D e s i  TI a n d  Enq  I r1c.c.r I rlc] 

Equ lplllcbnl 

S h l  pp1 rly 

M a n u a l  D e v e l o p r n c n t  
Installation a n d  Cor~:,:r\ic-t ion 

C h e c k - o u t  a n d  S t a r t - u p  ( 3  rnont h r ; )  

O p e r d t l o n s  a n d  Ma I n t e n a n c e  S u p p o r t  ( 2  y c a l - s  ) 

TOTAL 
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2. SOLAR-ASSISTED FRUIT DEHYDRATION 

2.1 INTRODUCTION 

The A g r i c u l t u r a l  Product ion A u t h o r i t y  o p e r a t e s  numerous commercial and 
exper imenta l  farms throughout  Egypt. I n  Giza ,  a d j a c e n t  t o  t h e  C a i r o  
U n i v e r s i t y  campus, t h e  Author i ty  h a s  f a c i l i t i e s  f o r  c l e a n i n g ,  d i s i n f e c t i n g ,  
d r y i n g  and packaging a v a r i e t y  of  f r u i t s  and vege tab les .  

An i n i t i a l  concept  proposed f o r  u t i l i z a t i o n  of  s o l a r  energy was a r e t r o f i t  
system t o  h e a t  a i r  f o r  a n  e x i s t i n g  batch d rye r .  Th i s  concept  was d i sca rded  
because of t h e  c o n d i t i o n  and des ign  of t h e  e x i s t i n g  system. The u n i t  h a s  been 
opera ted  f o r  over  f i f t y  yea r s .  I t  u s e s  a heavy-oi l  burner  t o  h e a t  a i r  which 
i s  s e n t  s i n g l e - p a s s  through t r a y s  of  raw f r u i t s .  There i s  n o  c o n t r o l  on 
e i t h e r  o p e r a t i n g  temperature  o r  . a i r  flow. The system can p r o v i d e  both  
under-dried p r o d h c t s  and burned p r o d u c t s  a t  t h e  same t ime.  

A renewable energy demonstra t ion program w i l l  p rov ide  bo th  t h e  s o l a r  
energy sys tem and t h e  b a s i c  f r u i t  d rye r .  Commitment from t h e  Author i ty  i s  
shown by t h e i r  w i l l i n g n e s s  t o  p rov ide  m o d i f i c a t i o n s  a s  r e q u i r e d  t o  e x i s t i n g  
s t r u c t u r e s  t o  accommodate t h e  demonetra t ion system. 

~ l t h o u g h  t h i s  p a r t i c u l a r  sys tem a s  conf igured may n o t  have g r e a t  p o t e n t i a l  
f o r  r e p l i c a t i o n  t h e  o b j e c t i v e  of t h i s  a p p l i c a t i o n  i s  t o  demonstra te  a system 
i n  t h e  a g r i c u l t u r e  a r e a  c l o s e  t o  Ca i ro  where a success  w i l l  s e r v e  t o  
popu la r i ze  t h e  u t i l i z a t i o n  of s o l a r  technology.  Th i s  i s  of  s i g n i f i c a n c e  due 
t o  t h e  tremendous o p p o r t u n i t i e s  f o r  a g r i c u l t u r a l  d r y i n g  a p p l i c a t i o n s  
throughout  Egypt 

2.2 APPLICATION DESCRIPTION 

The proposed system w i l l  i n c o r p o r a t e  a d r y e r  of conven t iona l  design 
capable of p r o c e s s i n g  10 tons/day of f r u i t s  i n t o  approximately 1.5 tons/day of 
d r i e d  p roduc t .  The p r i n c i p a l  p roduc t  w i l l  be  d a t e s ;  however, a  v a r i e t y  of 
f r u i t s  and v e g e t a b l e s  may be p rocessed  a s  seasona l  h a r v e s t i n g  d i c t a t e s .  The 
system i s  i l l u s t r a t e d  i n  F igure  1. Trucks of loaded p roduc t  t r a y s  e n t e r  one 
end of t h e  d r y e r  and t h e  System i s  c l o s e d  and operated.  A s  each  t r u c k ' s  load  
i s  completed d r y i n g ,  t h e  t r u c k  i s  removed from t h e  f a r  end o f  t h e  t u n n e l ,  and 
a new one may be  i n s e r t e d  a t  t h e  beginning. Thus, t h e  d r y e r  p r e s e n t s  a 
semi-continuous p rocess ing  l i n e  wi th  a c a p a b i l i t y  of  both  long r e s i d e n c e  t ime  
and v a r i a t i o n  of r e s idence  t ime wi th  changes i n  product type .  

S i z i n g  o f  t h e  t u n n e l  d rye r  i s  dependent on both t h e  d e s i r e d  p roduc t ion  
r a t e  and t h e  t y p e  of product.  ' D i f f e r e n t  f r u i t s  and v e g e t a b l e s  w i l l  have 
d i f f e r e n t  requirements  f o r  t r a y  depth ,  d ry ing  temperature  and r e s i d e n c e  t i m e .  
Based on  p r e l i m i n a r y  informat ion,  a 50 f t  long tunne l  d r y e r  s h o u l d  meet t h e  
requ i rements  of  t h e  Giza f a c i l i t y .  
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.rlie f r u l t  i s  d r i e d  b y  h o t  a i r  r e c i r c u l a t e d  t h r o u g h  t h e  t r u c k  t r a y s .  In 

~~) ;n r rhe rc i a l ly  a v a i l a b l e  d r y e r s ,  t h e  a i r  may b e  h e a t e d  e i t h e r  w i t h  s t e a m  c o i l s  
01 c l e a n  f l u e  g a s e s .  A p o r t i o n  o f  t h e  a i r  i s  r e p l a c e d  c o n t i n u o u s l y  i n  o r d e r  
t o  p r o v i d e  a d e q u a t e  m o i s t u r e  e x h a u s t .  C o n v e n t i o n a l  d e s i g n  i n c l u d e s  a n  e x h a u s t  
t r : : ~  s o  t h a t  t h e  s y s t e m  o p e r a t e s  a t  a  n e g a t i v e  p r e s s u r e .  Dampers a r e  manual ly  
, - j u s t e d  t o  c o n t r o l  a i r  exctlanger r a t e s .  



Truck f o r  
f r u i t  t r a y s  

F igure  1.  SOLAR ASSISTED FRUIT DRYER 
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The p roposed  u s e  o f  S o l a r  ene rgy  i s  t o  p r o v i d e  p r e h e a t i n g  of  t h e  makeup 

a i l  t o  t h e  sys tem.  T h i s  a p p l i c a t i o n  c o n t r i b u t e s  t o  a  r e d u c t i o n  i n  u s e  o f  
c o ~ v e n t i o n a l  f u e l  w h i l e  min imiz ing  t h e  o p e r a t i n g  t e m p e r a t u r e  o f  t h e  s o l a r  
c c l ! e c t o r  a r r a y .  I t  a l s o  a s s u r e s  t h a t  f l u c t u a t i o n s  i n  s o l a r  i n s o l a t i o n  w i l l  
nc-- have a  major  d i r e c t  e f f e c t  on d r y i n g  t e m p e r a t u r e s .  

A d i r e c t  a i r  h e a t i n g  c o l l e c t o r  a r r a y  w i l l  b e  u s e d  w i t h o u t  an  e n e r g y  
s t o r a g e  system. This :;y.strrn o f f e r s  lowcr  c n p i t a l  c o s t  t h a n  a  wa te r  syst-em, 
;~rld t 1 1 c .  lower C C ) ~  1 c . c . t  o r  c ' f  f I C . I ( . I I ( ' Y  I I O ~ I I I ~ I ~  l y  ( b ~ l ( ' ( ) l l ~ ~ t  4.1 1 - ( j  W I  t 1 1  ; ] I T  ~y:;t  ~ . I I I ~ :  w i l  1 
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The f l o w  r e s i s t d r l c c  throucjh t h e  c o l l e c t o r  w i l l  b e  g r e a t e r  t h a n  i n  a  normal 
i n l e t  d u c t .  For : h i s  r c d s o n ,  a  f o r c e d  d r a f t  sys tem i s  used  th rough  t h e  
c o l l e c t o r .  ~ h c  f a r 1  i:, s i z e d  s o  t h a t  t l l c  d r y e r  i t s e l f  o p e r a t e s  a t  a  n e g a t i v e  
p r c s s u r e  a s  w i t h  c o n v e n t i o n a l  sys tems.  

~ 0 t h  o p e r a t i n g  t e m p e r a t u r e  and  a i r  makeup r a t e  a r e  p r o c e s s  v a r i a b l e s  which 
m y  d i f f e r  w i t h  p r o d u c t  t y p e  and  which w i l l  a f f e c t  ene rgy  r equ i r emen t s .  The 
m o i s t u r e  c o n t e n t  o f  t h e  f e e d s t o c k  w i l l  a l s o  impact  ene rgy  r equ i r emen t s .  For 
t h e s e  r e a s o n s ,  t o t a l  ene rgy  r e q u i r e m e n t s  f o r  t h e  sys t em w i l l  b e  d i f f i c u l t  t o  
p r o j e c t  w i t h o u t  a  more d e t a i l e d  s t u d y .  T h i s  w i l l  b e  per formed by t h e  
designer/manuf a c t u r e r  o f  t h e  d r y e r .  

The s i z i n g  o f  t h e  s o l a r  c o l l e c t o r  a r r a y  i s  de te rmined  by bo th  t h e  r e q u i r e d  
ene rgy  c o n t r i b u t i o n  and t h e  a l l o w a b l e  p r e s s u r e  d r o p  a t  a n t i c i p a t e d  a i r  makeup 
r a t e s .  AS a  f i r s t  app rox ima t ion ,  a  d r y e r  o f  t h i s  s i z e  w i l l  r e q u i r e  a b o u t  3000 
cfm of makeup a i r .  Commercial ly a v a i l a b l e  f l a t - p l a t e  a i r  h e a t e r s  recommend a  
f l o w  r a t e  o f  a b o u t  2  c f d f t 2  f o r  a c o l l e c t o r  p r e s s u r e  d r o p  o f  a b o u t  0.2 
i n c h e s  of  wa te r .  These f i g u r e s  fjUggeSt a  c o l l e c t o r  a r e a  i n  t h e  r a n g e  of  1500 
f t 2 .  

A c o l l e c t o r  a r r a y  o f  t h i s  s i z e  s h o u l d  b e  c a p a b l e  o f  p r o v i d i n g  peak  p r e h e a t  
t e m p e r a t u r e s  i n  t h e  r a n g e  o f  16-27OC a h v e  t h e  ambient  t e m p e r a t u r e  w i t h  a n  
ave rage  energy  c o n t r i b u t i o n  of  a b o u t  .70 t o  .75 m ~ t u  p e r  day. For  a 
p r o j e c t e d  u t i l i z a t i o n  o f  260 days /yea r ,  t h e  annua l  ene rgy  c o n t r i b u t i o n  w i l l  b e  
190 MMBtU. 

Adequate s p a c e  f o r  t h e  c o l l e c t o r  a r r a y  o r  t h e  d r y e r  i s  n o t  a v a i l a b l e  i n  
t h e  immediate v i c i n i t y  o f  t h e  e x i s t i n g  f r u i t  d r y e r .  S i n c e  a n  e n t i r e l y  new 
sys tem i s  t o  be p r o v i d e d ,  t h e r e  i s  n o t  n e c e s s a r i l y  a  c o n s t r a i n t  t o  keep  t h e  
o p e r a t i o n s  i n  t h e  same b u i l d i n g s .  Managerial  p e r s o n n e l  i n d i c a t e  t h a t  t h e r e  
w i l l  b e  no  problem modify ing  o r  c o n s t r u c t i n g  b u i l d i n g s  as  n e c e s s a r y ,  n o r  
o b t a i n i n g  l a n d  s p a c e  i n  t h e i r  complex. 

2.3 IMPLEMENTATION REQUIREMENTS 

F i g u r e  2  p r e s e n t s  t h e  o r g a n i z a t i o n  and  s c h e d u l e  f o r  t h e  f i e l d  T e s t .  The 
s t a f f  of  t h e  ~ ~ r i c u l t u r a l  P r o d u c t i o n  Au thor i ty  shou ld  be  f u l l y  c a p a b l e ,  a f t e r  
t r a i n i n g  o f  o p e r a t i n g  and m a i n t a i n i n g  t h e  t u n n e l  d r y e r  and  most o f  t h e  s o l a r  
e n e r g y  equipment. Support  from a  P r o j e c t  Engineer  w i l l  be  r e q u i r e d  i n  o r d e r  
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t o  assure proper system performance and t o  monitor and evaluate i t s  
operation. The f a c i l i t y  s ta f f  w i l l  be r e l i e d  upon t o  have the expertise  t o  
evaluate the process performance of the dryer and t o  lend technical support 
for alternative energy systems. 
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2.4  FIELD TEST COSTS ESl'IMATE 

Design a n d  ~ n g i n e e r i n g  
Equipment  
Manual Development  
S h i p p i n g  
C o n s t r u c t i o n  a n d  I n s t a l l a t i o n  
S t a r t u p ,  Check-ou t  a n d  T r a i n i n g  
O p e r a t i o n s  a n d  M a i n t e n a n c e  S u p p o r t  ( 2  y r s )  

C o s t  - 
$ 4 0 , 0 0 0  

210 ,000  
30,000 
5 0 , 0 0 0  
45 ,000  
5 0 , 0 0 0  
9 0 , 0 0 0  

T o t a l  
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,. SOLAR E;,ERGY AIJD HEAT RECOVERY FOR POULTRY PROCESSING 

: . i 1N';'RODUCTION 

Background 

The Genera l  P o u l t r y  Company (GPC) o f  Egypt is  t h e  l a r g e s t  government-owned 
o p e r a t i o n  i n  t h e  count-ry,  pr.oducing morc. t h a n  100,000,000 b r o i l e r s  p e r  . rri~r: c.r]rnpilrly [ , ] ) c L 1 . d t  r:!; !:t'vl*rdl ] ) c > \ ~ l  t:ry ~,l-occ.ssing pl i ln ts  j n Eqypt.  Tile 

r,l-[,posctl site f o ~  I i  I ! !  i f 3  tllc (;PC pli111t i n  H e l  iopoli s. Disciiosi(,n:; 
c.r~cc.rni ng .I pos:; i !~l  c: r-c:r~i.wablc- c!rlcirgy p r o  jcct a t  t he  plant .  were h e l d  wi th  t t ~ e  
Genera l  Msnir~jcr .lnri C~lai~lrl;trl of G P C ,  a s  w e l l  a s  w i t h  p l a n t  p e r s o n n e l .  

p r o c e s s  h e a t  i s  s u p p l i e d  by s t eam i n  t h e  H e l i o p o l i s  p l a n t ,  and t h e  main 
energy r e q u i r e m e n t s  a r e  t h e  p o u l t r y  s c a l d i n g  and t h e  by-products  r e n d e r i n g .  
I n  a d d i t i o n ,  p l a n t  c lean-up o c c a s i o n a l l y  u s e s  h o t  wa te r  p rov ided  by a  p o r t a b l e  
s t eam c l e a n e r .  Hot wa te r  a t  65-70°c a t  t h e  s c a l d e r  i s  needed t o  r e p l a c e  
wa te r  l o s t  w i t h  t h e  c h i c k e n s  and by e v a p o r a t i o n .  P r e s e n t  demands f o r  s c a l d e r  
makeup a r e  a b o u t  6000-7000 g a l l o n s / d a y  (assuming a  makeup r a t e  of 0.33 
q u a r t / b i r d  and an i n i t i a l  t a n k  f i l l  o f  2000 g a l l o n s ) .  With in  t w o  y e a r s ,  
however, t h e  p l a n t  w i l l  expand t o  t w i c e  t h e  c u r r e n t  c a p a c i t y  and t h e  h o t  wa te r  
deir.and f o r  s c a l d i n g  shou ld  i n c r e a s e  p r o p o r t i o n a t e l y .  T h i s  h o t  w a t e r  demand 
~ n d  t h e  a d d i t i o n a l  h o t  wa te r  f o r  c lean-up a r e  t h e  s u g g e s t e d  p r o c e s s  h e a t  
r equ i remen t s  which can  be s u p p l i e d  by t h e  proposed s o l a r / w a s t e  h e a t  r ecovery  
system. Water a t  170°c i s  r e q u i r e d  f o r  by-product  r e n d e r i n g  and,  t h e r e f o r e ,  
t h i s  o p e r a t i o n  i s  u n s u i t a b l e  f o r  s o l a r  a p p l i c a t i o n s  u t i l i z i n g  f l a t - p l a t e  
c o l l e c t o r s .  

AS wl th  m a n y  food p roccos ing  p l a n t s ,  t h e  GPC p l a n t  o p e r a t e s  a  l a r g e  
r e f r i g e r a t i o n  p l a n t  which can  p r o v i d e  l a r g e  q i i a n t i t i e s  of condenser  h e a t  f o r  
a p p l i c a t i o n s  such a s  wa te r  h e a t i n g .  The proposed F i e l d  T e s t  w i l l  i n c o r p o r a t e  
both waste h e a t  r ecovery  from t h e  p l a n t ' s  r e f r i g e r a t i o n  condenser  and s o l a r  
water  h e a t i n g  u s i n g  a n  a r r a y  of  f l a t - p l a t e  c o l l e c t o r s .  

Summary D e s c r i p t i o n  

The F i e l d  T e s t  w i l l  be l o c a t e d  a t  t h e  GPC b r o i l e r  p r o c e s s i n g  p l a n t  i n  
H e l i o p o l i s .  The p l a n t  p r e s e n t l y  p r o c e s s e s  40,000-50,000 chickens /day ove r  an  
2 - 9  h m r  p e r i o d .  The a p p l i c a t i o n  w i l l  u se  a  f l a t - p l a t e  s o l a r  a r r a y ,  i n  
r o q j u n c t i o n  w i t h  a  was te  h e a t  r ecovery  system on t h e  p l a n t ' s  r e f r i g e r a t i o n  
ay::Lem, t o  h e a t  wa te r  t o  70-80°c, s t o r e  it, and s u p p l y  h o t  wa te r  t o  t h e  

s c a l d i n g  o p e r a t i o n  and t h e  p l a n t  clean-up o p e r a t i o n .  The sys tem w i l l  
be s i z e d  t o  p r o v i d e  t h e  h o t  wa te r  needed by t h e  expanded p l a n t  c a p a c i t y  
(approximate ly  t w i c e  c u r r e n t  p roduc t ion  r a t e s ) ,  s i n c e  t h i s  expans ion  is 
scb.eduled t o  b e  completed i n  1983. 
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3.2 APPLICATION DESCRIPTION 

O b j e c t i v e  

The o b j e c t i v e  i s  t o  e s t a b l i s h  t h e  c o n c e p t s  of b o t h  s o l a r  e n e r g y  and w a s t e  
h e a t  r e c o v e r y  f o r  u s e  i n  i n d u s t r i a l  p r o c e s s  Water  h e a t i n g .  The c o n c e p t  c a n  
have  a  wide  a p p l i c a b i l i t y  i n  E q ~ p t ' s  f ood  p r o c e s s i n g  p l a n t s  (wh ich  make up 
a b o u t  30% of  t h e  c o u n t r y ' s  i n d u s t r y )  whe re  r e f r i g e r a t i o n  a n d  h o t  w a t e r  n e e d s  
u s u a l l y  o c c u r  c o n c l = r e n t l ~ .  I n  a d d i t i o n ,  t h e  F i e l d  T e s t  i s  t o  d e t e r m i n e  t h e  
economic v i a b i l i t y  o f  u s i n g  e n e r g y  c o n s e r v a t i o n  i n  c o n j u n c t i o n  w i t h  s o l a r  
e n e r g y  t e c h n o l o g y .  

The u s e  of  w a s t e  h e a t  r e c o v e r y  i n  p o u l t r y  p , r o c e s s i n g  p l a n t s  f o r  h e a t i n g  
p r o c e s s  w a t e r  h a s  been  d e m o n s t r a t e d  t o  b e  a  c o s t - e f f e c t i v e  means o f  e n e r g y  
c o n s e r v a t i o n  i n  t h e  U. S .  t h r o u g h  DOE-sponsored r e s e a r c h  p r o j e c t s .  However, i n  
~ q - p t  t h e  p o u l t r y  p r o c e s s i n g  p l a n t s  o p e r a t e  somewhat d i f f e r e n t l y  i n  t h a t  t h e  
p o u l t r y  s c a l d e r  i s  n o t  over f lowed ( a  w a s t e  h e a t  s o u r c e  i n  U.S. p l a n t s )  and  t h e  
s c a l d e r  i s  o p e r a t e d  a t  65-70°c, compared t o  o p e r a t i o n  a t  50-55Oc i n  U.S. 
p l a n t s .  Ano the r  d i f f e r e n c e  between E q y p t i a n  a n d  U.S. p l a n t s  i s  p r o d u c t  

U .  S  p l a n t s  t y p i c a l l y  manu fac tu r e  ice f o r  p a c k i n g  p r o c e s s e d  
p o u l t r y ,  w h i l e  E g y p t i a n  p l a n t s  f r e e z e  t h e i r  p o u l t r y .  T h i s  f a c t  affects t h e  
t y p e  of r e f r i g e r a t i o n  s y s t e m s  which a r e  u sed  - U.S. p l a n t s  u s i n g  i c e  o f t e n  
employ s i n g l e  s t a g e  ref r i g e r a t i o n  ( w i t h  h i g h  s u p e r h e a t  1, w h i l e  E g y p t i a n  p l a n t s  
u s e  compound compres s ion  o r  two s t a g e  r e f r i g e r a t i o n  ( w i t h  l ower  r e f r i g e r a n t  
c o n d e n s e r  s u p e r h e a t  t e m p e r a t u r e s )  9 These d i f f e r e n c e s ,  a s  w e l l  a s  t h e  
d i f f e r e n t  t e m p e r a t u r e s  of t h e  wa t e r  Supp ly ,  r e s u l t  i n  less w a s t e  h e a t  r e c o v e r y  
p o t e n t i a l  i n  ~ q y p t i a n  p l a n t s .  An a d d i t i o n a l  p o t e n t i a l  s o u r c e  of w a s t e  h e a t  
t h a t  c a n  be employed is  h e a t  r e c o v e r y  f rom t h e  condense r  of  t h e  r e n d e r i n g  
c o o k e r s .  T h i s  w i l l  be more t h o r o u g h l y  e v a l u a t e d  a t  t h e  n e x t  s t a g e  of t h e  
F i e l d  T e s t  

The p r o p o s e d  s o l a r / w a s t e  h e a t  r e cove ry  w a t e r  h e a t i n g  s y s t e m  i s  p r e s e n t e d  
i n  s c h e m a t i c  form i n  F i g u r e  1. The s equence  o f  o p e r a t i o n  o f  t h e  sy s t em i s  a s  
f o l l o w s  : 

(1) The h o t  w a t e r  s t o r a g e  t a n k  i s  f i l l e d  w i t h  p l a n t  w a t e r  which i s  
p r e - h e a t e d  by t h e  w a s t e  h e a t  r e cove ry  h e a t  exchange r  i n s t a l l e d  i n  t h e  h o t  
ammonia g a s  l i n e .  

( 2 )  Water  f rom t h e  s t o r a g e  t a n k  is  r e c i r c u l a t e d  t h r o u g h  t h e  c o l l e c t o r  
a r r a y  d u r i n g  d a y l i g h t  h o u r s  a n d  h e a t e d  t o  70-80°c. 

( 3 )  AS t h e  p r o c e s s i n g  p l a n t  S t a r t s  up ( i n  t h e  e a r l y  m o r n i n g ) ,  s t o r e d  h o t  
w a t e r  i s  u s e d  t o  f i l l  t h e  p o u l t r y  s c a l d e r  (2500-3000 g a l l o n s  per l i n e ) .  

( 4 )  D u r i n g  p r o c e s s i n g ,  h o t  w a t e r  i s  s u p p l i e d  t o  t h e  s c a l d e r  a s  r e q u i r e d  
by t h e  l e v e l  c o n t r o l .  The p r e -hea t ed  makeup w a t e r  i s  added c o n t i n u o u s l y .  
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( 5 )  A f t e r  t h e  p r o c e s s i n g  i s  completed ,  p l a n t  c lean-up r e q u i r e s  h o t  w a t e r ,  

i n t e r m i t t e n t l y ,  a s  t h e  h o s e s  a r e  'used,  f o r  approx imate ly  one hour.  

( 6 )  me t a n k  i s  f i l l e d  t o  Capac i ty  ( a g a i n  w i t h  p re -hea ted  makeup w a t e r )  
a f t e r  c lean-up h o u r s ,  s o l a r  ene rgy  i s  c o l l e c t e d  and added t o  t h e  s t o r e d  wa te r .  

me use  of t h e  h e a t  of  t h e  r e f r i g e r a n t  f o r  p r e - h e a t i n g  wa te r  t o  t h e  
s t o r a g e  t a n k  i s  a p p r o p r i a t e  because  t h e  t empera tu re  of  t h e  h o t  ammonia i s  n o t  
expec ted  t o  exceed 82OC, t h u s  making t h i s  h e a t  s o u r c e  one of lower 
t empera tu re  than  the s o l a r  c o l l e c t o r s .  The pr imary drawback t o  such an  
arrangement i s  t h e  f a c t  t h a t  h o t  water  i s  s t o r e d  a t  t h e  h i g h e s t  sys tem 
tempera tu re .  The t a n k  must be w e l l - i n s u l a t e d  t o  compensate f o r  t h i s .  

S i t i n g  In fo rmat ion  

The s i t e  h a s  a c c e s s  t o  major highways and r a i l  s e r v i c e ,  w i t h  no 
p e r c e p t i b l e  problems i n  c o n s t r u c t i o n ,  o p e r a t i o n  
o r  maintenance a c c e s s .  The b u i l d i n g  h a s  a roof  which is, accord ing  t o  t h e  
p l a n t  pe r sonne l ,  s u i t a b l e  f o r  mounting s o l a r  c o l l e c t o r s .  However, some large 
t r e e s  around t h e  s i t e  may Cause s m a l l  shad ing  problems and have t o  be  
removed. The p l a n t  h a s  e l e c t r i c i t y ,  wa te r  and sewer s e r v i c e  provided by 
p u b l i c  u t i l i t i e s .  The f u e l  used f o r  b o i l e r s  and s team c l e a n i n g  is  NO. 2 f u e l  
o i l .  The p l a n t  h a s  t h e  t e c h n i c a l  S t a f f  p r e s e n t l y  t o  o p e r a t e  and main ta in  
e x t e n s i v e  mechanical ,  e l e c t r i c a l  and r e f r i g e r a t i o n  equipment. There i s  no 
problem wi th  t h e  r e s i d e n t  c a p a b i l i t y  t o  o p e r a t e  and m a i n t a i n  Egypt ian  p o u l t r y  
i n d u s t r i a l  equipment and t h e  proposed F i e l d  T e s t  i n  H e l i o p o l i s  would make a n  
e x c e l l e n t  showcase f o r  o t h e r  p o u l t r y  p r o c e s s i n g  p l a n t s  i n  ~ g y p t .  

System Techn ica l  Data and Design S p e c i f i c a t i o n s  

Assuming t h a t  t h e  wa te r  h e a t i n g  sys tem c a p a c i t y  i s  s i z e d  f o r  t h e  expanded 
p l a n t  c a p a c i t y  i ,  twice  e x i s t i n g  c a p a c i t y  o r  approximate ly  100,000 
b i r d s / d a y ) ,  t h e  r e q u i r e d  energy i s  10 t o  12 x l o 6  Btu/day. I t  i s  e s t i m a t e d  
t h a t  4 x l o 6  ~ t u / d a y  cou ld  b e  s u p p l i e d  by a was te  h e a t  recovery  sys tem on 
t h e  ref r i g e r a t i o n  p l a n t .  Thus, 8 x l o 6  Btu/day would be needed from t h e  
s o l a r  c o l l e c t o r  a r r a y ,  o r  a n  e s t i m a t e d  16,000 f t 2  of  f l a t - p l a t e  c o l l e c t o r s .  
The s t o r a g e  t a n k  volume shou ld  be a l e a s t  10,000 g a l l o n s  and t h e  t a n k  shou ld  
be w e l l - i n s u l a t e d .  The s t o r a g e  t ank  must be des igned t o  p rov ide  a measure of  
the rmal  s t r a t i f i c a t i o n  a i n c e  h o t  water  w i l l  b e  drawn o f f  w h i l e  c o l d e r  makeup 
wa te r  i s  be ing  added. An a u x i l i a r y  s team h e a t e r  should  be i n s t a l l e d  i n  t h e  
h o t  wa te r  supply  l i n e  t o  p rov ide  a d d i t i o n a l  h e a t ,  i f  necessa ry .  S o l a r  
c o l l e c t o r s  shou ld  b e  f l a t - p l a t e ,  s i n g l e  g lazed ,  wi th  b lack  chrome c o a t i n g  and 
s u i t a b l e  f o r  roof-mounting. A l l  h o t  wa te r  p i p i n g  shou ld  b e  i n s u l a t e d .  The 
h e a t  r ecovery  sys tem i n  t h e  h o t  armnonia l i n e  (between compressor d i s c h a r g e  and 
condenser)  s h o u l d  b e  an  i n d i r e c t  h e a t  exchange system, wi th  p ropy lene  g l y c o l  
( food grade) used i n  a s h e l l  and t u b e  coun te r f low h e a t  exchanger t o  h e a t  wa te r  
w i t h  t h e  r e c i r c u l a t i n g  propylene  g lyco l .  T h i s  t y p e  o f  system h a s  proved t o  b e  
t h e  most t r o u b l e - f r e e  system f o r  t h i s  t y p e  of  a p p l i c a t i o n .  
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T ' I ~  des ign of t1 lc :  w i l l  c i ~ r e f u l l y  addreso t h e  planned s c f ~ e d u l e  of 

o p e r a t i o n  t o  determine a c c u r a t e  des ign parameters .  S ince  d e t a i l s  of t h e  p l a n t  
expansion were n o t  f i n a l i z e d  a s  of J u l y ,  1981, f i n a l  equipment and o p e r a t i o n a l  
s p e c i f i c a t i o n s  must be  o b t a i n e d  from GPC b e f o r e  commencing d e t a i l e d  des ign.  A 
c:oqtractor wi th  exper ience  i n  r e f r i g e r a t i o n  o r  h e a t  recovery sys tems a s  we l l  
a s  w i t h  s o l a r  water  h e a t i n g  systems w i l l  be r e t a i n e d .  I n s t a l l a t i o n  should be  
c o ~ ~ d u c t e d  i n  con junc t ion  wi th  t h e  s o l a r  c o l l e c t o r  manufacturer and wi th  t h e  
l o c a l  r e f r i g e r a t i o n  s e r v i c e  c o n t r a c t o r .  The waste  h e a t  recovery system should 
be performance- tes ted s e p a r a t e l y  from t h e  s o l a r  system. I n  a d d i t i o n ,  t h e  
whole system should be t e s t e d  f o r  performance,  accord ing  t o  t h e  planned 
o p e r a t i o n  ( i . e . ,  h o t  water  should  be produced and withdrawn from t h e  system 
according t o  t h e  a n t i c i p a t e d  p l a n t  energy demand). 

Monitoring and Eva lua t ing  Data Requirements 

I n  o rder  t o  e s t a b l i s h  t h e  v i a b i l i t y  of t h e  proposed system, t h e  fo l lowing  
d a t a  should b e  c o l l e c t e d  wi th  a p p r o p r i a t e  i n s t r u m e n t a t i o n :  

(1) s o l a r  r a d i a t i o n  ( i n s o l a t i o n )  
( 2 )  c o l l e c t o r  e f f i c i e n c y  
( 3 )  Temperatures a t  v a r i o u s  p o i n t s  

( a b s o r b e r ,  s u r f a c e ,  i n l e t  and o u t l e t  water  t o  c o l l e c t o r s ,  h o t  water 
s t o r a g e  t a n k ,  wa te r  temperature  a t  usage p o i n t s ,  e t c . )  

( 4 )  Thermal s t r a t i f i c a t i o n  i n  s t o r a g e  t a n k  
( 5 )  T o t a l  energy d e l i v e r e d  by system 

3 . 3  IMPLEMENTATION REQUIREMENTS 

Figure  2 p r e s e n t s  t h e  o r g a n i z a t i o n  and schedule  f o r  t h e  F i e l d  Tes t .  The 
General  P o u l t r y  Company p l a n t  personnel  a r e  very e n t h u s i a s t i c  about  t h e  
p r o j e c t  and t h e  Chairman i s  capable  of committing t h e  p l a n t  r e s o u r c e s  
necessary  t o  o p e r a t e  t h e  system. As with  a l l  t h e  i n d u s t r i a l  a p p l i c a t i o n s  i n  
t h i s  p r o j e c t ,  a  P r o j e c t  Engineer w i l l  c l o s e l y  observe and monitor t h e  F i e l d  
Test .  The success  of o p e r a t i o n  w i l l  depend on the p l a n t  pe rsonne l  and how 
they  a r e  t r a i n e d .  
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4. SOLAR ENERGY AND HEAT RECOVERY FOR TEXTILE DYEING 

4.1 INTRODUCTION 

Background 

Based on d a t a  c o l l e c t e d  dur ing  a  v i s i t  t o  t h e  Bortex T e x t i l e  Company 
f a c i l i t i e s  i n  Zagazig,  Governorate of Sharq iya ,  p r e h e a t i n g  of wa te r  f o r  t h e  
dyeing o p e r a t i o n s  was i d e n t i f i e d  a s  an  a p p r o p r i a t e  a p p l i c a t i o n  f o r  a  f i e l d  
t e s t  of  s o l a r  i n d u s t r i a l  p r o c e s s  h e a t  (SIPHI. Favorable  f a c t o r s  which e x i s t  
f o r  t h i s  a p p l i c a t i o n  inc lude :  

1. Moderate p l a n t  s i z e  
2. High ~ r o p o r a t i o n  of  thermal  energy need of  t h e  p l a n t  i s  i n  t h e  dyeing 

o p e r a t i o n s  
3. Moderate end-use temperature  ( l e s s  t h a n  100°c) ' 

4. Moderate energy usage 
5. E x i s t i n g  p l a n t  t e c h n i c a l  s t a f f  
6. I n t e r e s t  on t h e  p a r t  of  p l a n t  management 

4.2 APPLICATION DESCRIPTION 

The o b j e c t i v e  of  t h e  proposed System i s  t o  p rov ide  an  improved method f o r  
h e a t i n g  of  water  f o r  dyeing of t e x t i l e  f a b r i c s .  The concept  proposed i s  
s i m i l a r  t o  SIPH systems employed i n  t h e  U.S. and i n c l u d e s  s o l a r  energy f o r  
h e a t i n g ,  r ecovery  of  h e a t  from waste  s t r eams  and cont inued use  of conven t iona l  
f u e l s .  Bas ic  c o n s e r v a t i o n  measures w i l l  a l s o  be t a k e n  and a n  i n t e g r a t e d  
system approach i s  recommended f o r  water  h e a t i n g .  In  c u r r e n t  o p e r a t i o n s ,  c o l d  
water and chemicals  a r e  loaded i n t o  t h e  dye beck which h o l d s  approximate ly  
1.25 m3. The f a b r i c  i s  in t roduced  i n  a  cont inuous  l o o p  which i s  draped over  
a  h o r i z o n t a l  d r i v e  r o l l  t h a t  p rov ides  a g i t a t i o n . .  The dye ba th  i s  h e a t e d  by 
d i r e c t  s p a r g i n g  of low p r e s s u r e  steam a t  t h e  bottom of  t h e  v e s s e l .  p rocess  
t empera tu res  of  100°C a r e  used f o r  some p r o c e s s  c y c l e s  whi le  o t h e r s  ( r i n s e s )  
use  c o l d  o r  warm water. The becks a r e  open t o  t h e  atmosphere and t h e r e  
appears  t o  be c o n s i d e r a b l e  energy l o s s  wi th  t h e  water vapor e m i t t e d  t o  t h e  
atmosphere. 

There a r e  s e v e r a l  o p p o r t u n i t i e s  e v i d e n t  f o r  energy conse rva t ion .  Some may 
be  implemented immediately whi le  o t h e r s  r e q u i r e  f u r t h e r  e v a l u a t i o n  a s  t o  t h e  
e f f e c t  on p roduc t  q u a l i t y .  The fo l lowing  r e p r e s e n t  some o f  t h e  c o n s e r v a t i o n  
o p p o r t u n i t i e s :  

1. Enclos ing t h e  dye becks 
2. Closed steam l o o p  f o r  h e a t i n g  (condensate  r ecovery)  
3. LOW temperature  dyeing 
4. "~ump-and-run" temperature  c o n t r o l  

I n  a d d i t i o n  t o  t h e s e  conse rva t ion  measures, waste h e a t  recovery t e c h n i q u e s  
m y  be implemented through reuse  of dye b a t h s  o r  h e a t  t r a n s f e r  from waste 
water t o  incoming water. ?dl of t h e s e  conse rva t ion  and h e a t  recovery 
t echn iques  have been demonstrated a t  p l a n t 6  i n  t h e  United S t a t e s  and s e v e r a l  
should  be a p p l i c a b l e  t o  t h e  Bortex proceseee .  
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The sys t em recommended f o r  t h e  Bor t ex  dye  house  is  a  combinat ion  of  w a s t e  
h e a t  r ecovery  and s o l a r  ene rgy  u t i l i z a t i o n s .  A s c h e m a t i c  of  t h e  sys tem 
concep t  i s  p r e s e n t e d  i n  F i g u r e  1- Waste wa te r  from t h e  dye  beck i s  s e g r e g a t e d  
a c c o r d i n g  t o  t e m p e r a t u r e .  Hot wa te r  i s  p a s s e d  t h r o u g h  a  l i n t  removal sys t em 
t o  a  was te  wa te r  p i t .  T h i s  wa te r  i s  pumped th rough  a  h e a t  exchanger  where it 
warms t h e  incoming Water f lowing  t o  a  warm wa te r  s t o r a g e  t a n k .  ~ 0 t h  t h e  was te  
wa te r  pump and  t h e  c o l d  w a t e r  i n l e t  v a l v e  a r e  c o n t r o l l e d  by a  f l o a t  i n  t h e  
s t o r a g e  t a n k  

Water i n  t h e  t a n k  i s  r e c i r c u l a t e d  through a n  a r r a y  o f  f l a t - p l a t e  s o l a r  
c o l l e c t o r s  t o  b o o s t  t h e  w a t e r  t empera tu re .  Water from t h e  s t o r a g e  t a n k  i s  
pumped through a n  a u x i l i a r y  Water h e a t e r  t o  p r o v i d e  t h e  d e s i r e d  t e m p e r a t u r e .  
T h i s  a u x i l i a r y  h e a t e r  may Use steam ( a s  shown) o r  be a  f i r e d  u n i t .  

Through u s e  o f  t h i s  System, wa te r  may be p re -hea ted  t o  any d e s i r e d  
t empera tu re  b e f o r e  be ing  i n t r o d u c e d  t o  t h e  beck. T h i s  w i l l  d e c r e a s e  energy 
l o s s  by improving p r o c e s s i n g  t i m e  and minimizing l o s s e s  i n  s t eam s p a r g i n g .  

svs tem S i z i n a  and P r o j e c t e d  Performance 

The proposed h e a t  r ecovery  sys tem w i l l  p r o v i d e  p r e - h e a t i n g  of t h e  1 5  
m3/hr f low of wa te r  f rom 25OC. T h i s  ene rgy  r ecovery  w i l l  s a v e  a b o u t  1.96 
x  l o 6  ~ t u / h r .  

For a  d e s i g n  t empera tu re  of  70% l e a v i n g  t h e  h o t  wa te r  s t o r a g e  t a n k ,  a  
c o l l e c t o r  a r r a y  s i z e  of  approx ima te ly  14,000 f t 2  is  warranted .  T h i s  a r r a y  
w i l l  p r o v i d e  adequa te  h e a t i n g  f o r  a n  ave rage  o f  more t h a n  t w e l v e  hours  of 
o p e r a t i o n  p e r  day. For n i g h t t i m e  o p e r a t i o n ,  a f t e r  s t o r e d  ene rgy  i s  d e p l e t e d ,  
and f o r  days  w i t h  i n a d e q u a t e  i n s o l a t i o n ,  t h e  h e a t i n g  r equ i remen t s  w i l l  b e  
p r o v i d e d  by t h e  b o o s t e r  h e a t e r .  

The combined h e a t  r e ~ ~ v e l y / ~ ~ l a r  energy sys tem w i l l  have t h e  c a p a b i l i t y  of 
p r o v i d i n g  ove r  16,000 MMBtu/year assuming 24 hour o p e r a t i o n  s i x  days  a  week. 
Actual  ene rgy  c o n t r i b u t i o n s  w i l l  depend g r e a t l y  on t h e  p l a n t ' s  o p e r a t i o n  
s c h e d u l e  and t h e  u t i l i z a t i o n  of  t h e  system. 

4.3 IMPLEMENTATION REQUIREMENTS 

F i g u r e  2  p r e s e n t s  t h e  o r g a n i z a t i o n  and schedu le  f o r  t h e  F i e l d  T e s t .  The 
s t a f f  of  t h e  BOrteX T e x t i l e  Company p l a n  has  t h e  a b i l i t y  t o  o p e r a t e  and 
m a i n t a i n  t h e  c o n v e n t i o n a l  p o r t i o n s  o f  t h e  tes t  sys tem and,  a f t e r  t r a i n i n g ,  
t h e y  shou ld  b e  a b l e  t o  p r o v i d e  t h e  same s e r v i c e s  f o r  t h e  renewable  energy 
system. Suppor t  from a  P r o j e c t  Engineer  w i l l  be  p rov ided  i n  o r d e r  t o  a s s u r e  
p r o p e r  sys tem performance and t o  moni tor  and  e v a l u a t e  i ts  performance.  
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C o s t  - 
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TOTAL 
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i17~ K o l d a i r  Company, l o c a t e d  i n  G i z a ,  m a n u f a c t u r e s  w a t e r  c o o l e r s ,  f r e e z e r  
> l n , t s ,  c o m m e r c i a l  a i r  c o n d i t i o n i n g  e q u i p m e n t  a n d  window u n i t  a i r  c o n d i t i o n e r s .  
~ c t s l  p a r t s  f o r  t h e s e  p r o d u c t s  a r e  c h e m i c a l l y - t r e a t e d  i n  d i p p i n g  t a n k s  p r i o r  
t o  p a i n t i n g .  D e g r e a s i n g ,  p h o s p h a t i z i n g ,  chrome d i p ,  a n d  o n e  h o t  r i n s e  
t r e a t m e n t  o p e r a t i o n s  r e q u i r e  w a t e r  a t  70-8O0C. Two new a u t o m a t i c  p r o d u c t i o n  
m~ci - i i  n e s  a r e  be1 ng i n s t a l  I c d  which  w i l l  p r o v i d e  c o n t i n u o u s  c h e m i c a l  t r e a t m e n t  
a n d  s u b s e q u e n t  p a i n ?  lrry of mc5tal  p a r t s  f o r  w ~ n d o w  u n i t s  a n d  w a t e r  c o o l e r s .  
Tilt: e n e r g y  r e q u l ~ e d  L O  nl;llnt.~in t.hc c l c s i r c d  b a t h  t e m p e r a t u r e s  i n  t h e  d i p  t a n k s  
a n d  a l s o  p r o v i d e  d f u l - c e d  a l r  d r y i n g  p r i o r  t o  p a i n t i n g  f o r  t h e s e  t w o  m a c h i n e s  
1 s  4000 t o  5000 l h  s . t -am/hr .  T h i s  e n e r g y  r a t e  would bF3 v e r y  h i g h  t o  s u p p l y  by 
a  s c l a r  gys tem a n d  t h e r e  i s  n o t  e n o u g h  a r e a  t o  mount  c o l l e c t o r s  f o r  s u c h  a  
c a p d c i t y .  However, a  more r e a s o n a b l e  u s e  ~ f  s o l a r  i s  t o  h e a t  t h e  w a t e r  which  
1 %  u s e d  t o  f i l l  t h e  t ankc ;  i n i t i a l l y .  The t o t a l  w a t e r  n e e d s  f o r  s u c h  a n  
a p p l i c a t i o n  a r e  c3st imatc~d t o  i r  i lhout  30 ,000  gal lon! ;  p e r  day .  However, d u r i n g  
d e t a i l e d  d e s i g n  it w i l l  b e  d e t e r m i n e d  how o f t e n  t h e  t a n k s  s h o u l d  b e  r e f i l l e d .  

I f  30,000 g a l l o n s / d a y  of h o t  w a t e r  were  n e e d e d ,  a  s o l a r  w a t e r  h e a t i n g  
s y s t e m  of some 50 ,000  f t 2  and  a  s t o r a g e  t a n k  would  be n e c e s s a r y .  T h i s  s o l a r  
e n e r g y  s y s t e m  w o u l d  b e  d i s p l a c i n g  No. 2  f u e l  o i l  p r e s e n t l y  b u r n e d  i n  t h e  p l a n t  
b o i l e r .  

5 .2  APPLICATION DESCRIPTION 

The p l a n t  i s  l a r g e  (3000  e m p l o y e e s )  a n d  h a s  some 200 e n g i n e e r s  a t  t h e  
s i te .  A  new, l a r g e  e x p a n s i o n  i s  u n d e r  c o n s t r u c t i o n  a n d  w i l l  h o u s e  some of t h e  
e q u i p m e n t  r e q u i r i n g  h o t  w a t e r .  The r o o f  o f  t h i s  s t r u c t u r e  i s  a  s a w t o o t h  
d e s i g n ,  c o n s t r u c t e d  f r o m  c o n c r e t e ,  w i t h  t h e  s o u t h - f a c i n g  s u r f a c e s  i n c l i n e d  
a p p r o x i m a t e l y  4S0. T h i s  may be a n  i d e a l  p l a c e  t o  mount c o l l e c t o r s .  The  
a p p l i c a t i o n  m u s t  be f u r t h e r  d e t a i l e d  t o  d e t e r m i n e  t h e  q u a n t i t y  of h o t  w a t e r  
t h a t  i s  needed.  

5 .3  IMPLEMENTATION REQUIREMENTS 

The p r o j e c t  i s  v e r y  l a r g e  compared t o  t h e  o t h e r  c a n d i d a t e  s o l a r  i n d u s t r i a l  
procur ;s  h e a t  a p p l i c a t i o n s .  tlnwever, it is a good a p p l i c a t i o n  f r o m  a n  e c o n o m i c  
s t a n d p o i n t  ( r e l a t i v e l y  low t c m p c r a t u r e s  r e q u i r e d )  and t h e  e n g i n e e r i n g  
r e s o u r c e s  a t  t h e  s i t e  are e x c e p t i o n a l .  A s o l a r  s y s t e m  i m p l e m e n t e d  a t  t h e  
K o l d a i r  p l a n t  c o u l d  p r o v i d e  a  g r e a t  d e a l  of e x p o s u r e  f o r  SIPH a p p l i c a t i o n s  
f r o m  t h e  e n g i n e e r i n g  s e c t o r  i n  E g y p t ,  s i n c e  t h e  e n g i n e e r s  a t  t h e  s i t e  d o  a 
s i g n i f i c a n t  amount o f  o u t s i d e  c o n s u l t i n g .  
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5 .4  FIELD TEST 03ST ESTIMATE 
Cost - 

Design and Engineering 
Equipment 
Shipping 
Manual Deve lopment 
Construction and I n s t a l l a t i o n  
Check-out , Start-up,  and Training 
Operation and Maintenance Support ( 2  y r s )  

Tota 1 
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PIIOTCWOLTAIC POWER APPLICATIONS 

. PHOTWOLTAIC -POWERED FISHERMEN SHELTER SYSTEMS 

Background -- 

A j o i n t  e f f o r t  by t h e  M i n i s t r y  of Development and  N e w  Communit ies ,  t h e  
1 1 ~ ~ 1 ,  Dam Lake  Develcqxnent A u t h o r i t y  and CARE work i s  aimed a t  a s s i s t i n g  
c , l g c , n i z e d  g roup  e f f o r t s  t o  sc. t t lc  t h e  High Dam Region  by p r o v i d i n g  means t o  
arne1lorat-e t h e  d i f f i c l l l t  1 i v l  rlq c-ondi t ionr ;  o f  t h e  Region.  The High  Dam Lake  
~ ~ - g i o ~  of S o u t h e r n  E g y p t  o f f e r s  b o t h  g r e a t  p r o m i s e s  and  c h a l l e n g e s .  The l a k e  
is r i c h  i n  f i s h  a n d  t h e r e  i s  s i g n i f i c a n t  a g r i c u l t u r a l  p o t e n t i a l  a l o n g  i t s  
shore=.ine. The f i s h  h a r v e s t  h a s  r i s e n  f rom 12 ,000  m e t r i t  t o n s  i n  1974 t o  
30 ,500  m e t r i c  t o n s  i n  1980  and  i s  f o r e c a s t  a t  8 5 , 0 0 0  m e t r i c  t o n s  i n  1985. 

Approx ima te ly  6000 f i s h e r m e n  now f i s h i n g  t h e  l a k e  l i v e  u n d e r  i n c r e d i b l y  
h a r s h  c o n d i t i o n s .  I n d i v i d u a l  f i s h e r m e n  may s p e n d  6-10 months  a t  a  s t r e t c h  on  
t h e  l a k e ,  w i t h  o n l y  s h o r t  v i s i t s  t o  t h e i r  f a m i l i e s ,  ma in ly  i n  t h e  Sohag and  
Qena G o v e r n o r a t e s .  The f i s h e r m e n  n o r m a l l y  f i s h  a t  n i g h t  a n d  r e p a i r  h a t s  a n d  
k n o t s ,  p r o c e s s  t h e i r  c a t c h  and  rest d u r i n g  t h e  day.  O f t e n ,  t h e i r  o n l y  s h e l t e r  
i s  t h e i r  h a t s .  P r i m i t i v e  s h a c k s  of r e e d s  or s t o n e s  o f f e r e d  l i t t l e  p r o t e c t i o n  
f r o m  s c o r p i o n s ,  v i p e r s ,  j a c k a l s  and hyenas .  T h e i r  d i e t s  a r e  d e f i c i e n t  i n  
v i t a m i n s  a n d  m i c r o - n u t r i e n t s  due  t o  t h e  a b s e n c e  o f  f r u i t s  a n d  v e g e t a b l e s .  
H e a l t h  care i s  n o n - e x i s t e n t  e x c e p t  f o r  t h e  i n c i p i e n t  ( o n c e  a month)  d e l i v e r y  
s y s t e m  e s t a b l i s h e d  by CARE. The men suffer f rom g a s t r o e n t e r i t i s ,  r e s p i r a t o r y  
p r o b l e m s ,  h e a t  e x h a u s t  i o n ,  s u n  s t r o k e  and e y e  p rob l ems .  B i l h a r z i a  i n f e c t s  
25-35% o f  t h e  men. 

I n  a n  e f f o r t  t o  imprc~ve l i v i n g  c o n d i t i o n s  f o r  t h e  f i s h e r m e n ,  22 
s h e l t e r s / b a s e  camps w i l l  b e  c o n s t r u c t e d  a round  t h e  l a k e .  T h e s e  s h e l t e r s  w i l l  
be b u i l t  a l o n g  t r a d i t i o n a l  Nubian a r c h i t e c t u r a l  l i n e s  and w i l l  p r o v i d e  
s l e e p i n g  q u a r t e r s ,  k i t c h e n ,  and  s h e l t e r e d  work a r e a s  g rouped  a round  a  
c o u r t y a r d  for  1 0  t o  40 f i s h e r m e n .  A  s e p a r a t e  b u i l d i n g  w i l l  b e  c o n s t r u c t e d  for  
s a l t i n g  a n d  d r y i n g  f i s h .  T h e r e  w i l l  a l s o  be k i t c h e n  g a r d e n s  ( u p  t o  2 feddans)  
a d  some s i tes w i l l  have  wind-breaks  and f r u i t  trees. 

The  p r e s e n t  p rogram e n v i s i o n s  a n  e n g i n e - d r i v e n  w a t e r  pump f o r  p o t a b l e  a n d  
2 r r i g a t i o n  w a t e r  a s  t h e  o n l y  a p p l i a n c e  for  t h e  s h e l t e r s .  E x p e r i e n c e  a t  a  f e w  
of  t h e  sites a l r e a d y  c o n s t r u c t e d  h a s  shown t h e  e n g i n e - d r i v e n  pump t o  b e  a  
ma jo r  impediment  t o  w a t e r  d e l i v e r y  because  of f u e l  d e l i v e r y  p rob l ems  and  t h e  
i n a b i l i t y  of t h e  f i s h e r m e n  t o  cope  w i t h  r e p a i r s  a n d  ma in t enance .  H e a l t h  
d e l i v e r y  is s e v e r e l y  impeded by t h e  i n a b i l i t y  t o  p r e s e r v e  m e d i c a t i o n s  i n  t h e  
e x t r e m e  h e a t  o f  t h e  r e g i o n -  T h e r e  i s ,  t h e r e f o r e ,  a n  u r g e n t  need  a t  t h e  
sk l t e r s  f o r  s a f e  d r i n k i n g  w a t e r ,  adequa t e  w a t e r  for  k i t c h e n  g a r d e n s  and f r u i t  
trees, a  r e f r i g e r a t o r  for  p r e s e r v i n g  m e d i c a t i o n s  a n d  a  modes t  amount  of 
l i g h t i n g .  M o s t  i m p o r t a n t l y ,  t h e s e  s e r v i c e s  s h o u l d  be p r o v i d e d  by v e r y  
r e l i a b l e  a p p l i a n c e s  powered f r o m  a  renewable  e n e r g y  s o u r c e  t o  o b v i a t e  t h e  need  
for m a i n t e n a n c e  and  f u e l  d e l i v e r y .  
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The ~ r i m a r y  p u r p o s e  i n  d e m o n s t r a t i n g  PV Sys tems  h e r e  i s  t o  e s t a b l i s h  t h e  
t e c h n i c a l  and s o c i a l  f e a s i b i l i t y  of r e m o t e  s y s t e m s .  The e c o n o m i c s  of s u c h  
s y s t e m s  now a r e  n o t  g o o d -  However, t h e r e  a r e  o t h e r  f a c t o r s ,  d i f f i c u l t  t o  
q u a n t i f y ,  which s h o u l d  be c o n s i d e r e d .  I n  l i g h t  o f  t h e  r e a l i t y  t h a t  t h e r e  a r e  
some l o c a t i o n s ,  s u c h  a s  new S e t t l e m e n t s  i n  t h e  f r o n t i e r  g o v e r n o r a t e s ,  w h e r e  
t h e  Government of  Egypt  i s  p u s h i n g  f o r  d e v e l o p m e n t ,  where  t h e  g r i d  m i g h t  n e v e r  
be e x t e n d e d  a n d  d i e s e l  f u e l  i s  u n a v a i l a b l e  o n  a  r e g u l a r  b a s i s ,  t h e r e  i s  no 
a l t e r n a t i v e .  I t  may be i n  t h e  n o t  t o o  d i s t a n t  f u t u r e  t h a t  PV-powered s y s t e m s  
f o r  sma] 1 amounts  of  e l e c t - r i c i t y  wi 1 1  mak(. sensc.  and hc ar, economic  o p t i o n .  



:i,e f i e l d  t e s t .  o i  l : h o t o v o l t a i c  power s y s t e m s  and a p p l i a n c e s  f o r  f i she rmen  
shelters w i l l  c o n s i s t .  of  t h r e e  s e p a r a t e  power / loads  sys t ems  l o c a t e d  a t  t h r e e  
d i f  f o r e n t  bu t  r e p l ~ e s e n t - a t - i v c  s ) - ~ e l t e r  s i t e s .  These p roposed  renewable  ene rgy  
al ,p!  l c r a t ions  w i l l  use  one o r  two f 1a t . -p l a t e  p h o t o v o l t a i c  a r r a y s  a t  each  s i t e  
t.( J u ~ ~ . r  a  r ange  of d i f f e r e n t .  t h i n g s ,  p o s s i b l y  a  s m a l l  (100  l i t e r )  
r e f  , - i g a r a t o r / f  r e e z e r  d e s i g n e d  s p e c i f i c a l l y  f o r  m e d i c a t i o n  s t o r a g e ,  up t o  t h r e e  
low-vol tage  f l u o r e s c e n t  l i g h t s ,  a  w a t e r  p u r i f i e r  and /o r  a  w a t e r  pump. m e  
w a t e r  pump would be i n t e g r a t e d  i n t o  an  a u t o m a t i c  pumping/storage/deliveqt 
svs tem t h a t  would n o t  r e q u i r e  b a t t e r i e s  f o r  t h e  pump motor  and which would u s e  
s u b s u r f a c e  i r r i g a t i o n  f o r  t h e  k i t c h e n  ga rden  and t r e e s .  

O b j e c t i v e  

The o b j e c t ~ ~ f f .  of t h e  proposed  a p p l i c a t i o n  i s  t o  d e m o n s t r a t e  t h e  
f ~ , , s i b i l i  t y  of  u s i n g  s tnnd-a  1 one  PV power SyStCmS and  ene rgy  e f f i c i e n t  l o a d s  
t c ,  !;upply th( .  minimal hilelr-  R ~ ~ T v ~ c : c . ~  of r.ma11 s e t t l e m e n t s  i n  remote o r  
f j c.7 rc,(, i c,rln i t~ Kqypt wtlc-rr. 1 1 1  1 c.rnrlt i V I ~  collvclnt i onn l  powcr s o u r c e s  a r e  n o t  
dl11)l 0 1 ) r  1 d t l ?  

Concept D e s c r i p t i o n  

The p roposed  Fisherman S h e l t e r  PV/Load System c o u l d  c o n s i s t  of  a l l  o r  some 
of  t h e  f o l l o w i n g  o r  o t h e r  a p p l i c a t i o n s  pend ing  d e t a i l e d  review of i n d i v i d u a l  
s i t e  needs :  

1 

> 
R (1) A comple te  PV power sys tem . i n c l u d i n g  t h e  PV a r r a y , c o n t r o l s ,  
f i n s t r u m e n t a t i o n ,  a n d . e n e r g y  s t o r a g e .  
6. 

# 

( 2)  Water pump f o r  p o t a b l e  ( 5 l i t r e s / p e r s o n / d a y )  , domes t i c  u s e s  ( 2 0  
l i t e r s / d a y / p e r s o n ) ,  and i r r i g a t i o n  (10  m3/f eddan/day ) w a t e r  i l . , k i t c h e n  
g a r d e n s  up  t o  one f  eddan i n  a r e a  1. 

( 3 )  Three e a c h ,  20-watt f l u o r e s c e n t  l i g h t  f o r  common a r e a s  i n  t h e  s h e l t e r .  

( 4 )  One e a c h ,  r c f r i g e r a t o r / f r e e z e r  des igned  s p e c i f i c a l l y  f o r  t h e  s t o r a g e  
o f  m e d i c a t i o n s  and v a c c i n e s  i n  h i g h  ambient t empera tu re  ( 4 3 O ~ )  envi ronment .  

( 5 )  One e a c h ,  wa te r  p u r i f i e r  t o  p r o v i d e  5  l i t r e s / p e r s o n / d a y  o f  p u r i f i e d  

p o t a b l e  w a t e r  

The s p e c i f i c  l o a d s  may vary  depending on t h e  l o c a t i o n  and t h e  r equ i r emen t s  
f o r  each  s h e l t e r ,  e.g.,  on ly  one r e f r i g e r a t o r  may be needed f o r  a  group of 
s h e l t e r s  o r  two-way r a d i o  communication f o r  emergency p u r p o s e s  may be  
e s t a b l i s h e d *  

C. 
5 
1 '  The PV power sys tem w i l l  b e  low-vol tage  t o  enhance p e r s o n n e l  s a f e t y  and 

w i l l  b e  d e s i g n e d  f o r  una t t ended  o p e r a t i o n .  The PV a r r a y  and b a t t e r y  s i z e  w i l l  
v a r y  t o  meet t h e  needs  of each s i t e .  A l l  l o a d s  w i l l  be  DC-powered t o  r educe  
sys t em c o s t  and  i n c r e a s e  sys tem r e l i a b i l i t y  t h rough  t h e  u s e  of  fewer  
components. The power/ load sys t em w i l l  a l s o  c o n t a i n  au toma t i c  i n s t rumen ta -  
t i o n  t o  a l l o w  U.S. and Egyptian t e c h n i c a l  p e r s o n n e l  t o  mon i to r  and e v a l u a t e  
sys t em t e c h n i c a l  performance. Data w i l l  be r eco rded  a u t o m a t i c a l l y  on a  
magnet ic  t a p e  c a s s e t t e  which c o u l d  be changed and forwarded t o  mon i to r ing  
p e r s o n n e l  by t h e  CARE medica l  team d u r i n g  t h e i r  r e g u l a r  v i s i t s .  
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The pump would be  des igned  t o  o p e r a t e  au to !Xa t i ca l ly  whenever t h e  PV a r r a y  
is g e n e r a t i n g  s u f f i c i e n t  Power and may be  l o c a t e d  n e a r  t h e  s h e l t e r  o r  a t  t h e  
i n t a k e  i n  t h e  l a k e .  The i n t a k e  l i n e  w i l l  be des igned  t o  f l o a t  on t h e  s u r f a c e  
of t h e  l a k e  o r  l a y  on  t h e  ground a s  t h e  l e v e l  of t h e  l a k e  v a r i e s  w i t h  t h e  t i m e  
of y e a r .  The pump i n t a k e  w i l l  be des igned t o  t a k e  i n  wa te r  below t h e  s u r f a c e  
and above t h e  bottom t o  avo id  s u r f a c e  and bottom d e b r i s  and con tamina t ion .  

The pump w i l l  d e l i v e r  a l l  of i t s  o u t p u t  t o  a  w a t e r  s t o r a g e  t a n k  l o c a t e d  
above t h e  l e v e l  of t h e  k i t c h e n  garden and t h e  she l t ' e r .  The t a n k  w i l l  be 
des igned  such t h a t  a  one  t o  two day d o p e s t i c  wa te r  supp ly  would c o n s t i t u t e  t h e  
lower  v o l m e  of t h e  t a n k  and i r r i g a t i o n  w a t e r  would f low t h r o u g h  t h e  upper  

of t h e  t a n k .  Such a n  arrangement r e m w e s  t h e  need f o r  p r a c t i c a l l y  a l l  
c o n t r o l s .  A d d i t i o n a l l y ,  it p r o v i d e s  a n  o p p o r t u n i t y  f o r  t h e  d e s i g n  and 

i n s t a l l a t i o n  of a  s u b s u r f a c e  i r r i g a t i o n  system t h a t  cou ld  o p e r a t e  una t t ended .  
F i g u r e  1 pre .sents  a  schemat ic  of t h e  proposed PV system and a s s o c i a t e d  l o a d s .  

The ref  r i  gera t o r / f r e e z e r  ( W F )  f o r  medica l  s u p p l i e s  w i l l  he a  c h e s t - t y p e  
u n i t  and w i l l  have  a  u s a b l e  i n t e r i o r  Volume of approximate ly  100 l i t r e s  which 
w i l l  p r o v i d e  adequa te  space  f o r  medica t ion  Storage .  Such an  R/F h a s  been 
developed f o r  t h e  U.S. Cen te r  f o r  Di sease  Con t ro l  and t h e  Department of Energy 
a s  a  hi-gh performance  u n i t .  

S i t i n g  In fo rma t ion  

C o n s t m c t e d  and to -be -cons t ruc ted  s h e l t e r  l o c a t i o n s  a r e  shown i n  F i g u r e  2. 
Three  s i t e s  w i l l  be  i d e n t i f i e d  by t h e  High Dam Lake Development A u t h o r i t y ,  
Q a t t a r a ,  CARE, USAID. S i t e s  w i l l  be s e l e c t e d  on t h e  b a s i s  of demons t ra t ing  
W / l o a d  system u s e  ove r  t h e  range  of geographic  c o n d i t i o n s  and  s h e l t e r  s i z e s  
(i. e .  , small, medium, l a r g e )  

I n  g e n e r a l ,  t h e  s h e l t e r s  w i l l  be l o c a t e d  2-4 me te r s  above t h e  maximum p o o l  
e l e v a t i o n s  of 182 m. Those s i t e s  on s t e e p  g r a d i e n t  s h o r e l i n e s  w i l l  remain 

t o  t h e  w a t e r ' s  edge a s  t h e  l a k e  e l e v a t i o n  v a r i e s  between low poo l  
e l e v a t i o n  and t h e  182 m maximum e l e v a t i o n ,  w h i l e  o t h e r s  l o c a t e d  on low 
g r a d i e n t  s h o r e l i n e s  may he  s e v e r a l  k i lomete ra  from t h e  w a t e r ' s  edge a t  low 
poo l  e l e v a t i o n .  There  i s  ample room a t  t h e  s h e l t e r  s i t e s  f o r  P V  a r r a y  s i t i n g ,  
and c o n s i d e r a t i o n  may be given t o  l o c a t i n g  t h e  s o l a r  a r r a y  ove r  t h e  s h e l t e r  
c o w y a r d  t o  p rov ide  a d d i t i o n a l  shade .  The k i t chen  gardens  w i l l  be l o c a t e d  
c l o s e  t o  t h e  s h e l t e r  a r e a s ,  p r o v i d i n g  s u i t a b l e  soil i s  a v a i l a b l e .  I t  is  
a n t i c i p a t e d  t h a t  t h e  gardens  w i l l  n o t  be more t h a n  12 m above low poo l  
e l e v a t i o n .  

System Techn ica l  Data  and Design S p e c i f i c a t i o n s  

The fo l lowing  d a t a  a r e  developed f o r  a s h e l t e r  f o r  25 men and 1-feddan 
garden:  
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Figure 2 

She1 t e r  Locations 



I r r i g a t i o n ,  @ 10m3/feddan/day/x 1 feddan 
P o t a b l e ,  @ 5  l i t r e s / p e r s o n / d a y  x  25 people  
Domestic, @ 20 l i t r e s / p e r s o n / d a y  x 25 peop le  
( b a t h i n g ,  k i t c h e n ,  fish in^ g e a r  c lean-up)  

( 2 )  Pump Energy,  @ 8 0  Whr/m3 

(3 )  L i g h t i n g  Requirements,  3 f i x t u r e s  
4  h r /day  x 2 l a m p / f i x t u r e  x  21 w/lamj, 

( 4 )  ~ e f r i ~ e r a t n r / f r e e z e r ,  @ 430C ambient 

( 5 )  Water P u r i f i e r ,  f o r  125 l /day  

T o t a l  d a i l y  energy  requirements  

( 6 )  PV Array S i z e  rind E h t t e r y  Capaci ty  
PV a r r a y :  $15 wa t ta  @ 2euC, f i x e d  t i l t  20° 
Ba t t e ry :  660 ~ m p h r s  based on: 
- 4 0  p e r c e n t  n i g h t  R / F  o p e r a t i o n  
- a l l  l i g h t s  a t  n i a h t  
- 10  pe rcen t  p u r i f i e r  a t  n i g h t  
- 10  p e r c e n t  maximum d a i l y  depth-of-discharge  (DOD) ( ~ u n e - ~ u ~ u s t )  

 his DOD y i e l d s  a  c y c l e  l i f e  of 1400 c y c l e s .  Actual  c y c l e  l i f e  
would be  longer  due t o  sha l lower  w i n t e r  c y c l e s )  

( 7 )  Con t ro l s  
Maximum v o l t a g e  r e g u l a t o r  ( s h u n t  o r  swi tch ing  type)  
Low v o l t a g e  c u t o u t  
Pump c o n t r o l s  f o r  daytime on ly  pumping 

The s h e l t e r  PV/loads Systems w i l l  be  composed o f  proven o f f - the - she l f  
hardware.  S p e c i f i c  components of  known des ign  which have passed e s t a b l i s h e d  
q u a l i f i c a t i o n  t e s t s  w i l l  be s p e c i f i e d .  The f i r s t  s h e l t e r  system ( s e p a r a t e  
ny:~ternn f o r  water  pllrnpinc nnd tho o t h e r  app l innces  a8 a p p r o p r i a t e )  s h a l l  
undergo n f a c t o r y  t o s t  of t h e  complete sys tem(8) .  Subsequent sys tems 
components and subsystems w i l l  undergo i n d i v i d u a l  f a c t o r y  t e s t  t o  a s s u r e  
p roper  o p e r a t i o n  be fo re  shipment. Following i n s t a l l a t i o n  and check-out,  each 
sys tem a t  each s i t e  w i l l  be s u b j e c t e d  t o  a n  acceptance  t e s t  which w i l l  be 
des igned t o  demonstra te  o p e r a t i o n a l  s t a t u s  o f  t h e  system. 
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T r a i n i n g  

0 T r a i n  f i she rmen  i n  System u s e  and minor main tenance  
T r a i n  p e r s o n n e l  i n  d a t a  t a p e  a c q u i s i t i o n  and  ma in tenance  and  minor  
t r o u b l e - s h o o t i n g  and r e p a i r  
Major t r o u b l e - s h o o t i n g  and r e p a i r  

Moni tor ing  and E v a l u a t i o n  Data Requirements  

o PV sys t em performance:  g e n e r a t e d  ene rgy  

o Load sys tem performance:  
- m3/d wa te r  pumped 
- h r / d  r e f  r i g e r a t o r  o p e r a t i o n  
- R/F t empera tu re  r e c o r d  
- t o t a l  l o a d  ene rgy  used  

o S o c i a l  and h e a l t h  b e n e f i t s  

0 Maintenance,  problem, f a i l u r e  r e c o r d s  

6.3 IMPLPlENTATION REQUIREMENTS 

Schedule  

SOW Prep .  
Procurement Cyc le  
P r e l i m i n a r y  Design 
CDR & F i n a l  Design 
Procurement F a b r i c a t  i o n n e s t  
S h i p  ( MB-to -S i t e )  
~ n s t a l l / C h e c k - o u t / A c c e p t .  Tes t /T ra  i n  

6.4 FIELD TEST COST ESTIMATES 

(For  3 S i t e s )  

Design & Enginee r ing  
Equipment 
Shipping  
Manuals 
C o n s t r u c t i o n  61 I n s t a l l a t i o n  
Check-out/Start-up 
Opera t ion  Suppor t  ( 2  y r s )  

0 t o  2 months 
2 t o  9 
9 t o  11 
11 t o  1 2  
1 2  t o  1 8  
1 8  t o  21 
21 t o  22 #1 System 
21.5 t o  22.5 #2 System 
22 t o  23  # 3  System 
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I .  PHOTUVOLTAIC-POWERISI) lRRZGATION SYSTEMS 

7 . 1  INTRODUCTION 

Background 

The a d v e n t  of h i g h l y  e f f i c i e n t  b a t t e r y - l e s s  p h o t w o l t a i c - p o w e r e d  pump 
s y s t e m s  s p e c i f i c a l l y  d e s i g n e d  f o r  l o w - l i f t  a p p l i c a t i o n s  complement  E g y p t ' s  
i d e a l  i n s o l a t i o n  p r o f i l e  and a l m o s t  manda tory  need  f o r  more e f f i c i e n t  u s e  of 
i r r i  g a t i o n  w a t e r .  P f ~ o t o v o l t a i c - p o w e r e d  pumps f r e e  a d d i t i o n a l  l a n d  f o r  
11roc11,ctive a g r i c u l t u r e  anti, s i n c c  they a r c  p o r t n b l e ,  t h e y  c a n  h e  u t i l i z e d  more 
i n t ( - n s i v e l y -  

7.2 APPLICATION DESCI<lP'I 'lON 

The need f o r  i r r i g a t i o n  and w a t e r  pumping e x i s t s  i n  many a r e a s  i n  Egypt .  
A l l  of t h e  s i t e s  have  n o t  y e t  been  i d e n t i f i e d .  S i n c e  t h e  low-head pumping 
s i t e s  i n  Egyp t  a r e  s i m i l a r ,  however,  a  s y s t e m  w i l l  b e  d e s i g n e d  f o r  a  s t a n d a r d  
c o n f i g u r a t i o n  w i t h  a  r a n g e  o f  w a t e r  l i f t  f rom 1 . 5  t o  3 . 0  m e t e r .  

The i r r i g a t i o n  s y s t e m  w i l l  c o n s i s t  o f  : 

(1) A PV a r r a y  

( 2  ) C o n t r o l s  t o  p r o v i d e  day t ime -on ly  pumping ( n o  e l e c t r i c a l  s t o r a g e )  

( 3  ) A w a t e r  pump o p t i m i z e d  f o r  low-head 

( 4 )  An a p p r o p r i a t e  w a t e r  d i s t r i b u t i o n  sy s t em 

( 5  ) I n s t r u m e n t a t i o n  t o  measure  PV sys t em a n d  pump pe r fo rmance  

O b j e c t i v e  

The o b j e c t i v e  i s  t o  e v a l u a t e  t h e  c o n c e p t  of s m a l l  W-powered low head  
w a t e r  pumpi n g / i r  r i g a t i o n  s y s t e m s  f o r  Egypt .  

C o m e p t  D e s c r i p t i o n  

I t  i s  p r o p o s e d  t o  e v a l u a t e  t h r e e  s y s t e m s  f o r  s u b s u r f a c e  i r r i g a t i o n .  The 
pump s e t  w i l l  b e  s e l e c t e d  from c o m m e r c i a l l y - a v a i l a b l e  u n i t s  f o r  maximum 
e f c i c i e n c y  a t  1 . 5  t o  3  meter h e a d  f o r  o p e r a t i o n  f rom c a n a l s ,  dug w e l l s ,  
s h a l l o w  t u b e  w e l l s ,  etc.  The s e l f - p r i m i n g  pump w u l d  b e  c o u p l e d  t o  e i t h e r  a  
pe rmanen t  magne t  or b r u s h l e s s  DC m o t o r  t o  o b t a i n  h i g h  e f f i c i e n c y .  The 
d e s i g n e d  pumping r a t e  would b e  a p p r o x i m a t e l y  150 m3/day a t  1 . 5  m e t e r  h ead  o r  
7 5  m3/day a t  3.0 m e t e r  head. 

The w a t e r  would b e  d i s c h a r g e d  i n t o  a  h o l d i n g  t a n k .  A s u b s u r f a c e  
i r r i g a t i o n  s y s t e m  c o n s i s t s  of main d i s t r i b u t i o n  t u b i n g  from t h e  h o l d i n g  t a n k  
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and double  w a l l  t u b i n g  under  t h e  p l a n t  bed. The wa te r  i s  p l a c e d  d i r e c t l y  i n  
t h e  m o t  zone f o r  t h e  p l a n t ' s  u se -  S i n c e  s u b s u r f a c e  i r r i g a t i o n  r e q u i r e s  abou t  
o n e - t h i r d  t h e  w a t e r  p e r  c r o p  a s  d o e s  f l o o d  t y p e ,  t h r e e  t i m e s  a s  much l a n d  w i l l  
be  i r r i g a t e d  by s u b s u r f a c e  a s  by f l o o d  methods. Thus t h e  pumping sys t ems  w i l l  
b e  capab le  o f  i r r i g a t i n g  up t o  15 f eddans  by s u b s u r f a c e .  S i n c e  t h e  pumping 

i s  p o r t a b l e ,  t h e s e  l and  a r e a s  would n o t  need t o  he con t iguous ,  b u t  
c o u l d  r e p r e s e n t  v a r i o u s  f i e l d s  w i t h i n  a r e a s o n a b l e  d i s t a n c e  of each  o t h e r .  
The subsurface sys tems ( h o l d  t a n k ,  l a t e r a l s ,  s u b l a t e r a l s ,  e t c . )  would be 
des igned  f o r  t h e  s p e c i f i c  f i e l d  by t h e  c o n t r a c t o r  i n  c o o p e r a t i o n  wi th  t h e  
Egyp t i an  a u t h o r i t i e s -  The hardware would he p rov ided  and i n s t a l l e d  by t h e  
p r o j e c t  c o n t r a c t o r .  

The PV a r r a y ,  pump and pump c o n t r o l s  would he  des igned  f o r  una t t ended  
o p e r a t i o n  w i t h  maximum a r r a y  power u t i l i z a t i o n  and  minimum maintenance .  TO 

r educe  maintenance  and sys tem c o s t ,  t h e  sys tem would be des igned  f o r  
b a t t e r y - l e s s  o p e r a t i o n .  S i n c e  t h e  ne.ed f o r  i r r i g a t i o n  i s  c o n c u r r e n t  w i t h  good 
i n s o l a t i o n ,  t h e  e l i m i n a t i o n  of t h e  b a t t e r y  c a u s e s  on ly  a minor l o s s  of 
a v a i l a b l e  ene rgy .  To accompl ish  b a t t e r y - l e s s  pump o p e r a t i o n ,  t h e  PV 
ar.-ay/pump c o n t r o l s  would be des igned  t o  e x t r a c t  maximum power from t h e  PV 
a r r a y  and  d e l i v e r  it t o  t h e  pump motor a t  a n  o p e r a t i n g  v o l t a g e  which w i l l  
o b t a i n  maximum o u t p u t  f rom t h e  pump. 

The PV pump system w i l l  a l s o  c o n t a i n  a minimum amount of au tomat i c  
i n s t r u m e n t a t i o n  t o  a l l o w  U.S. and Egyp t i an  t e c h n i c a l  p e r s o n n e l  t o  mon i to r  and 
e v a l u a t e  sys tem t e c h n i c a l  performance. Data would be r ead  d a i l y  by o p e r a t i n g  
p e r s o n n e l  and recorded on a p p r o p r i a t e  d a t a  l o g s .  These l o g s  would be 
forwarded t o  mon i to r ing  p e r s o n n e l  f o r  e v a l u a t i o n .  

Schematics 

A b lock  diagram showing the  main components and o p e r a t i o n  is  shown 
s c h e m a t i c a l l y  i n  F i g u r e  1- 



FIGURE 1. PtIOTOVOLTAI C-POkIERED IRRIGATION SYSTEM 
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S i t i n g  Information 

Specif ic  s i t e s  f o r  these systems have not been i d e n t i f i e d ;  however, many 
candidate s i t e s  e x i s t  i n  t he  Governorates of Assiut  and Qena. Since t h e  
low-head pumping s i t u a t i o n s  i n  Egypt a r e  r e l a t i v e l y  s imi l a r ,  t he  system design 
w i l l  be f o r  a s tandard system f o r  a s p e c i f i c  range of l i f t  (1.5 - 3.0 m ) .  The 
water output w i l l  be a function of t he  l i f t  and t h e  i n s o l a t i o n  a t  each s i t e ,  
thus  the  land a rea  serv iced  w i l l  need t o  be s i z e d  appropr ia te ly .  The a r r a y  
w i l l  require  a reasonably f l a t  a rea  (approximately 5 m 2 )  with f u l l  sun 
access. Thus, no major s i t e  preparat ion should be required f o r  t h e  PV ar ray .  
The pumps w i l l  be designed t o  f l o a t  on t h e  sur face  of t h e  water,  r equ i r ing  
very l i t t l e ,  i f  any, s i t e  preparat ion-  

System Technical Data and Design Spec i f i ca t ions  

The following da t a  a r e  developed f o r  i r r i g a t i n g  (5-15 feddans) by t h e  
subsurface method: 

( 1 ) A r r a y s i z e :  250Wp 
( 2 )  Water pumped: 150 m3/day @ 1.5m head 

75 m3/day @ 3. Om head 
( 3 ) Controls : Maximum Power Cont ro l le r  
( 4 )  Battery: None 
(5  I r r i g a t e d  Area: 

15  feddans @ 1.5m head 
7.5 feddans @ 3m head 

Design, I n s t a l l a t i o n  and Testing Requirements 

o Low-head PV-powered pump systems a r e  commercially ava i l ab l e ,  
therefore  no design e f f o r t  is  required 

o M i n i m a l  i n s t a l l a t i o n  is  required 
o Testing: 

Factory test of f u l l  system 
Fina l  acceptance t e s t  following i n s t a l l a t i o n  and check-out 

Monitoring and Evaluation Data Requirements 

I n  order t o  eva lua te  the performance of these  systems, t he  following da ta  
should be co l l ec t ed :  

(1) Insola t ion  (langley/day 
( 2 )  System output :  water pumped (m3/d) 
( 3 )  Head ( m )  
( 4)  Maintenance, problem, f a i l u r e  records 

The bas ic  system evaluation w i l l  be t he  value of t h e  increased crop y i e l d s  
versus the prora ted  c o s t  of the  system. Intermediate  evaluat ion c r i t e r i a  w i l l  
include t h e  amount of water pumped fo r  t h e  quant i ty  of i n so la t ion  ava i l ab l e  
(Langley/day versus m3/day of pumped water 1. 



0 1  g a n i z a t i o n  - - 

T:K\ d e t a i l e d  d e f i n i t i o n  of  r o l e s  and r e s p o n s i b i l i t i e s  and t h e  
i dent:  tl c a t i o n  of QHREA and  r e s p o n s i b l e  Egypt ian  o r g a n i z a t i o n s  ( M i n i s t r i e s  of  
A f. 3 c u l t u r e  and I r r i g a t i o n  1 w i l l  be d e l i n e a t e d  upon p r o j e c t  approva l .  The 
U n i v e r s i t y  of A s s i u t  w i l l  a l s o  be p a r t i c i p a t i n g  i n  a l l  phases  o f  t h i s  f i e l d  
test. Th i s  p r o j e c t  w u l d  t i e  i n  w i t h  t h e  M i s s i o n ' s  Water Use and Management 
-reject, p r o v i d i n g  u s e f u l  i n f o r m a t i o n  o n  solar-powered pumping. 

Schedule 

Months a f t e r  go-ahead 

Purchase R e q .  
Proc. Cycle 
Fabf l e s t  
Ship. 
Install/Check-out/Accept T e s t / T r a i n  

7.4 FIELD TEST COST ESTIMATE 

Cost  - 
Subsur face  I r r i g a t i o n  ( 3  sites) 

Design and Eng inee r ing  
Equipment 
Shipping 
Manuals 
~ o n s t r u c  t i o n / I n s t a l  l a t  ion/Check-out/Training 
Opera t ions  and Maintenance ( 2  y r s )  

TOTAL 

BEST AVAILABLE COPY 



8. PHOTOVOLTAIC-POWERED REVERSE OSMOSIS DESALINATION SYSTEM 

8.1 INTRODUCTION 

Background 

The Governora t e  of Mersa Matruh, c o n s i s t i n q  of t h e  e n t i r e  n o r t h  c o a s t  of 
~ g ~ p t  wes t  of  A l e x a n d r i a ,  needs  f r e s h  w a t e r  for d c v e l ~ m e n t .  The 1 a r g e s t  c i t y  
i n  t h i s  r e g i o n  i s  Matruh. No f r e s h  writer supp ly  e x i s t s  i n  t h i s  r eg ion .  Mersa 
& t r u h 1 s  f r e s h  w a t e r  requi rement  f o r  t h e  e x i s t i n g  p o p u l a t i o n  i s  now i n  e x c e s s  
of 2000 m3 p e r  day. These  needs a r e  now p a r t i a l l y  met by two w a t e r  t r a i n s  
p e r  week from A l e x a n d r i a ,  a  s m a l l  d i a m e t e r  w a t e r  main from A l e x a n d r i a  from 
wkich  t h e  f l o w  i s  v e r y  i n t e r m i t t e n t ,  a  3-inch b r a c k i s h  wa te r  main f rom t h e  
v i l l a g e  o f  E l  Kasr  l o c a t e d  1 5  km wes t  of  Matruh, and  some f r e s h  w a t e r  from a 
seawa te r  m u l t i s t a g e  f l a s h  2000 ton/day d e s a l i n a t i o n  p l a n t .  The d e s a l i n a t i o n  
p l a n t  h a s  been  i n t e r m i t t e n t l y  i n o p e r a t i v e  s i n c e  i t s  c o n s t r u c t i o n  and i s  now 
p roduc ing  o n l y  21 m3 p e r  hour On a b o u t  a  h a l f - t i m e  b a s i s .  A v i s i t  was made 
t o  t h e  d e s a l i n a t i o n  p l a n t  (see F i g u r e  1) and t h e  p l a n t ' s  problems were 
d i s c u s s e d  w i t h  t h e  P l a n t  Manager* The p l a n t  o p e r a t e d  from 1973 th rough  1978 
and  was t h e n  s h u t  down due  t o  e x c e s s i v e  c o r r o s i o n  and s c a l i n g .  A f i r m  was 
h i r e d  i n  1980 t o  a s s i s t  i n  making t h e  p l a n t  o p e r a t i o n a l  aga in .  The f i r s t  of 
t h e  f o u r  12 - s t age  f l a s h  u n i t s  h a s  been r e b u i l t  and  h a s  been i n  o p e r a t i o n  s i n c e  
A p r i l .  Every week t h e  u n i t  must be  s h u t  down f o r  two days  t o  mechan ica l ly  
remove a b o u t  1/8" s a l t  s c a l e *  T h i s  o p e r a t i o n  was i n  p r o g r e s s  d u r i n g  o u r  
v i s i t .  The second and t h i r d  u n i t s  a r e  expec ted  t o  be  o n - l i n e  i n  August  and 
t h e  f o u r t h  u n i t  n e a r  t h e  end  of  1981. 

A v i s i t  was made t o  E l  Kasr ,  t h e  b r a c k i s h  water  pumping and h o l d i n g  
s t a t i o n  ( s e e  F i g u r e  2 )  l o c a t e d  on t h e  c o a s t  15-20 km w e s t  of Matruh. The 
w a t e r  w e l l s  a r e  4-6 m e t e r s  i n  dep th  and l o c a t e d  1-1.5 km w e s t  and no r thwes t  of 
~1 Kas r  on  t h e  i n l a n d  s i d e  of  t h e  sand dunes  a l o n g  t h e  Medi ter ranean  Sea.  I t  
was s t a t e d  t h a t  t h i s  b r a c k i s h  water  c o n t a i n s  a b o u t  12,000 PPM d i s s o l v e d  

s o l i d s .  The e l e c t r i c a l  u t i l i t y  f r o m  Matruh ( g a s  t u r b i n e s  and 
d i e s e l - g e n e r a t e d ,  independent  of t h e  n a t i o n a l  g r i d )  e l e c t r i c a l  power i s  
connec ted  t o  a  t r a n s f o r m e r  s t a t i o n  l o c a t e d  a t  t h e  pumping and h o l d i n g  s t a t i o n  
i n  E I  Kas r  s u p p l y i n g  t h e  energy  f o r  t h e  b r a c k i s h  w e l l  and w a t e r  l i n e  pumps t o  
b t m h .  The transformer s t a t i o n  s t e p s  down t h e  11 kV l i n e  v o l t a g e  t o  t h r e e  
phase ,  380V power f o r  E l  K a s r  v i l l a g e  and pump use .  The b r a c k i s h  w a t e r  pumped 
to b t m h  i s  u s e d  f o r  washing and t o i l e t s  and f r e s h  w a t e r  i s  t r u c k e d  t o  E l  
K a s r  t o  supp ly  t h e  needs  of abou t  4000 peop le  o f  t h e  v i l l a g e .  



Figure 1. Desalination Plant at Marsa Matruh 

Figure 2. 12,000 PPM Brackish Water Pumped 
Into Holding Tar,'-s at El Kasr 

BEST AVAILABLE COPY 
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Summary D e s c r i p t i o n  

The f i e l d  t e s t  i s  a  r e v e r s e  0Smosis  d e s a l i n a t i o n  p i l o t  p l a n t  powered by a  
p h o t o v o l t a i c  sy s t em.  Wa te r  d e s a l i n a t i o n  by r e v e r s e  osmosis i s  t h e  most 
e n e r g y - e f f i c i e n t  t e c h n i q u e  commerc i a l l y  a v a i l a b l e .  R e c e n t  a d v a n c e s .  i n  
membrane t e c h n o l o g y  have  been  s i g n i f i c a n t  and  v e r y  l a r g e  ( 1 0 , 0 0 0  m3/day) 
p l a n t s  powered by c o n v e n t i o n a l  S o u r c e s  a r e  i n  o p e r a t i o n  or a r e  b e i n g  
d e s i g n e d .  I n  Egypt  so l a r -powered  r e v e r s e  osmosis s y s t e m s  a p p e a r  t o  b e  
a t t r a c t i v e  o p t i o n s  f o r  a p p l i c a t i o n s  i n  t h e  f r o n t i e r  g o v e r n o r a t e s .  The f i e l d  
t e s t  w i l l  b e  of s u f f i c i e n t  s i z e  t o  d e m o n s t r a t e  t h e  t e c h n i c a l  a n d  economic  
f e a s i b i l i t y  of t h e  c o n c e p t  and t o  a c q u i r e  o p e r a t i o n a l  and  m a i n t e n a n c e  d a t a  
a p p l i c a b l e  t o  l a r g e r - s i z e d  sy s t ems .  The m o d u l a r i t y  of r e v e r s e  o s m o s i s  and  
s o l a r  s y s t e m s  i s  a n  e s p e c i a l l y  a t t r a c t i v e  c h a r a c t e r i s t i c  and  l e n d s  i t s e l f  t o  
t h e  p r o p o s e d  f i e l d  t e s t  app roach  

~t i s  p roposed  t h a t  t h e  f i e l d  t es t  be c o n d u c t e d  n e a r  t h e  c e n t e r  o f  t h e  v i l l a g e  
of ~1 Kas r  a t  a n  e x i s t i n g  b r a c k i s h  w a t e r  s i t e .  The s y s t e m  w i l l  p r o d u c e  
10-20m3/day of f r e s h  w a t e r  f o r  t h e  v i l l a g e .  A 2 6 .  kwp PV s y s t e m  w i l l  s u p p l y  
s u f f i c i e n t  e l e c t r i c a l  e n e r g y  on  a n  a n n u a l  b a s i s  t o  power t h e  r e v e r s e  o s m o s i s  
u n i t .  Du r ing  t h o s e  d a y l i g h t  h o u r s  when t h e  W s y s t e m  o u t p u t  e x c e e d s  t h e  
r e q u i r e m e n t s  of t h e  r e v e r s e  o smos i s  u n i t ,  t h e  e x c e s s  power w i l l  be f e d  i n t o  
t h e  l o c a l  g r i d .  When t h e  o u t p u t  of t h e  W s y s t e m  i s  i n s u f f i c i e n t  t o  s u p p l y  
t h e  r e v e r s e  o s m o s i s  u n i t ,  a n d  when t h e  f r e s h  w a t e r  s t o r a g e  t a n k  i s  

low, t h e  g r i d  w i l l  s upp ly  power t o  t h e  r e v e r s e  o s m o s i s  u n i t  (see 
F i g u r e  3 ) .  A b u f f e r  S t o r a g e  sy s t em t o  p r o v i d e  autonomous o p e r a t i o n  w i l l  be 
c o n s i d e r e d  i n  t h e  d e t a i l e d  d e s i g n  of t h e  sys tem.  Meters w i l l  be i n s t a l l e d  t o  
measu re  t h e  power t a k e n  f rom t h e  g r i d  and  s u p p l i e d  t o  t h e  g r i d .  

A l t e r n a t i v e  c o n c e p t s  employing  o t h e r  s o l a r  power s y s t e m s  w i l l  a l s o  be 
i n v e s t i g a t e d  and  compared w i t h  t h e  PV sys t em c o n c e p t  d u r i n g  t h e  e n g i n e e r i n g  
d e s i g n  p h a s e  of t h i s  f i e l d  tes t .  ( S e e  a l s o  F i e l d  T e s t  D e s c r i p t i o n  1 0 .  - 
wind-Powered R e v e r s e  Osmosis  D e s a l i n a t i o n  Sys t em) .  

8 . 2  APPLICATION DESCRIPTION 

O b j e c t i v e  

The p r i m a r y  o b j e c t i v e s  o f  t h i s  f i e l d  test a r e  to: 

(1) De te rmine  t h e  t e c h n i c a l  f e a s i b i l i t y  of a  s t a n d  a l o n e  PV power s y s t e m  
t o  d e s a l i n a t e  b r a c k i s h  w a t e r  i n  Egypt ;  

( 2 )  Mon i to r  t h e  o v e r a l l  sys tem e f f i c i e n c y ;  

( 3 )  P r o v i d e  hands-on o p e r a t i o n a l  and ma in t enance  e x p e r i e n c e  f o r  E g y p t i a n  
pe ' rsonnel  ; and  

( 4 )  F h a l u a t e  t h e  economics i n  a n  E g y p t i a n  c o n t e x t .  

A s econda ry  o b j e c t i v e  i s  t o  i d e n t i f y  p o t e n t i a l  m o d i f i c a t i o n s  t o  t h e  sy s t em 
which w i l l  o p t i m i z e  t h e  sys tem f o r  r e p l i c a t i o n  i n  t h e  Egyp t i an  env i ronmen t .  



A d e s c r i p t i o n  and flow diagram of a r e v e r s e  osmosis p l a n t  can be found i n  
10.2. The f i n a l  s p e c i f i c a t i o n s  f o r  t h i s  f i e l d  t e s t  w i l l  be d e f i n e d  a f t e r  
conp le t ion  of d e t a i l e d  s i t i n g  and eng ineer ing  design s t u d i e s .  The major 
components of t h i s  f i e l d  t e s t  i n c l u d e :  

(1) a  26kWp W system. 

( 2 )  A 10 t o  20  da day f r e s h  water c a p a c i t y  reverse  osmosis u n i t  capable  
of d e s a l i n a t i o n  of t h e  approximately 12,000 PPM brack i sh  water from t h e  
holding t anks  a t  E l  Kasr. The u n i t s  w i l l  he shop-assembled a t  t h e  f a c t o r y  
wi th  both t h e  p r e - t  reatment and reverse  osmosis systems skid-mounted f o r  
t r a n s p o r t a t i o n  o n  a s t andard  t ruck  and f o r  i n s t a l l a t i o n  on a l e v e l  concre te  
s l a b  such t h a t  p i p i n g  connec t ions  can be made i n  l e s s  t b a n  a  week. 

( 3 )  A f r e s h  water  s t o r a g e  t ank .  

( 4 )  Piping from t h e  b rack i sh  water ho ld ing  tank t o  t h e  pump l o c a t e d  on a  
p a r t  of t h e  r e v e r s e  osmosis u n i t .  

( 5 )  Brine d i s c l ~ a r g e  p i p e  t o  t h e  Mediterranean o r  t o  an evapora t ion  pond 
( i f  t h a t  opt ion i s  s e l e c t e d ) .  

( 6 )  ~ r a n s f o r m e r s ,  swi tches ,  meters and wi r ing  connect ing t h e  d e s a l i n a t i o n  
e l e c t r i c a l  u n i t s  from t h e  11 kV g r i d .  

( 7 )  A h u f f c r  s t o r a g e  system a s  required f o r  o p e r a t i o n s  and a  degree  of 
autonomy. 

A d e t a i l e d  eng ineer ing  design s tudy w i l l  be conducted dur ing  t h e  f i r s t  
phase of t h e  f i e l d  t e s t  t o  conf igure  an optimum solar-powered d e s a l i n a t i o n  
system. Other s o l a r  and d e s a l i n a t i o n  t echnolog ies ,  e .  g. ,  wind, s o l a r  thermal ,  
e l e c t r o d i a l y s i s  and s o l a r - d i e s e l  hybr ids ,  w i l l  be i n v e s t i g a t e d  t o  determine 
t h e  bes t  t e c h n i c a l  system concepts ,  given a c t u a l  s o l a r  energy r e s o u r c e s  and 
i n p u t  water q u a l i t y  d a t a  f o r  s p e c i f i c  s i t e  l o c a t i o n s .  Level ized c o s t s  p e r  
cub ic  meter of po tab le  water produced w i l l  be c a l c u l a t e d  a s  a  c r i t e r i o n  f o r  
economic f e a s i b i l i t y .  Following a  c r i t i c a l  des ign  review of cand ida te  
concepts ,  an eng ineer ing  des ign  w i l l  be prepared f o r  t h e  f i e l d  t e s t .  

~t i s  a n t i c i p a t e d  t h a t  t h e  a c t i v i t i e s  and t a s k s  a s s o c i a t e d  with t h i s  f i e l d  
t e s t  w i l l  be combined with those  i n  the  wind-powered d e s a l i n a t i o n  f i e l d  t e s t  
( s e c t i o n  1 0 )  under one c o n t r a c t ,  compet i t ively  awarded t o  a  U .S. eng ineer ing  
corpora t ion  

System Schematic 

A t y p i c a l  schematic f o r  t h e  W-powered reverse  osmosis d e s a l i n a t i o n  system 
i s  shown i n  Figure  3 .  



S i t i n g  In fo rma t  i o n  

The r e v e r s e  o S ~ O S ~ S  u n i t  w i l l  be l o c a t e d  n e x t  t o  t h e  e x i s t i n g  t r a n s f o r m e r  
which i s  a d j a c e n t  t o  t h e  b r a c k i s h  wa te r  h o l d i n g  t a n k s  ( F i g u r e  4 )  i n  

t h e  c e n t e r  of t h e  v i l l a g e  of E l  Kasr .  E l  Kasr  is  l o c a t e d  on t h e  i n l a n d  s i d e  
of t h e  sand  dunes  a l o n g  t h e  Med i t e r r anean  Sea a b o u t  25 kms wes t  of Matruh. 
The w system w i l l  be l o c a t e d  i n l a n d  of t h e  sand dunes ,  d i r e c t l y  west  of t h e  
e x i s t i n g  b r a c k i s h  water  pumj?in¶ s t a t i o n  a t  E l  Kasr  ( s e e  fo reg round  i n  F i g u r e  
5 ) .  The b r i n e  from t h e  r e v e r s e  0smosis  u n i t  w i l l  be pumped t h e  0 .5  km n o r t h  
t o  t h e  s e a  f o r  d i s c h a r g e  o r  t o  a  p l a s t i c - l i n e d  pond f o r  e v a p o r a t i o n .  

System Techn ica l  Data and Design S p e c i f i c a t i o n  

F igu re  6 p r e s e n t s  a  t y p i c a l  p l o t  l i lyout  and F i g u r e  7 p r e s e n t s  t e c h n i c a J  
s p c c i f i c a t i o n r ,  f o r  r rvcrncb  ozmoni..: zyntcni df.r,j qncd  for ncaw,it cr hav ing  35,000 
PPM t o t a l  d i s s o l v e d  s o l i d s .  l 'he p r e s s u r e  w i l l  be reduccd t o  accommodate t h e  
12 ,000  PPM b r a c k i s h  w a t e r .  C a l c u l a t i o n s  t o  o b t a i n  d a t a  s i m i l a r  t o  t h o s e  
p r e s e n t e d  w i l l  be made a f t e r  a  b r a c k i s h  wa te r  sample i s  o b t a i n e d  and ana lyzed .  

A 10-20 m3/day u n i t  w i l l  weigh a b o u t  7 t o n s ,  i s  a b o u t  3.0 me te r s  l ong ,  
2 .0  m e t e r s  wide, and  3.5 m e t e r s  h igh .  A r e v e r s e  osmosis  sys tem f low diagram 
i s  shown i n  F i g u r e  8. 

Design,  Development , I n s t a l l a t i o n ,  and T e s t i n g  Requirements  

T h i s  PV-powered r e v e r s e  osmosis  sys tem t o  produce  f r e s h  w a t e r  from 
b r a c k i s h  wa te r  u s e s  l ow- r i sk ,  proven technology.  The system would make f u l l  
u s e  of t h e  e x p e r i e n c e  a c q u i r e d  i n  t h e  U.S. from d e s i g n i n g ,  m a i n t a i n i n g ,  and 
e v a l u a t i n g  t h e  sys tem performance of PV u n i t s  and p r o d u c t i o n  r e v e r s e  osmosis  
sys tems w e r  t h e  l a s t  f o u r  y e a r s .  TO maximize t h e  r e l i a b i l i t y  and r educe  t h e  
maintenance ,  t h e  system w i l l  u s e  proven hardware c o n c e p t s .  T h i s  w i l l  be one  
of the f i r s t  PV-powered r e v e r s e  osmosis  sys tems and,  because  o p e r a t i o n  w i l l  
u l t i m a t e l y  be r e q u i r e d  wi th  a  minimum of d e t a i l e d  t e c h n i c a l  a t t e n t i o n ,  t h e  
implementa t ion  p l a n  shown f o r  t h e  f i e l d  test i n c o r p o r a t e s  U.S. assembly,  
check-out  and t c s t i n g  of  c r i t . i c a l  nyt:tcm e l emen t s .  T h i s  w i l l  a l l o w  e v a l u a t i o n  
and m o d i f i c a t i o n ,  i f  r e q u i r e d ,  p r i o r  t o  shipment t o  Egypt. 

Moni tor ing  and Eva lua t ion  Data Requirements  

The f i e l d  t e s t  w i l l  i n c o r p o r a t e  i n s t r u m e n t a t i o n  which w i l l  a l l o w  t h e  
s y s t e m  e f f i c i e n c y  ( i e  , i n s o l a t i o n  energy  a v a i l a b l e  v e r s u s  f r e s h  wa te r  
o u t p u t )  t o  be  de termined.  The i n s t r u m e n t a t i o n  i s  expec ted  t o  i n c l u d e  s e n s o r s  
t o  measure i n s o l a t i o n ,  and t e m p e r a t u r e  a s  w e l l  a s  a  wa te r  m e t e r  and a  
r e c o r d e r .  I n  a d d i t i o n ,  s t a t emen t$  of equipment f a i l u r e s ,  i f  any ,  and/or  
m a l f u n c t i o n s  w i l l  be logged. 



'31e r e q u i r e d  ac t - iv i  ties t o  irnplrxmcnt t h c  project a r r !  l i s t e d  h e 1 . o ~  a n d  o n  
t h e  s c h e d u l e  i n  F i g l i r e  9. 

(1) S i t e  s e l e c t i o n ,  c o n c m t u a l  d e s i g n ,  a n d  s p e c i f i c a t i o n s  

( 2 )  S y s t e m  d e s i g n  a n d  e n g i n e e r i n g  

( 3 )  H a r d w a r e  p r r > c i l ~ - - r n ~ n + .  and  m a n u f a c t u r e  

( 4  ) U.S. s y s t e m  c r i t i c o  I. e l e m e n t ,  i n s t a l l a t i o n ,  c h e c k - o u t  a n d  t e s t  

( 5  ) D i s a s s e m b l \ r ,  p a c k i n g  a n d  s h i p m e n t  
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Figure 3 .  Baseline Photovoltaic Powered Reverse  O s m o s i s  
Desalination System Schematic 



Figure 4.  Brackish Water Molding Tanks at El Kasr 

Figure 5. View Looking North of Potential 
Photovoltaic System S i t e s  a t  
E l  Kasr 
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Figure  6. Typical Reverse O s m o s i ~  Layout 
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Figure 7. Typical Reverse Osmosis 
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Figure  8. R e v e r s e  O e m o e i s  Flow Diagram 



( 6 )  P r e p a r a t i o n  of o p e r a t i o n a l  a n d  t r a i n i n g  m a n u a l s  

( 7 )  E g y p t i a n  s i t e  work,  c o n s t r u c t i o n  and  i n s t a l l a t i o n  

( 8  ) Check-out , s t a r t - u p  and  t r a i n i n g  

( 9 )  System o p e r a t i o n ,  m o n i t o r i n g  and e v a l u a t i o n  

p a t t a r a  and t 1 1 c .  G o v r r n o r a t c  M i n i s t r i e s  o f  Supp ly  and  E l e c t r i c i t y  f o r  
Mpr r ,a  Matnlh w j  I 1  t)cx r r f o r  t-he fii t c  s e l e c t i o n  and p r e p a r a t i o n ,  
sy s t em o p e r a t i o n ,  m o  I o? I I i~ncl c.val!lation a c t  i v i  t i  c s  of t h e  p r o j e c t ,  w i t h  
technics 1  a s s i s t a r l c c b  f 1 om t llc U. S. c o n t r a c t o r ' .  A U. S. c o n t r a c t o r ,  u n d e r  t h e  
d i r e c t i o n  of t h e  L J -  S. 12ield T e s t  P r o j e c t  Managcr and work ing  . i n  c o o p e r a t i o n  
w i t h  Egyp t i an '  c o u n t e r p a r t s ,  sha l .1  br! r e s p o n s i b l e  f o r  t h e  t h e  d e v e l o p m e n t .  of 
sy.+arn s p e c i f ;  c a t i o n s  s u i t a b l e  f o r  t h e  s o l i c i t a t i o n  of b i d s  f o r  t h e  
procurcmc:nt , c!rlc~inccr.irlg (1c.ci qn and i n c t o l  l a t  i on  of a l l  P r o j e c t  equ ipment .  
The U. S .  P r o j e c t  Manager,  work ing  i n  c o o p e r a t i o n  w i t h  t h e  M i n i s t r i e s  an d  
u s i n g  o u t p u t s  of t h e  d e s i g n  a c t i v i t y ,  s h a l l  p r o c u r e  u n d e r  A I D  r e g u l a t i o n s  t h e  
s e r v i c e s  of a  U.S. c o n t r a c t o r  f o r  t h e  s u p p l y  of t h e  p r o j e c t  ha rdware ,  U.S. 
i n s t a l l a t i o n  and t e s t ,  p a c k i n g ,  s h i p p i n g ,  Egyp t i an  i n s t a l l a t i o n  and  t r a i n i n g .  

The U.S. c o n t r a c t o r  s h a l l  a l s o  f u r n i s h  a n d  i n s t a l l  t h e  r e v e r s e  o s m o s i s  
u n i t  and i n s t r u m e n t a t i o n  package .  AS p a r t  o f  t h e  U.S. c r i t i c a l  s y s t e m  e l e m e n t  
t e s t ,  t h e  U.S. c o n t r a c t o r  s h a l l ,  i f  t h e  sys tem d o e s  n o t  meet s p e c i f i c a t i o n ,  
mod i fy  and r e t e s t  t h e  ha rdware  t o  s p e c i f i c a t i o n  b e f o r e  sh ipmen t .  I n  a d d i t i o n ,  
t h e  U .S. c o n t r a c t o r  s h a l l  p r e p a r e  and  f u r n i s h  o p e r a t i o n a l ,  m a i n t e n a n c e ,  and  
t r a i n i n g  manuals  of s u f f i c i e n t  d e t a i l  t h a t  t h e  o p e r a t i o n  and  s e r v i c e  of t h e  
s y s t e m  c a n  be  accompl i shed  by E g y p t i a n s .  

The U. S .  P r o j e c t  Manager,  working i n  c o o p e r a t i o n  w i t h  t h e  m i n i s t r i e s ,  
s h a l l  d . i r e c t  t h e  U.S. c o n t r a c t o r  i n  t h e  i n s t a l l a t i o n  of t h e  f i e l d  t e s t .  ~t i s  
e x p e c t e d  t h a t  the U.S. c o n t r a c t o r  w i l l  select and s u b c o n t r a c t  t o  a n  E g y p t i a n  
c o n t r a c t o r  t h e  s i t e  p r e p a r a t i o n ,  c o n s t r u c t i o n  a n d  f o u n d a t i o n  work. The U . S .  
c o n t r a c t o r  s h a l l  be r e s p o n s i b l e  f o r  t h e  s u c c e s s f u l  check-out  and  s t a r t - u p  of 
t h e  sys tem.  H e  s h a l l  a l s o  t r a i n  s i t e  p e r s o n n e l  and  s t a f f  members of t h e  
m i n i s t r i e s  and an  a s s i g n e d  s i t e  manager i n  t h e  o p e r a t i o n  and ma in t enance  of 
t h e  sys tem.  

The U.S. c o n t r a c t o r  s h a l l  v i s i t  t h e  i n s t a l l a t i o n  p e r i o d i c a l l y  d u r i n g  a  
two-year  o p e r a t i o n s  p e r i o d  f o r  t h e  p u r p o s e  of e n s u r i n g  t h a t  t h e  sy s t em i s  i n  
good o p e r a t i n g  c o n d i t i o n .  The c o n t r a c t o r  and s i t e  manager s h a l l  p e r f o r m  
s c h e d u l e d  ma in t enance  a c t i v i t i e s  and e f f e c t  sy s t em r e p a i r s ,  a s  r e q u i r e d .  The 
s i t e  manager s h a l l  b e  r e s p o n s i b l e  for  t h e  c o l l e c t i o n  and  e v a l u a t i o n  of a l l  

BEST AVAILABLE COPY 



Figure 9.  Schedule 

1 2 3 4  1 2 3 4  - 
YEARS BY QUARTER 

ACTIVITY 1 2 3 4  1 2 3 4  1 2 3 4  - 
(1) S i t e  Select ion,  Conceptual  

Design, and Specif icat ions 

(2)  S y s t e m  Design and 
Engineer ing 

(3) ~ a r d w a r e  P r o c u r e m e n t  and  
Manufacture 

-- 

- 

(4) U. S. S i t e  Work, Instal lat ion,  
Checkout, and T e s t  

(5) Disaseembly,  Packing,  
and  Shipment 

(6) P r e p a r a t i o n  of Operat ional  
and  Training Manuals 

(7) Egyptian S i t e  Work, Con- 
s t ruc t ion  and Instal lat ion 

(8) Checkout, Startup,  and 
Tra in ing  

(9) S y s t e m  Operat ion,  Monitoring,  
and Evaluation 

4 
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p r o j e c t  d a t a .  l'hc 11. S .  1'ro:jcc:t M a n a g e r ,  t h e  min i  s t r ies ,  a n d  t h e  r i t e  manager  
s ? l d l l  p r e p a r e  p r o g r e s s  r c p o r t f i  and  a f i n a l  r e p o r t .  T h i s  f i n a l  r e p o r t  s h a l l  
p r e s e n t ,  a s  a  minimum: 

(1) An i t e m i z e d  a c c o u n t  o f  a l l  project  e x p e n s e s ;  

( 2 ) The c o l l e c t e d  m o n i t o r i n g  d a t a  ; 

( 3 )  S t a t e m e n t s  o f  e q u i p m e n t  f a i l u r e s  and  m a l f u n c t i o n s ;  

( 4 )  A c h a r a c t e r i z a t i o n  of t h e  s i t e  i n s o l a t i o n ,  t e m p e r a t u r e ,  a n d  wind 

r e g i m e  ; 

( 5 )  Recommendat ions  as t o  t h e  s u i t a b i l i t y  o f  s u c h  s y s t e m s  f o r  u s e  i n  t h e  
E g y p t i a n  c o n t e x t  a n d  , 

( 6 )  Recommendat ions  f o r  m o d i f i c a t i o n s  t o  t h e  s y s t e m  which m i g h t  i m p r o v e  
t h e  s y s t e m  o p e r a t i o n  i n  t h e  E g y p t i a n  e n v i r o n m e n t .  

8 .4  FIELD TEST COST ESTIMATE 

The field t c s t  c o s t  j s  e s t i m a t e d  t o  be $ 1 , 9 7 0 , 0 0 0 .  The m a j o r  e l e m e n t s  a r e  
i t e m i z e d  b(:low. 

COST 

Sys tem D e s i g n  a n d  E n g i n e e r i n g  
Equipment  FDB M a n u f a c t u r e r  
u .S.  S i t e  Work, Assembly ,  I n s t a l l a t i o n ,  

and T e s t  
O p e r a t i o n  a n d  M a i n t e n a n c e  Manua l s  
P a c k i n g  a n d  S h i p p i n g  
E g y p t i a n  S i t e  Work a n d  I n s t a l l a t i o n  
Check-out  a n d  S t a r t - u p  ( 3  m o n t h s )  
Sys tem O p e r a t i o n ,  M o n i t o r i n g  a n d  E v a l u a t i o n  ( 2  y r s )  

TOTAL 
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W I N D  POWER APPLICATIONS 

9. VILLAGE W I N D  POWER SYSTEM 

9.1 INTRODUCTION 

Background 

There a r e  many o u t r e a c h  v i l l a g e s  i n  Egypt which t h e  Government of 
~ g y p t  (GoE) wishes  t o  e l e c t r i f y .  U n f o r t u n a t e l y ,  t h e  e x i s t i n g  g r i d  w i l l  n o t  be 
extended t o  many of t h e s e  v i l l a g e s  because  of t h e  d i s t a n c e  i n v o l v e d  and t h e  
r e l a t i v e l y  sma l l  s i z e  of t h e s e  v i l l a g e s .  Renewable s o l a r  ene rgy  o f f e r s  a n  
a l t e r n a t i v e  t o  g r i d  i n t e r c o n n e c t s .  Wind cn r rqy  ir; juclqcc-1 t o  hp a v ia ) , l e  
sr,uy-ce of e l e c t r i c a l  erlc!ryy. A ~i q n i f i c n n t  nwnllnt. of wind d a t a  waF; made 
a v a i l a b l e  d u r i n g  t h e  in-country  v i s i t .  A a  a r e s u l t ,  s m a l l  wind ene rgy  
conver s ion  sys tems (WECS) may supp ly  a S u f f i c i e n t  amount of e l e c t r i c i t y ,  
s a t i s f y i n g  v i l l a g e  needs.  ' 

An o u t r e a c h  v i l l a g e  energy requi rement  was chosen t o  be abou t  50 kw 
hr /day though a  somewhat Smal ler  energy requireRtent of 1 0  kw hr/day was a l s o  

examined. 

The f i e l d  t e s t  of wind energy convers ion  systems would be l i m i t e d  to 
wind t u r b i n e s  of abou t  20 kw r a t e d  o u t p u t  ( a b o u t  10 meter  d i ame te r  b l a d e s ) .  
Eva lua t ion  of t h e s e  sma l l  sys tems,  i n  t h e  Egyptian environment,  w i l l  h o p e f u l l y  
l e a d  t o  r e p l i c a t i o n s  and upgrading t o  meet t h e  needs  of many more Egypt ian  
o u t r e a c h  v i l l a g e s ,  both  small and l a r g e .  

Summary D e s c r i p t i o n  

The proposed f i e l d  t e s t  is f o r  a  wind energy conver s ion  sys tem (WECS) 
which  would supp ly  e l e c t r i c a l  energy t o  an  o u t l y i n g  Egypt ian  v i l l a g e .  The 
Egyptian v i l l a g e  chosen f o r  t h e  f i e l d  tes t  of t h e  WECS would have t h e  r e q u i r e d  
envi ronmenta l  and t e c h n i c a l  c o n d i t i o n s  judged b e n e f i c i a l  t o  t h e  f i e l d  t e s t i n g  
and e v a l u a t i o n  of Egyptian v i l l a g e  power wind energy conver s ion  systems.  A s  
env i saged ,  t h e  WECS w i l l  supply  t h e  t o t a l  o r  a  p o r t i o n  of t h e  b a s i c  v i l l a g e  
energy needs.  A small d i e s e l  g e n e r a t o r  would be used as a back-up energy 
s o u r c e  f o r  t h e  f i e l d  t e s t .  The WECS a p p l i c a t i o n  w i l l  be implemented th rough  a  
tu rnkey  system from U.S. c o n t r a c t o r s .  The GOE w i l l  f u r n i s h  a n  e l e c t r i c a l  
d i s t r i b u t i o n  network i n  t h e  v i l l a g e ,  p r e p a r e  t h e  s i t e  and p a r t i c i p a t e  i n  t h e  
o p e r a t i o n  of t h e  i n s t a l l e d  system. T h i s  d i r e c t i o n  i s  r e f l e c t e d  i n  t h e  p r o j e c t  
methodology 

9.2 APPLICATION DESCRIPTION 

O b j e c t i v e s  

The o b j e c t i v e s  of t h e  proposed WECS i n s t a l l a t i o n  are t o :  
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( 1) y e s t  ilnrl rlr-monstl'ate t h e  t e c h n i c a l  f c a s i h i  l i t y  of starld a l o n e ,  
b ; i  n c ] - p o w e ~ d  s y s t - c m ~  i l l  Eqypt;  

( 2 )  Monitor t h e  ov(!l-aI.1 s y s t e m  ef f i c i e n c i e n ;  

( 3 )  P r o v i d e  a c t u a l  opcrrat ion a n d  maintenance e x p e r i e n c e  f o r  s t a n d  a l o n e  

wind-powered s y s t e m s  ; 

( 4  ) E v a l u a t e  t h e  economics of s t a n d  a l o n e ,  wind-poc1cr~a svs tqms i n  a n  
Egyp t i an  c o n t e x t ;  a n d  

( 5 )  I d e n t i f y  p o t e n t i a l  m o d i f i c a t i o n s  t o  t h e  s t a n d  a l o n e  System which 

migh t  b e t t e r  a d a p t  t h e  sys tem t o  t h e  Eqyp t i an  envi ronment .  

Concept D e s c r i p t i o n  

The a p p l i c a t i o n  s i t e  of wind e n e r g y  was n o t  i d e n t i f i e d  AurincJ t h e  
i n - c o u n t r y  v i s i t .  However, many s i t e s  were  judqcd t o  e x i s t  i n  Ec~ypt .  Data 
which would have p e r m i t t e d  a  s p e c i f i c  WECS t o  he des igned  were n o t  a v a i l a b l e  
a n d  t h e  f o l l o w i n q  a s s u m t i o n s  a n d  c o n d i t i o n s  have  k e n  a p p l i e d  t o  t h e  w X S  
d e s i g n  i n  o r d e r  t o  p e r m i t  i n i t i a l  deve l q ~ m e n t  of  t h e  a p p l i c a t i o n :  

1. Two g e n e r i c  s i t e s  were chosen  f o r  a n a l y s e s ,  one  hav ing  a h igh  wind 
r ~ q i m c *  approximat ing  t h a t  a t  a s i t e  w i t h  a d e q u a t e  wind ene rqy  and 
a n o t h e r  c i t e  havinq  a  low wind reqime p r o f i l e .  The wind p r o f i l e s  
anal:pzed a r A  t h o s e  shown i n  F igu re  1. 

2 .  The wind t u r b i n e  chosen h a s  a  c a p a c i t y  f a c t o r  of 5.2% f o r  t h e  low 
wind regime s i t e  and a c a p a c i t y  f a c t o r  of 13.0% f o r  t h e  h i q h  wind 
regime s i t e .  Though t h e  chosen c a p s c i t y  f a c t o r s  a r e  l e s s  t h a n  
normal ly  used  i n  WECS s i z i n g ,  t h e y  r e p r e s e n t  t h o s e  a t t a i n a b l e  u s i n q  
Egyp t i an  wind regime d a t a  a v a i l a b l e  t o  t h e  p r o j e c t  p l a n n e r s .  F i g u r e  
2  shows t h e  annua l  e n e r g y  available from v a r i o u s  s i z e  wind t u r b i n e s  
a t  t h e  two g e n e r i c  wind s i tes d i s c u s s e d  above.  

3. The v i l l a q ~  energy rc?quirements c o n s i d e r e d  a r e  t h o s e  r e p r e s e n t a t i v e  
of  two Egyp t i an  v i l l a g e s .  The f i r s t  r e q u i r e s  50 kw h r /day  a n d  t h e  
o t h e r  r equ i r r ?  s s u b s t  a n t i a l l y  less,  1 0  kwhr/day ( 18.25 mw-hr/yr. aq.7 
3.65 mw-hr/yr re s p e c t i w l y )  . F i g u r e  2  c o n t a i n s  t h e s e  v i l l a g e  e n e r q y  
r e q u i r e m e n t s  a s  h o r i z o n t a l  l i n e s  l a b l e d  "enerqv needs A "  and "ene rgy  
needs  B . " 

4 .  A s m a l l  ( 4  kw) d i e s e l  back-up i s  proposed  f o r  t h e  f i e l d  t e s t ,  s h o u l d  
t h e  WECS system f a i l  t o  supp ly  c r i t i c a l  e n e r g y  needs  of  t h e  
v i l l a g e .  The d i e s e l  i s  n o t  c o n s i d e r e d  p a r t  of t h e  WECS. 

5 .  E f f i c i e n c y  of t h e  power t r a n s f e r  ne tworks  and s t o r a g e  sys tem f o r  t h e  
W C S  was assumed t o  be 100%. 

6 .  I t  i s  assumed t h a t  the stand a l o n e  FECS w i l l  supply A.C. povTer t o  a n  
e x i s t i n g  v i l l a g e  d i s t r i b u t i o n  network which w i l l  n o t  be expanded. 



HOURS PER YEAR 

FIGURE 1, WJND DURATION CURVES 



WIND TURBINE NAME PLATE RATING, kW 

FIGURE 2, WIND TURBINE P.ND VILLAGE ENERGY NEEPS 
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( 7 )  A lead-acid s torage System w i l l  provide f o r  th ree  days of energy 
storage and s h a l l  be considered a s  p a r t  of the WECS. 

( 8 )  The a c t i v i t y  re la ted  t o  t h e  choice of a  proper s i t e  i s  not  included 
i n  cos t ing  or scheduling por t ions  of t h i s  paper. 

Schematics 

Figure 3 i l l u s t r a t e s  the concentual ( l e s iq  of the Propo~eP system. 

S i t ing  Information - 

A s i t e  f o r  the  Field Test has, a s  y e t ,  not been selected.    ow ever, the 
chosen s i t e s  w i l l  have an enclosed area t o  house the ba t t e ry  s torage,  hack-uD 

. d iese l  and e l ec t ron ic  controls .  Also a d i s t r i b u t i o n  network and des i red  loads 
must be i n  place p r i o r  t o  i n s t a l l a t i o n  of the  WECS. 

The proper choice of a  s i t e  f o r  the  WECS f i e l d  t e s t  s h a l l  he made b.7 
USAID with subs tan t i a l  inputs  from Q a t t a r a ,  GOE Minis t r ies ,  s i t e  o f f i c i a l s  and 
the U. S. Projec t  Manager. The basic  c r i t e r i a  fo r  the se l ec t ion  s h a l l  h: 

1) Technical da ta  avai lable f o r  s i t e  
a. Wind Regime 
b. Load demands of v i l l age  

2 )  Rep1 i ca t ion  potent ia l  
a .  Proximity of other po ten t i a l  applicat ion s i t e s  
b. Avai labi l i tv  of grid Dower, present o r  fu ture  
c  . Exposure t o  decision-ma kers 

3) Non-Technical policy f ac to r s .  

System Technical Data and Design Specif icat ions 

Figure 2 can be used a s  a  rough est imate of the  s i z e  of the  wind turh ine  
needed. I t  can be seen t h a t  the WECS wind turhine s i z e  va r i e s  from about 3 kw 

t o  40 kw. 

For fu r the r  analys is  only two systems s h a l l  be considered - a  4 kw and a  
20 kw wind turb ine  placed i n  a  v i l lage  having a  high wind regime. 

The two WCCS's s h a l l  s a t i s f y  the following c r i t e r i a :  

Rated o u t p t  
Cut-in speed 
Survival wind speed 
En vi mnment 
E l e c t r i c a l  O u t p t  

St orage 

4 k w  - 
4 kw @ 12 m/sec 
3.6 m/sec 
45 m/sec 
Sand + Marine 
D.C. from turbine  
220 VAC t o  Load 
3  days 

3.6 m/sec 
4 5  m/sec 
Send + Marine 
D.C. from turbine  
220 VAC t o  Load 
3 days 



F IGURE 3, COFICEPTUAL DESIGrI 

I 

ANEMOMETER 

, 

G EN 
Dm C, 

4 

MECH, 
D R I V E  

I 

Back-up 
D i e s e l  

i 

. 

L 

CONTR 
PANEL 

R ~ C O R D E R  
m 

C 

AaCa 2 
KW-HR LOAD 

I *  

I 
m 
4 

BATTER I E S  
I N V E R T *  

KW-HR 

I RECT,  KW-HR 
f- 



B-65  

D e t a i l e d  Design,  Development, I n s t a l l a t i o n ,  and T e s t i n g  Requirements  

System Design and Eng inee r ing  - A U-S. c o n t r a c t o r ,  under  t h e  d i r e c t i o n  of 
t h e  U.  S. P r o j e c t  Manager and working i n  c o o p e r a t i o n  wi th  t h e  QHREA s h a l l :  

( 1) Design t h e  WECS, hack-up, and i n s t  rumen ta t ion  sys t ems ;  

( 2 )  Design t h e  b a t t e r y / i n s t r u m e n t  e n c l o s u r e ;  and 

( 3 )  Develop sys tem s p e c i f i c a t i o n s  which a r e  s u i t a h l  e  f o r  t h e  s o l i c i t a t i o n  
of b i d s  f o r  t h e  procurement and i n s t a l l a t i o n  of a l l  p r o j e c t  equipment.  

Equipment FOB Manufacturer  - The U .  S .  P r o j e c t  Manager, working i n  
c o o p e r a t i o n  wi th  t h e  QHREA and u s i n g  t h e  Output6 from t h e  System Design 
a c t i v i t y ,  s h a l l  p r o c u r e ,  under  A I D  r e g u l a t i o n s ,  t h e  s e r v i c e s  of a U.S.  
c o n t r a c t o r  f o r  t h e  supply  of p r o j e c t  hardware, i n s t a l l a t i o n  and t r a i n i n g .  The 
U.S. c o n t r a c t o r  s h a l l  i n s t a l l  t h e  WECS, i n c l u d i n g  f o u n d a t i o n ,  and make t h e  
f i n a l  connec t ions  t o  t h e  d i s t r i b u t i o n  system. The c o n t r a c t o r  s h a l l  a l s o  

i n s t a l l  t h e  i n s t r u m e n t a t i o n  package. 

Packing and Shipping - A f t e r  s a t i s f a c t o r y  f a c t o r y  tests by t h e  U.S. 
c o n t r a c t o r ,  t h e  WECS s h a l l  be packed and sh ipped  t o  t h e  chosen Egyp t i an  s i t e .  

Egyptian S i t e  Preparation - The U -  S. P r o j e c t  Manager, working i n  
c o o p e r a t i o n  wi th  t h e  QHREA and t h e  s e l e c t e d  U.S. c o n t r a c t o r ,  s h a l l  d i r e c t  t h e  
i n s t a l l a t i o n  of t h e  WECS and t h e  b a t t e r ~ / i n s t r u m e n t  e n c l o s u r e  a c c o r d i n g  t o  t h e  
d e s i g n  p repa red  by t h e  System Designer .  Q a t t a r a  w i l l  be charged wi th  t h e  
c o n s t r u c t i o n  of t h e  b a t t e r y / i n s t r u m e n t  enc losu re .  

System S t a r t - u p  and T r a i n i n g  - The U.S. c o n t r a c t o r  s h a l l  be r e s p o n s i b l e  
f o r  the s u c c e s s f u l  s t a r t - u p  of t h e  WECS- The c o n t r a c t o r  s h a l l  a l s o  t r a i n  
personnel  of t h e  M i n i s t r y  of E l e c t r i c i t y  and v i l l a g e  r e p r e s e n t a t i v e s ,  i n  t h e  
q e r a t i o n  and maintenance of t h e  WECS and p r o v i d e  i n s t r u c t i o n  manuals  t o  
v i l l a g e  r e p r e s e n t a t i v e s  and t h e  QHREA. 

System Moni tor ing ,  Eva lua t ion  and Opera t ion  - The U.S. c o n t r a c t o r  s h a l l  
visit  t h e  i n s t a l l a t i o n  eve ry  S i x  months f o r  a  p e r i o d  of 2  y e a r s  a f t e r  
i n s t a l l a t i o n  f o r  t h e  pu rpose  of e n s u r i n g  t h a t  t h e  system i s  i n  good o p e r a t i o n  
c o n d i t i o n ,  p e r f  o m  scheduled  maintenance and e f f e c t  system r e p a i r s .  Q a t t a r a  
s h a l l  be r e s p o n s i b l e  f o r  t h e  c o l l e c t i o n  and e v a l u a t i o n  of a l l  p r o j e c t  d a t a  
and,  i n  c o o p e r a t i o n  wi th  t h e  U. S -  P r o j e c t  Manager, p r e p a r e  p r o g r e s s  r e p o r t s  
and t h e  f i n a l  p r o j e c t  r e p o r t -  Th i s  f i n a l  r e p o r t  s h a l l  p r e s e n t ,  a s  a  minimum: 

(1) An i t emized  accoun t  of  a l l  p r o j e c t  expenses ;  

( 2 )  The moni to r ing  d a t a  c o l l e c t e d ;  

( 3 )  Sta temen t s  of equipment f a i l u r e s  and/or  ma l func t ions  ; 
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( 4 )  A c h a r a c t e r i z a t i o n  of t h e  s i t e  wind  req ime;  

( 5 )  Recommendation..: a s  t o  t h e  s u i t a b i l i t v  o' such  s y s t ~ m s  = o r  u s e  i n  

t h e  E g y p t i a n  c o n t e x t ;  a n d  

( 6 )  ~ e c o m m e n d a t i o n s  a s  t o  m o d i f i c a t i o n  t o  t h e  WECS which migyt  better  
a d a p t  t h e  WTG t o  t h e  E g y p t i a n  e n v i r o n m e n t .  

Mon i to r i nq  an? ? v a l u a t i o n  Dat.a Requ i r emen t s  --- - - -- - - - -- --- 

The nro j c c t  w i  1 1  p r r l v '  (1- i n.+.r~~ni?nt.;.t-i.on %.!hi ch t?i I1 a ? . 1 ~ 1  t h e  hRCS 
, ,rfi c i  ( 2  m y  (wi r ~ t l  , .n( . r '1y  av;r i  1 ;1b1f. . r?I.c:r-1-ri ca 1 c n e r q v  p r o i l l ~ c c ? )  t o  h e  
dc.tarm.;ncd. T!IC i r:n+ ~ - l l s~ r t n l . a t i on  i s  a x p c c t e d  " o i n c l l l d ~  t b ~ a  k:,?hl- m e t . r ) r c ; ,  an 
anelnometer a n d  a r e c o r ~ j e r .  I n  a d d i t i o n ,  s t a t e m e n t s  o f  equ ipmen t  f a i l u r e s  a n ?  
malfunctions s t -nr~ld  lopgecl t c q e t h e r  w i t h  t'?e amount oC f u e l  u s e J  For tho 
d i r : : e l  a n d  i t s  o p e r a t i n q  time. 

O r q a n i z a t i o n a l  E l e m c n t s  a n d  R e s p n s i h i l i t i e s  - --------.--- ---- 

Q a t t a r a  a n d  t h e  G o v e r n o r a t e  a u t h o r i t i e s  f o r  t h e  s i t e  c h o s e n  w i l l  be  
d  i n  t h e  s i t e  p r e p a r a t i o n  and s y s t e n  m o n i t o r i n g ,  eva l . ua t i on  and 
o p e r a t i o n a l  a c t i v i t i e s  o f  t h e  p r o j e c t .  A U . S .  c o n t r a c t o r ,  u n d e r  t h e  d i r e c t i o n  
of t \e  U.  S. F r o  j e c t  Vanager and work inq  i n  c o o n e r a t i o n  w i t ?  t h e  507 
c o u n t e r p a r t ,  w i l l  be i n v o l v e d  i n  t h e  r e m a i n i n g  a c t i v i t i e s .  

S c h e d u l e  

~'-;e s c h e d u l e  nss1lmas n s i t e  has b c n  c h o s e n  prf or t n  s t ; r r t . i n q  rlptail-efl  
e n q i n e e r i n g  s v s t r m  d s s i q n  a ~ t i v i t i e  n. 

P!onths a f t e r  go-ahead -- 

Sys tem Design a n d  E n g i n e e r i n g  0 t o  4 months  a f t e r  go-ahead 
Harflwars Procurement  and FAB A t o  1 0  mont\s  
S  hippi ng 10 t o  1 2  months  
S i t e  P r e p a r a t i o n  I I  t o  1 3  months 
I n s t a l l a t i o n  a n d  S t a r t - u p  12 t o  1 3  months  
M o n i t o r i n g  ( 2  y r s .  ) 1 3  t o  37 mont'ls 

R e q u i r e d  A c t i o n s  

The r e q u i r e d  a c t i v i t i e s  t o  i np l emen t  t h e  p r o i e c t  ar? shown be low a d  
o n  t h e  s c h e d u l e  above :  

( 1 )  C h o i c e  of f i e l d  tes t  s i t e  

( 2 )  Sys tem Des ign  and E n g i n e e r i n g  

( 3 )  Equipment  FOR Manufac tu r e r  
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( 4 )  P a c k i n g  a n d  S h i p p i n g  

( 5  ) E g y p t i a n  S i t e  P r e p a r a t i o n  

( 6 )  P r e p a r a t i o n  o f  Operations 1 a n d  T r a i n i n q  Manual.<; 

( 7 )  C h e c k - o u t  an?  S t a r t - u p  

(8 ) s y s t e m  O p e r a t i o n ,  Mon!. toring,  a n d  E v a l ~ ~ a t i o n  ( 2  v e a r s )  

9.4 FIELD TEST COST ESTIMA!?T: 

Thc est i m a t c d  f i c l d .  t e s t  costs f o r  a 7? k w  Wpa? i r i  llarlp Power s ~ ~ + , - , , ~  
( w i t h  3 d a y  s t o r a g e  a n d  d i e s e l  bock-up)  a r e  shown h e l o w :  

S y s t e m  D e s i g n  & E n q i n e e r i n g  
E q u i p m e n t  FOB M a n u f a c t u r e r  
Manua 1 d e w  1 o p e  n t  
S h i p p i n q  
S i t e  P r e p a r a t i o n  a n d  I n s t a l l a t i o n  
S y r t  em S t a r t - U p  a n d  T . - a in ing  
M a i n t e n a n c e  & M o n i t o r i n g  ( 2  y r s )  

20  AV T u r b i n e  
$ 5 0 , 0 0 0  
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1 0. WIN D-PO!.JnRED REVEJ? SF: r)SPIO S I  S DEWINATION SYSTEM 

~ h p  e n t i r e  Red Sea  C.mrc?l-norate I .acks and urqcn t1 .v  n c e d s  = r ~ s h  wat-er f o r  
it-s  sent p o p l a t i o n  a n d  w i l l  r e q u i r e  a t r emendous  i n c r e a s e  i n  t h e  ~.rat-r 
s13pp1.~ t o  s ~ p p r t  qrowkh i n  t h e  r e a i o n -  P r e s e n t l y ,  t h e  G o v e r n o r a t e  c a p j t , ~ l  o r  
H u r g h a d a V s  s o l e  s o u r c e  of f r e s h  w a t e r  i s  a p i p e  l i n e  from nena .  Water  i s .  
al?.o:.red t o  f l o w  t o  buildings ( h o u s e s )  t h r e e  davs  a  week f o r  1 / 3  holir  o n  e a c h  
d a y .  Each h o u s e  p a y s  i E g y p t i a n  p i a s t r e s  f o r  t h e i r  a l l o t m e n t ;  however ,  
h e c a u s e  of  t h e  low \?a te ] -  p r e s s u r e  rrr2 at-ed w i t h  a 1 1  t a p s  o q e n  s i r n u l t i ? n e o ~ ~ s l ~ ,  
n o s t  homes d o  n o t  g e t  m o r e  t h a n  100  litres p e r  d e l i v e q .  A d d i t i o n a l  w a t e r  i s  
avai!.able from a town t a n k  f o r '  3 5  PT p e r  m 3  p l u s . a h o u t  1 LE f o r  d e l i v e r y .  
y-,e s a n e  p i p e l i n e  f r o m  Qena  s u p p l i e s  Sa f aga  .and a 6 i n c h  b r a n c h  l i n e  i s  h i n q  
e x t e n d e d  80km t o  Quse i r  ( f i v e  y e a r s  i n  p r o g r e s s  a n d  a t  l e a s t  two y e a r s  v e t  t o  
c o m p l e t e ) .  T h i s  l i n e  i s  a l s o  u s e d  t o  sunpl.7 w a t e r  b o a t s  f o r  d e 1 i v c r i . e ~  f rom 
Sa faga  t o  Quseir,  eren nice a n d  Marsa E l  Alam (see F i g u r e  1) .  C o s t  of  pumping 
w;,t.(:r f m m  S)c:na t o  Hurqhadn i s  about-. 1 - 1 3  IJE p e r  m3  which  d o e s  n o t  i n c l u d e  
tor;:. of pinc l . i r , c .  '!'h(! (:o!;t. of boat clrl  l.ver\r w ; l t e r  frorn Snfnq;l  t o  porC.s s o u t h  
i s  4-8 LE  p e r  m3. 

5,000-10,000 PPM b r a c k i s h  w a t e r  e x i s t s  a t  a  p h o s p h a t e  mine a t  ~1 
Hamrawein,  1 4 0  lan s o u t h  o f  Hurghada.  The mine  u s e s  t h i s  w a t e r  t o  s u p p l y  a  
200m3/day r e v e r s e  o s m o s i s  ~ : ~ s t r ? m  p r r ) v i  d i n 7  f r e s h  w a t e r  f o r  i ts  e a n l o y e e s .  A 
~ ~ ~ c h  s o l a r  d e s a l i n a t i o n  u n i t  a l s o  i s  i n s t a l l e d  at t h e  same s i t e .  I t  i s  
d e s i q n e d  t o  p r o d u c e  50m3/day. The s o l a r  s y s t e m  ( s e e  F i q u r e  2 )  was n o t  
o p e r a t i n g  d u r i n g  t h e  v i s i t -  A d d i t i o n a l  sna l l  w e l l s  e x i s t  500  lan below Hurgada 
a t  B i r  S h a l a t e i n .  

"he Red Sea  a r e a  was  i n c l u d e d  i n  a  wind s u r v e y  of Ygypt c o n d u c t e d  D r .  
Wi l l i am  Hughes o f  Oklahoma S t a t e  U n i v e r s i t y .  T h i s  work i n d i c a t e s  t h a t  t h e  Red 
Sea r e g i o n  and Hurghada ,  i n  p a r t i c u l a r ,  h a s  mode ra t e  v e l o c i t y  p r e v a i l i n q  
winds .  ~t i s  p s s i b l c ,  t h e r e f o r e ,  t o  h a r n e s s  this  wind e n e r q v  t o  power a 
r e v e r s e  o s m o s i s  d e s a l i n a t i o n  s \ r s tems  t o  f u r n i s h  f r e s h  w a t e r  f o r  t h e  r e g i o n .  

Summary D e s c r i p t i o n  

The p r o p o s e d  f i e l d  t e s t  i s  r e v e r s e  o s m o s i s  d e s a l i n a t i o n  n i l o t  p l a n t  
p w e ~ d  by a w ind  machine .  As n o t e d  i n  t h e  PV-powered r e v e r s e  o s m o s i s  f i e l d  
t e s t  i n  8 . 0 ,  so l a r -powered  r e v e r s e  o ~ m o s i s  s y s t e m s  a p p e a r  t o  be a t t r a c t i v e  
a p t i o n s  f o r  a p p l i c a t i o n s  i n  t h e  f m n t i e r  g o v e r n o r a t e s  a n d  l e n d  t h e m s e l w s  t o  
f i e l d  t e s t s  of p i l o t  p l a n t s .  A 24m d i a m e t e r  b l a d e ,  200kW r a t e i j  wind macFli.ne 
o r  a  s u i t a b l e  c o m b i n a t i o n  of o t h e r  s m a l l e r  s i z e  mach ine s  w i l l  h e  i n s t a l l e d  
a l o n g  t h e  c o a s t  i n  t h e  Red Sea  r e g i o n .  T h i s  S i z e  mac\ine w i l l  g e n e r a t e  a  p e a k  
pwe:  of 7 6  kW a n d  a n  a v e r a g e  d a i l y  power d e l i v e r y  of 500  kWhr/day u s i n q  
a v a i l a b l e  Hurghada wind d a t a  o r  6 1  xd peak  and 750 kW h r /dav  u s i n g  a v a i l a b l e  
 as m ~ e b  ~ v i n d  d a t a .  T h i s  i s  s u f f i c i e n t  e l e c t r i c a l  

1 " E g y p t i a n  W i d  Ene rgy  R e s o u r c e s  S tudy ,  F i n a l  Repo r t ,  P h a s e  11" f o r  t h e  
N a t i o n a l  S c i e m e  F o u n d a t i o n ,  C o n t r a c t  Number M-78-C-02-A638, November 1979 ,  
b~ W .  T,. Hughes. 
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Figure 1 .  Water Boats Loading at R e d  Sea End 
of Qena to Safaga Fresh Water Line 

Figure 2.  French Solar Desalination Plant at 
Phosphate Plant at El  Aweina 
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p w e r  f o r  a  r e v e r s e  o s m o n i ~  u n i t  i n  t h e  4 0  t o  7 5  m3/day c a p a c i t y  r a n q e  u s i n g  
43,000 PPN Red Sea  w a t e r .  T h i s  f i e l d  t e s t  i s  of s u f f i c i e n t  s i z e  t o  
d e m o n s t r a t e  t h e  t e c h n i c a l  a n d  economic  f e a s i b i l i t v  o f  t h e  c o n c e p t  a n d  t o  
a c q u i r e  o p e r a t i o n a l  and  m a i n t e n a n c e  d a t a  a p p l i c a b l e  t n  l a r n e r - s i z e *  s ~ ~ s t e m s .  
R e f n r e  a sys t em c o n f i  q u r ~ l t  i o n  i fi r , e le r tc .d ,  d ~ t a i  l r d  concept .ua1  d ~ ? s i g n  s t u d i e s  
w i  1 1  1 I .  r r l  ,I ! I  i n  I 1 1  I !  I 1 1 1 ~  w i n t l  rv;rc-ll i nn wi 1 1  (rc?nr.rat P 

ctr,r.rg-,r L O  c l ~ i l r  qcb i i  st 01 i l ( j c .  ::\f!;t (.In, t h f : r -  ) l ; i l : t  c r y  o r  p r c b s s u r e  v e s s e  1, whi ch 
w i l l  nowc.1- t l l r .  I-I-V~'.?-::C~ osmc>si:; ~ l n i t r ; .  ]?or t l ~ i r .  F i . ~ l d  t-esl. t h e  l o c a l .  q r : d  w i l l  
bp u s e d  a s  a  b a c k - u p  w k n  t h c h  wind i r; n o t  o f  s u f  f i c i p n t  s p e d  t o  p r o d u c e  t h s  
needed  power. A h l ~ f  f e r  s t o l - a y e  t o  p r n v i d e  a l ~ t o n o n o u s  o p e r a t i o n  w i l l  5e 
c o n s i d e r e d  i n  t h e  desiqn o f  t h e  f i e l d  t e s t s  sy s t em.  Reve r se  o s m o s i s  s y s t e m s  
of t h e  r10 t o  75m3/day s i z e  a r c  c o r n m e ? - c i a l l ~ ~  a v a i l a b l e  a s  a]-o wind m a c l ~ i n e s  
i n  - t he  20 t o  500 kT.1 pzak  power r a t i n g  r a n g e .  The b r i n e  w i l l  h e  r e t u r n e d  t o  
the o c e a n  and t h e  p o t a b l e  w a t e r  transferred i n t o  t h e  e x i s t i n 9  f r e s h  w a t e r  
s u p p l y  and  d i s t r i b u t i o n  System. 

A l t e r n a t i v r ?  c o n c w t s  emp loy inq  o t h e r  s o l a r  power s v s t c m s  v i l l  a l s o  be 
i n v e s t i g a t e d  a n d  compared w i t h  t h ~  wind-powered c o n c q t  d u r i n q  t h e  e n g i n e e r i n g  
d e s i g n  p h a s e  of t h e  f i e l d  t e s t . .  (See a l . so  F i e l d  T ~ s t  Der :c r in t ion  n.0 
Pho tovo l t a i c -Powered  R e v e r s e  Osmosis  D e s a l i n a t i o n  Sys t em) .  

1 0 . 2  APPLICATION DSSCRIPTIO3I 

O b i e c t i v e  

The p r i  rna1.y obj e c t i v e  s of t h i s  P roposed  w i  nd-po\rerp.7, r c v e r s e  o s m o s i s  
d e s a l i n a t i o n  field tPst a r c  t o :  

( 1) De te rmine  t h e  t . e c h n i c a 1  " e a s i h i l i . t y  of prov; .dinn f r e s h  w a t e r  'rom 
Red Sea  w a t e r  by r e v e r s e  o s m o s i s  powered by a  wind sys tem;  

( 2  ) Monitor  t h e  o v e r a  11 s y s t e m  e f  f i c i e n r v ;  

( 3 )  P r o v i d e  hands-on o p e r a t i o n a l  a n d  ma in t enance  e x p e r i e n c e  f o r  E q m t i a n  
p e r s o n n e l ;  and 

( 4 )  E v a l u a t e  t \ e  economics j n  a n  E g y p t i a n  c o n t e x t .  

A s e c o n d a r y  o b j e c t i v e  i s  t o  i d e n t i f y  p o t e n t i a l  m o d i f i c a t i o n s  t o  t h e  
s y s t  e m  w h i  ch may improve o p e r a t i o n  ??or r e p l i c a t i o n  o p e r a t i o n  i n  t h e  E q y p t i a n  
en  v i  mnme n t  . 

~ h i s  s y s t e m  w i l l  employ a  r e v e r s e  o8mosie  sy s t em s i m i l a r  t o  t h e  r e v e r s e  
o s m o s i s  p l a n t  l o c a t e d  i n  J eddah ,  S a u d i  Arab i a ,  t h a t  p r o d u c e s  12 ,000  m3/day 
of f r e s h  w a t e r  f r o m  Red S?a  w a t e r .  Only pumping p r e s s u r e  e n e r g y  i s  u s e d  i n  
t h e  r e v e r s e  o s m o s i s  p r o c e s s ,  r e s u l t i n g  i n  6 0  t o  7 0  p e r c e n t  e n e r g y  s a v i n g s  when 

w i t h  d i s t i l l a t i o n  p r o c e s s e s .  The u s e  o f  membranes which  p r o d u c e  
d r i n k i n g  w a t e r  f rom a  s i n g l e  p a s s  a l l o w s  compact a n d  s i m p l e  p l a n t  d e s i g n  
h a v i n g  t h e  l o w e s t  combined c o n s t r u c t i o n  and  o p e r a t i n q  c o s t  o f  a- d e s a l i n a t i o n  
p r o c e s s .  The p l a n t  s i m p l i c i t y  r e s u l t s  i n  e a s y  o p e r a t i o n .  The p l a n t  s t a r t  a n d  
s t a p  b u t t o n s  a r e  the o n l y  c o n t r o l s  f o r  s t a r t - u p  and shutdown a n d  c a n  be  done  
a l m o s t  i n s t a n t a n e o u s l y .  Dur ing  o p e r a t i o n  o n l y  r o u t i n e  c h e c k i n g  of i n s t r u m e n t s  
i s  r e q u i r e d .  
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The s t a n d a r d  models  a v a i l a b l e  f s e v e r a l  m a n u f a c t u r e r s  a r e  s u p p l i e d  

p reas semhled  and r e q u i r e  o n l y  f l a t  f o u n d a t i o n s  and s i - l e  i n t e r c o n n e c t i o n s  a t  
s i t e .  The v e r s a t i l i t y  of t h e  membranes h a s  been proven i n  r e v e r s e  osmos i s  
sys t ems  o p e r a t i n g  w i t h  many t y p e s  of s eawa te r  i n  t h e  F a r  E a s t ,  Nor th  Amer:ca. 
t h e  G~ lf of Mexico, t h e  Car r ibbean  a n d  t h e  Middle Ea fit. 

The c o n c e p t u a l  desicln of a t y p i c a l  1-fBvarse osmos i s  d e s a l i n a t i o n  s v s t e n  is 
shown i n  F i g u r e  3 .  Chemicals  a r e  i n j e c t e d  i n t o  t h e  raw w a t e r  t o  ad-just  p r o p e r  
p~ and t o  a s s i s t  c o a g u l a t i o n  of suspended n a r t i ~ l  a s  whicFI are t h e n  remoTT5d h., 
sand  f i l t e r s .  The c l e a n  f i l t e r e d  w a t e r  i s  pumped a t  h i g h  p r e s s u r e  i n t o  t h e  

ne chambers. Reverse  osmos i s  t a k e s   lace thr?ilgFI t h e  meinbra n s s ,  
s e p a r a t i n g  t h e  f e e d  i n t o  a  s t r eam of p u r i f i e d  w a t e r  and  a  s t r e a m  of r e j e c t  
b r i n e  c o n t a i n i n 7  most o f  t h e  d i s s o l m d  s a l t s .  

The l a r g e r  r e v e r s e  ~ s r n o s i s  p l a n t s  a r e  d i v i d e d  i n t o  f o u r  o r  f i v e  packages  
f o r  s h i p i e n t  b u t  o n l y  a few days am needed t o  make the. i n t e r c o n n e c t i o n s  a t  
t h e  s i t e .  p r e f a b r i c a t e d  m e t a l  b u i l d i n g s  a r e  u s u a l l y  f u r n i s h e d  w i t h  t h e  
units. F igu re  4 shows a  t y p i c a l  p l o t  l a y o u t .  F i g u r e  5 i s  a  photograph oC a 

r e v e r s e  o s m o s i s  p l a n t  t a k e n  a t  t h e  Misr Phosphate  P l a n t  n e a r  Q u s e i r  o n  t h e  ~ e d  

Sea. 

 he wind n a c h i n e  w i l l  l a r g e  enouqh t o  p r o v i d e  t h e  a n n u a l  e n e r q v  
r equ i r emen t s  o f  t h e  r e v e r s e  osmosis  p l a n t  a l o n g  w i t h  a n y  d i s t r i b u t i o n  l o s s e s  
of t h e  comple t e  wind r e v e r s e  osmosis  svstem. To d o t e r n i n e  t \ e  su i tab i3 . i t .y  of 
a  wind machine i n  Egypt  t h e  wind d u r a t i o n  c u r v e s  ( F i g u r e  6 )  were  examined f o r  
f o u r  s i t e s  f o r  which d a t a  was a v a i l a b l e -  Two of t \ e  s i t e s  a r c  on  t h e  
Med i t e r r anean  Sea - % t l u h  and Berg E l  Arab,  and two s i t e s  a r e  on  t h e  Red Sea 
- ~ u r g h a d a  and Ras Ghareh. A p r r )6uc t ion  1J. 2. wind r?ac\ ine t h a t  i s  r a t e d  a t  
200 kiJ i n  30 mph wind was u s e d  f o r  t h e  eva l r l a t i on .  "he p a k  m w e r ,  a v e r a g e  
daily7 e n e r g y  del ixrery and annua l  e n e r g y  de l i ' re ry  were c a l c u l a t e d  and t 3 e  
r e s u l t s  a r e  summarized i n  T a b l e  1. 

T a b l e  1 Vind S i t e  Conpfirison f o r  300 k!d Yac5ine 

Peak Dai l e  y  Annua 1 

Ma t r u  h  7  6 
Borg E l  Arab 3 0 
Hurghada 76 
~ a f i  Ghareb 61  

Of t h e  f o u r  s i t e s  e v a l u a t e d  Ras Ghareh r anked  f i r s t  and Hurgha4a second.  
The wind d u r a t i o n  c u r v e s  f o r  t h e  24 m hub h e i g h t  and  t h e  p w e r  d u r a t i o n  c u r ~ s  
f o r  t h e  200 kW wind machine a t  Hurgada a r e  shown i n  F iqu re  7.  
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A d e t a i l e d  e n g i n c , e r i n g  d e s i g n  w i l l  be c o n d u c t e d  d u r i n g  t h e  f i r s t  p h a s e  of 
t h e  f i e l d  tes t  t o  c o n f i g ~ ~ r e  t h e  opt imum s o l a r - p o w e r e d  d e s a l i n a t i o n  s y s t e m .  
C ~ t h e r  s o l a r  a n d  d e s a l i n a t i o n  t e c h n o l o g i e s ,  e . g . ,  p h o t o v o l t a i c ,  s o l a r  t h e r m a l ,  
e l e c t r o d i a l y s i s  and  s o l a r - d i e s e l  h y h r i d s ,  w i l l  be i n v e s t i g a t e d  t o  d e t e r m i n e  
t h e  b e s t  t e c h n i c a l  s y s t e m  c o n c e p t s ,  g i v e n  a c t u a l  s o l a r  e n e r g y  r e s o u r c e s  a n d  
i n p u t  w a t e r  q u a l i t y  d a t a  f o r  s p e c i f i c  s i t e  l o c a t i o n s .  L e v e l i z e d  c o s t s  per 
c u b i c  meter o f  p o t a b l e  w a t c r  p r o d u c e d  w i l l  be c a l c u l a t e d  a s  a c r i t e r i o n  f o r  
economic  f e a s i b i l i t y .  F o l l o w i n g  a c r i t i c a l  d e s i g n  r e v i e w  of c a n d i d a t e  
c o n c e p t s ,  a n  e n g i n e e r i n g  d e s i g n  w i l l  bc p r e p a r e d  f o r  t h e  f i e l d  t e s t .  

I t  i s  a n t i c i p a t e d  t h a t  t h e  a c t i v i t i e s  a n d  t a s k s  a s s o c i a t e d  w i t h  t h i s  
f i e l d  test w i l l  hc cornbirlcd w i t h  t h o s e  i n  t h e  PV-powered d e s a l i n a t i o n  f i e l d  
t es t  ( s e c t i o n  6 . 0 )  u n d e r  o n e  c o n t r a c t ,  c o m p e t i t i v e l y  awarded  t o  a  U.S. 
e n g i n e e r i n g  f i r m .  

Sys tem T e c h n i c a l  Da ta  a n d  D e s i g n  S p e c i f i c a t i o n s  

The t e c h n i c a l  s p e c i f i c a t i o n s  f o r  v a r i o u s  s i z e  r e v e r s e  o s m o s i s  
d e s a l i n a t i o n  p l a n t s  a r e  p r e s e n t e d  i n  T a b l e  2. T h e s e  s p e c i f i c a t i o n s  w e r e  
p r e p a r e d  f o r  3 5 , 0 0 0  PPM s e a w a t e r  a n d  requires a  8 0 0 p s i  ( 5 6  ~ g / c m ~ )  p r e s s u r e  
t o  o p e r a t e  w i t h  t h e  s t a n d a r d  s e a w a t e r  o s m o t i c  p r e s s u r e  of 2 3  Kg/cm2 f o r  
3 5 , 0 0 0  PPM s e a w a t e r .  The 4 3 , 0 0 0  PPM Red S e a  W a t e r  h a s  a n  o s m o t i c  p r e s s u r e  36 
~ g / c r n '  which  w i l l  r e q u i r e  a  pump p r e s s u r e  o f  900-1000 ps i  (63-67  Kg/cm2). 
T h e  f i n a l  r e v e r s e  o s m o s i s  des i .gn  s p e c i f i c a t i o n s  w i l l  be p r e p a r e d  b a s e d  o n  d a t a  
o b t a i n e d  f r o m  s p e c i f i c  w a t e r  samples t a k e n  a t  t h e  s e l e c t e d  s i t e .  



Figure 3.  Flow Diagram 
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Figure 4. Typical Plot Layout 

Figure 5. Misr  Phosphate Plant Reveree Oemosir Unit 
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F i g u r e  6 .  Wind Duration Curvea for  Two Red S e a  S i t e e  ( I ) ,  
and Two  Mediteranean S i t e s  (2)  at 6 Metera  
Elevat ion  

HOURS PER Y E Q R  



Figure 7. * Wind Duration and Power  Duration Curves for 
Hurgada at 80 Foot Hub Height 
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Tab le  2.  Reverse Osmosis Techn ica l  S p e c i f i c a t i o n s  



For  t h e  t e c h n i c a l  and economic a n a l y s e s  p e r f o r m e d  p u r s u a n t  t o  p r e p a r a t i o n  
of t h i s  p r o j e c t  p a p e r ,  t h e  d e s i g n  s p e c i f i c a t i o n s  f o r  t h e  wind 
s y s t em a r e  ba sed  or1 a 200kW mach in r  w j t h  a  24m d i a m e t e r  b l a d e  o p e r a t i n g  i n  a  
wind r eg ime  c h a r a c t e r i z e d  by t h e  Ras Ghareb  and Hurgada d a t a .  D e t a i l e d  d e s i g n  
s p e c i f i c a t i o n s ,  however ,  w i l l  he p r e p a r e d  a f t e r  t h e  s p e c i f i c  s i t e  i s  s e l e c t e d  
a s  d i s c u s s e d  i n  t h e  S i t i n g  I n f o r m a t i o n  S e c t i o n  below. 

The b a s e l i n e  schematic f o r  t h e  p r o p o s e d  wind-powered r e v e r s e  o s m o s i s  
d e s a l i n a t i o n  s y s t e m  i t ;  shown i n  F i q u r c .  8 .  T h i s  wind-powered r e v e r s e  o s m o s i s  
s y s t em p r o v i d i n g  f r r s t ~  w a t e r  f rom t h e  Red Sea u s e s  e x p e r i m e n t a l l y  p r o v e n  wind 
and r e v e r s e  o s m o s j s  t . e c h n o l ~ g i e s .  The s y s t e m  would make f u l l  u s e  of t h e  
e x p e r i e n c e  a c q u i ~ r c d  i r r  t l ~ c  1J.S.  a n d  Near  E a s t  f r om designing, m a i n t a i n i n g ,  and  
e v a l u a t i n g  t h e  .sy:;tc3rn jwr fo rmancc  of s cve r i l l  wind and r e v e r s e  o s m o s i s  u n i t s  
o v e r  t h e  l a s t .  f o u r  yoar r ; .  T h i s  wi1.1 be  t h e  f i r s t  s y s t e m  of t h i s  t y p e  and ,  
b e c a u s e  o p e r a t i o n  ' w i l l  u l t i m a t e l y  be' r e q u i r e d  w i t h  a  minimum of d e t a i l e d  
t e c h n i c a l  a t t e n t i o n ,  t h e  i n p l e n l e n t a t i o n  r e q u i r e m e n t s  shown f o r  t h i s  f i e l d  t e s t  
i n c o r p o r a t e s  U.S. a s s emb ly ,  check -ou t  and  t e s t i n g  of  c r i t i c a l  components .  
T h i s  w i l l  a l l o w  e v a l u a t i o n  and  m o d i f i c a t i o n ,  i f  r e q u i r e d ,  p r i o r  t o  s h i p m e n t  t o  

E ~ Y P ~ .  

S i t i n g  I n f o r m a t i o n  

The a c t u a l  s i t e  w i l l  b e  d e t e r m i n e d  a f t e r  a  r e v i e w  o f  t h e  s e v e r a l  
a v a i l a b l e  s i t e s  a l o n g  t h e  Red S e a .  The s e l e c t i o n  w i l l  be b a s e d  p r i m a r i l y  on  
t h e  a n n u a l  wind p r o f i l e s  and ,  s e c o n d a r i l y ,  on t h e  c o s t  o f  c o n n e c t i n g  t o  t h e  
e x i s t i n g  w a t e r  l i n e s ,  l i n e s  t o  dump b r i n e  i n t o  t h e  Red S e a ,  and  c o n n e c t i o n s  
f o r  back-up power t o  t h e  l o c a l  g r i d .  A d d i t i o n a l  l o c a l  wind measurements  w i l l  
k,e r e q u i r e d  t o  s e l e c t  tile l r r t  si tc. 

M o n i t o r i n g  and E v a l u a t i o n  Data  Requ i r emen t s  

The f i e l d  test w i l l  i n c o r p o r a t e  i n s t r u m e n t a t i o n  which w i l l  a l l o w  t h e  
sy s t em e f f i c i e n c y  ( i . e . ,  wind ene rgy  a v a i l a b l e  v e r s u s  f r e s h  w a t e r  o u t p u t )  t o  
be  de t e rmined .  The i n s t r u m e n t a t i o n  w i l l  i n c l u d e  s e n s o r s  t o  measu re  
t e m p e r a t u r e  a n d  wind v e l o c i t y ,  a s  w e l l  a s  a  w a t e r  meter a n d  a  r e c o r d e r .  I n  
a d d i t i o n ,  s t a t e m e n t s  of equ ipment  f a i l u r e s  and /o r  m a l f u n c t i o n s  w i l l  b e  l o g g e d .  

10 .3  IMPLEMrnTATION REQUIREMENTS 

The r e q u i r e d  a c t i v i t i e s  t o  implement  t h e  p r o j e c t  a r e  l i s t e d  be low and  on 
t h e  s c h e d u l e  i n  F i g u r e  9. 

(1) S i t e  s e l e c t i o n ,  c o n c e p t u a l  d e s i g n ,  and  s p e c i f i c a t i o n s  

( 2 )  Sys tem d e s i g n  a n d  e n g i n e e r i n g  

( 3 ) Hardware p rocu remen t  and manufac tu r e  

( 4 )  U.S. check -ou t  a n d  t e s t  of c r i t i c a l  components  

( 5 )  D i sa s semb ly ,  p a c k i n g  and  sh ipmen t  

( 6 )  P r e p a r a t i o n  o f  o p e r a t i o n a l  a n d  t r a i n i n g  manuals  
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Figure  8. Wind/Reverse O s m o s i s  S y r t e m  Schematic  



Figure 9.  Schedule 

- 

(7)  Egyptian Site Work, Con- 
etr uction and Installation 

* . 
ACTIVITY 

(1 ) Site Selection, Conceptual 
Deeign, and Specification8 

(2) Syetem Design and 
Engineering 

(3)  ~ a r d w a r e  Procurement and 
Manufacture 

(4) U.  S. Site Work, Installation, 
Checkout, and T e s t  

(5)  Disa eeembly, Packing, 
and Shipment 

; 6 )  Preparation of Operational 
and Training Manuale 

YEARS BY QUARTER 

1 2 3 4  1 2 3 4  1 2 3 4  

4 

4 

1 2 3 4  1 2 3 4  
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( 7 )  Egyp t i an  s i t e  work, c o n s t r u c t i o n  and i n s t a l l a t i o n  

( 8 )  Check-out, s t a r t - u p  and t r a i n i n g  

(9) System o p e r a t i o n ,  mon i to r ing  and  e v a l u a t i o n  

Q a t t a r a  and t h e  Red Sea Governora t e  M i n i s t r y  of Supply w i l l  be  
r e s p o n s i b l e  f o r  t h e  s i t e  p r e p a r a t i o n ,  sys tem o p e r a t i o n ,  m o n i t o r i n g ,  and  
e v a l u a t i o n  a c t i v i t i e s  of t h e  p r o j e c t ,  w i t h  t e c h n i c a l  a s s i s t a n c e  from t h e  
U.S.  C o n t r a c t o r . .  A U.S. c o n t r a c t o r ,  under  t h e  d i r e c t i o n  of t h e  U.S. P r o j e c t  
Manager and working i n  c o o p e r a t i o n  w i t h  Egypt ian  c o u n t e r p a r t s ,  s h a l l  he 
r e s p o n s i b l e  f o r  t h e  d e t a i l e d  des ign  of t h e  sys tem and t h e  development of 
sys tem s p e c i f i c a t i o n s  s u i t a b l e  f o r  t h e  s o l i c i t a t i o n  of b i d s  f o r  t h e  
procurement  and  i n s t a l l a t i o n  of a l l  p r o j e c t  equipment .  The U .S. P r o j e c t  
Manager, working i n  c o o p e r a t i o n  w i t h  t h e  m i n i s t r i e s  and u s i n g  o u t p u t s  of  t h e  
d e t a i l e d  d e s i g n  a c t i v i t y  s h a l l  p r o c u r e ,  under  A I D  r e g u l a t i o n s ,  t h e  s e r v i c e s  
of a  u.S. c o n t r a c t o r  f o r  t h e  supply  of t h e  p r o j e c t  hardware ,  U.S. test  of 
c r i t i c a l  components, pack ing ,  s h i p p i n g ,  check-out ,  s t a r t - u p ,  i n s t a l l a t i o n ,  
and t r a i n i n g  of t h e  Egyp t i ans  who w i l l  be r e s p o n s i b l e  f o r  t h e  o p e r a t i o n  and 
maintenance .  The U.S. c o n t r a c t o r ,  a s  p a r t  of t h e  i n s t a l l a t i o n  t a s k ,  s h a l l  
a l s o  i n c l u d e  t h e  f o u n d a t i o n s  and f i n a l  c o n n e c t i o n s  t o  t h e  g r i d .  The U.S. 
c o n t r a c t o r  s h a l l  a l s o  f u r n i s h  and i n s t a l l  t h e  i n s t r u m e n t a t i o n  package .  AS 

p a r t  of t h e  U.S. t e s t ,  t h e  U.S. c o n t r a c t o r  s h a l l ,  i f  t h e  sys t em does  n o t  
m e e t  s p e c i f i c a t i o n ,  modify and r e t e s t  t h e  hardware t o  s p e c i f i c a t i o n  b e f o r e  
shipment.  I n  a d d i t i o n ,  t h e  U.S. c o n t r a c t o r  s h a l l  p r e p a r e  and f u r n i s h  
o p e r a t i o n a l ,  main tenance ,  and t r a i n i n g  manuals of s u f f i c i e n t  d e t a i l  t h a t  t h e  
a p e r a t i o n  and s e r v i c e  of t h e  sys tem w i l l  be accompl ished  by E g y p t i a n s .  

The U.S. P r o j e c t  Manager, working i n  c o o p e r a t i o n  w i t h  t h e  M i n i s t r i e s ,  
s h a l l  d i r e c t  t h e  U.S. c o n t r a c t o r  i n  t h e  i n s t a l l a t i o n  of t h e  f i e l d  t e s t .  I t  
i s  expec ted  t h a t  t h e  U-S- c o n t r a c t o r  w i l l  s e l e c t  and  s u b c o n t r a c t  t o  a n  
Egypt ian  c o n t r a c t o r  t h e  s i te  p r e p a r a t i o n ,  c o n s t r u c t i o n  and f o u n d a t i o n  work. 
The U.S. c o n t r a c t o r  s h a l l  he r e s p o n s i b l e  f o r  t h e  s u c c e s s f u l  check-out  and  
s t a r t - u p  of t h e  system. H e  s h a l l  a l s o  t r a i n  s i t e  p e r s o n n e l  and  s t a f f  
members of t h e  m i n i s t r i e s  and  t h e  a s s i g n e d  s i t e  manager i n  t h e  o p e r a t i o n  and  
maintenance of t h e  system. 

The U.S. c o n t r a c t o r  s h a l l  v i s i t  t h e  i n s t a l l a t i o n  p e r i o d i c a l l y  d u r i n g  a  
two-year o p e r a t i o n  s u p p o r t  p e r i o d  f o r  t h e  pu rpose  of e n s u r i n g  t h a t  t h e  
sys tem i s  i n  good o p e r a t i n g  c o n d i t i o n .  The c o n t r a c t o r  and  s i t e  manager 
s h a l l  pe r fo rm schedu led  maintenance a c t i v i t i e s  and  e f f e c t  sys tem r e p a i r s ,  as 
r e q u i r e d .  The s i t e  manager s h a l l  be r e s p o n s i b l e  f o r  t h e  c o l l e c t i o n  and 
e v a l u a t i o n  of p r o j e c t  d a t a .  The P r o j e c t  Manager, t h e  s i t e  manager, and  t h e  
GOE m i n i s t r i e s  s h a l l  p r e p a r e  p r o g r e s s  r e p o r t s  and the f i n a l  r e p o r t .  T h i s  
f i n a l  r e p o r t  s h a l l  p r e s e n t ,  a s  a  minimum: 

(1) An i t e m i z e d  accoun t  of a l l  p r o j e c t  expenses ;  

( 2 )  The c o l l e c t e d  mon i to r ing  d a t a ;  

( 3 )  Sta t emen t s  of equipment f a i l u r e s  and/or  m a l f u n c t i o n s ;  

( 4 )  A c h a r a c t e r i z a t i o n  of t h e  e i t e  t empere tu re  and wind reqime;  
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( 5  %cornmi,ndat i o n s  a s  t o  t h e  s u i t a b i l i t y  o f  s u c h  s v s t e m s  f o r  u s e  i n  

.hc E g y p t i a n  c o n t c x t ;  and  

( 6  ) R c . c . r ~ ~ n r n c n r J  a t  1 on!a f r ) r  rnndl f i c n t  1 rmn t o  1 ht- nvnt rm w h i  ch  mi qht 
I , I J )  r uve t 'I( .  cyst r u m  of)eritt i r ) r l  I r1 t hih Ecfypt i n n  can v i  m n m e n t .  

1 0 . 4  FIELD TEST C O S  ESTIMAmE 

The f i e l d  t e s t  rost i s  e s t i m a t e d  t o  h e  $ 2 , 1 3 0 , 0 0 0 .  The m a j o r  e l e m e n t s  
a r e  i t e m i z e d  b e l o w .  

S y s t e m  D c s i g n  a n d  E n g i n e e r i n g  $ 3 2 5 , 0 0 0  
E q u i p m e n t  FOR M a n u f ~ c  t . ~ r e r  7 7 5 , 0 0 0  
U.S . S i t e  Work, A s s e m b l y ,  I n s t a l l a t i o n ,  a n d  T e s t  5  0 , 0 0 0  
O p e r a t i o n  a n d  M a i n t  enan? e M a n u a l s  5 0  ,000  
P a c k i n g  a n d  S h i p p i n g  1 1 0 , 0 0 0  
S i t e  X o r k  a n d  I n s t a l l a t i o n  4 0 0 , 0 0 0  
C h e c k - o u t  a n d  S t a r t - u p  ( 3  m o n t h s )  1 0 0 , 0 0 0  
>.st e m  O p c r n  t i o n ,  Y o n i t o r i n g  a n d  Cva l u a t i o n  ( 2 \.ears) ? ? 0 , 0 0 0  

T o t a l  $ 2 , 1 3  0 , 0 0 0  

BESTAVAILABLE COPY 
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SOLAR THERMAL POWER APPLICATIONS 

11.1 INTRODUCTION 

C u r r e n t l y ,  abou t  25 tons/day of a r s  t a k e n  from t h e  l a k e  i n  Wadi 
~1 mwayan. The f i s h  a r e  c o l l e c t e d  a t  a  l a k e s i d e  t e r m i n a l  which i s  abou t  12  
)an west of t h e  edge o" +-he Payoum Oas i s  and apnroximate ly  45 hn west 0" t h e  
Fayoum c i t y  of E l  Fayoum ( Figures  1 and 2 )  The f i s h  a r e  then miued .wi th  
c r u s k d  i c e  and p u t  i n  s a c k s  f o r  t r a n m o r t i r l a  t o  Favourn and ra i rc ,  b~ t m c k .  
S i m e  t h e s e  t r u c k s  a r e  n o t  equipped w i t h  any i n s u l a t i o n  and must t r a n s p o r t  
the  block i c e  from t h e  n e a r e s t  i c e  maker i n  Favoum (an? q f t e n  "rom Cairo  
when t h e r e  i s  n o t  s u f f i c i e n t  i c e  a t  Fayoum), t h e  l o s s  of i c e  i s  
s i q i f i c a n t .  The d i s t a n c e  from Cairo t o  Fayoum i s  abou t  qn Ian and t'le t r i p  
r e q u i r e s  some 1 . 5  hours .  The t r i p  from Fayoum t o  t h e  t e r m i n a l  over narrow, 
crowded, poor r o a d s  and t r a i l s .  r e q u i r e s  a n  a d d i t i o n a l  t r a v e l  t i q e  q= 1 . 5  
hours .  Also ,  s i n c e  t h e r e  i s  n o  r e f r i g e r a t i o n ,  o r  i n s u l a t e d  s t o r a g e  
a v a i l a b l e  a t  t h e  t e r m i n a l  s i t e ,  f i s h  s p o i l a g e  a t  the t e r m i n a l  dur inq  ho ld inq  
and d u r i n g  t r a n s p o r t  r e s u l t s  i n  t h e  l o s s  of a n  impor tan t  p r o t e i n  food source .  

E l e c t r i c  nowcr 2 i n ~ x  run  l l B  r n ~  a s  t h e  v i l l a q e  a t  t h e  e d q ~  of t h e  
Qsis, some 12 )an from t h e  l a k e s h o r e ,  h u t  this l i n e  i s  c u r r e n t l y  t a x e d  t o  
i t s  f u l l  c a p a c i t y  and no  e l e c t r i c   pow^.?: i s  a v a i l a b l e  from t h e  e x i s t i n o  g r i d  
system f o r  this p r o j e c t .  The wa te r  f eed ing  t h e  l a k e  i s  t a i l w a t e r  from 
i r r i g a t i o n  OF f i e l d s  f e r t i l i z e d  wi th  c"lemica1 an4 animal  f e r t i l i z e r s .  myis 
wa te r  i s  somewhat b r a c k i s h  and  n o t  s u i t a b l e  f o r  human c o n s u m ~ t i o n  even 
t'lough t h e  f i s h  t ' l r i v e  i n  t'le l a h .  

T h i s  s i t e  was v i s i t e d  by IJSAID r e ~ r e s e n t a t i v e s  i n  Pnbruary 1981 and 
t h e  Governor i d e n t i f i e d  c o l d  s t o r a g e  a s  f i r s t  p r i o r i t y .  The i n i t i a l  p r o j e c t  
concep t  was t o  p r o v i d e  a solar-powered co ld  s t o r a g e  u n i t  a t  t h e  l a k e s h o r e  
t e r m i n a l .  However, d u r i n g  t h e  meet ing wi th  t h e  Governor i n  E l  Fayoum i n  
July 1981, he e m ~ h a s i z e d  t h e  need f o r  a b e t t e r  means t o  t r a n ~ o r t  t h e  v i t a l  
f r e s h  f i s h  resource  t o  Fayoum and Cairo  and asked i f  a n  ice-making u n i t  a l s o  
cou ld  be cons ide red  i n  t h e  p r o j e c t  t o  e l i m i n a t e  t h e  need f o r  t r u c k i n q  block 
i c e .  

The C i e l d  t e s t  i s  a solar-powered cold  I t o r a g e  s y s t a n  i n s t a l l e d  a t  t % n  

l a k e s i d e  t e r m i n a l  w i t h  a d d i t i o n a l  System compments t o  f a c i l i t a t e  t h e  
a p p l i c a t i o n  o p e r a t i o n s .  The f a c i l i t y  proposed f o r  t h e  c o l d  s t o r a g e  t e r m i n a l  
w i l l  i nc lude :  

(1) A s o l a r  Rankine c ycle-po~rererl r ? f r i q a r a t i o n  system t o  provi  de  
c o l d  s t a r a g e  (1-4OC) f o r  up t o  100 m t o n s  of i c e d  f i s h  (1-2 p a r t s  i c e  f o r  
3 p a r t s  of f i s h  bv w e i g h t ) .  
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( 2 )  A c o n t i n u o u s  ice  machine t o  p r o v i d e  20 t o n s  of i c e  p e r  day .  
C h l o r i n a t i o n  o r  o t h e r  t r e a t m e n t  of t h e  wa te r  f o r  t h e  i c e  machine may be 
r e q u i r e d .  

( 3 )  A t e r m i n a l  b u i l d i n g  t o  house t h e  c o l d  s t o r a g e  l o c k e r s ,  t h e  ice 
machine, i n s u l a t e d  ice s t o r a g e  l o c k e r  f o r  40 m t o n s  of  i c e ,  s e r v i c e  a r e a  and 
r e c e i v i n g  and l o a d i n g  docks.  

( 4 )  A d u a l  u n i t ,  d iese l -powered g e n e r a t o r ,  w i t h  a l l  c o n t r o l s  t o  p r o v i d e  
power f o r  t h e  i c e  machine,  w a t e r  c o o l i n g  tower ,  wa te r  pumps, i c e  h a n d l i n g  
conveyors a s  w e l l  a s  back-up power f o r  t h e  solar-powered r e f r i g e r a t i o n  u n i t s .  

( 5 )  Water l i n e s ,  pumps, c o n t r o l s  f o r  supp ly ing  w a t e r  from t h e  l a k e  f o r  
the i c e  machine and c o o l i n g  tower .  

~t is  proposed t h a t  t h e  f i s h  would be i c e d  upon r e c e i p t  , a t  t h e  t e r m i n a l  
w i t h  1 t o  2 p a r t s  of '  ice f o r  3  p a r t s  of f i s h  by we igh t ,  packaged i n  f a b r i c  
s a c k s ,  p u t  i n t o  t h e  s o l a r - r e f r i g e r a t e d  ho ld ing  s t o r a g e  space  a t  once,  and h e l d  
f o r  t r u c k  t r a n s p o r t  t o  t h e  c i t i e s .  

Op t iona l  phased a d d i t i o n s  t o  t h e  above d e s c r i b e d  sys t em c o u l d  i n c l u d e :  

(1) I n s u l a t e d ,  u n i t i z e d  t r a n s p o r t  c o n t a i n e r s  t o  be c a r r i e d  on t h e  
e x i s t i n g  t r u c k s ;  

( 2 )  A w e l l  t o  p r o v i d e  wa te r  f o r  i c e  maker ( i f  a p p r o p r i a t e ) ;  

( 3 )  S p e c i a l  r e f r i g e r a t e d  t r a n s p o r t  t r u c k s ;  

( 4 )  A sma l l  solar-powered d e s a l i n a t i o n  u n i t  t o  p rov i  de p o t a b l e  w a t e r  
( a n d  i c e )  f o r  the t e r m i n a l  personnel, i n c l u d i n g  f i sherman and t r u c k e r s ,  of 
abou t  10 gal /day/person c a p a c i t y ;  and 

( 5 )  Growth of t h e  f a c i l i t y  c a p a c i t y  t o  hand le  a  f i s h  c a t c h  r a t e  of abou t  
6 0  tons /day  a n t i c i p a t e d  i n  3-5 y e a r s .  

Appropr i a t e  road  improvements should  be made t o  r educe  t h e  t r u c k  
t r a n s p o r t  t i m e  from t h e  t e r m i n a l  t o  Fayoum. T h i s  would be t h e  r e s p o n s i b i l i t y  
of the GOE. Liv ing  q u a r t e r s  f o r  t h e  p e r s o n n e l  o p e r a t i n g  t h e  t e r m i n a l  w i l l  be 
p rov ided  a t  t h e  site. The p e r s o n n e l  would i n c l u d e ,  a s  a  minimum, one  t r a i n e d  
t e c h n i c a l  person and two a s s i s t a n t s ,  permanently l o c a t e d  a t  t h e  t e r m i n a l ,  and 
up t o  f i v e  t r a n s i e n t  p e r s o n n e l  f o r  p e r i o d i c  i n s p e c t i o n s ,  maintenance  and  
r e p a i r .  I n  a d d i t i o n ,  t e l e p h o n e  o r  r a d i o  communications shou ld  be p r o v i d e d  and 

' main ta ined  w i t h  t h e  Governor ' s  o f f i c e  i n  t h e  c i t y  of Fayoum. 

A r e s i d e n t  Egyptian p r o j e c t  eng inee r  and t e c h n i c i a n s  t r a i n e d  t o  o p e r a t e  
and ma in ta in  t h e  system w i l l  be  r e q u i r e d  a f t e r  t h e  f i e l d  t e s t .  

A c o n s t r a i n t  i n  t h i s  P r o j e c t  i s  t h a t  only sys tems t h a t  have demons t ra t ed  
performance w i l l  b e  used .  While t h e  proposed Rankine c y c l e  u n i t s  have  
performed s a t i s f a c t o r i l y  i n  space  c o o l i n g  usage  which p r o v i d e s  c h i l l i n g  t o  
approximate ly  4-7OC, t h e  deep-cooling a p p l i c a t i o n  r e q u i r e d  f o r  c o l d  s t o r a g e  
1 - 4 O ~  h a s  no t  been demonstrated.  While t h e r e  are no t e c h n i c a l  r e a s o n s  why 
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! In , , ;  ,,(. ~ y c l  c. r l r l i  t +: ( - . 1 1 1 1 i o t  r)')wc3~- t h j  n c o l d  s t o r a q c  nppl  j c a t . i nn ,  i t  -1lrst hp 
em;. , , I S  i z e d  t h a t  t h i  s ~ ? r ~ ~ ) l i c r r t l r ~ r ~  of l h n  k i n e  r y c l e  u n j  ts  i s  e x p e r i ~ n e n t a l  ( t e n  
a i r  c o n d i t i o n i n g  u n i t s  have heen  p r o d l ~ c e d  t o  d a t e )  and  t h a t  n o  p r s v : n u s  
r J x ? r r i e n c e  e x i s t s  f o r  p d u c i n s  c o l d  s t o r a g e  w i t h  t h e s e  u n i t s .  ~ h u s ,  this 
f j  I 1 t es t  represents a  h i g h e r  r j  s k  t h a n  t h e  o t -her  tests.  However, t h e  npqd 
for  c o l d  s t o r a g e  a n d  t h e  l a r q e  p o t e n t i a l  f o r  r e p l i c a t e d  s o l a r  sy s t ems  i n  ~ n ~ t  

:-:lnts t h e  i n c l i l s i n n  nc t h i  f; f i e l d  t-rst. .in t h e  h-0 jcct. 

';"?e p r i m a r y  o h j e c t i v r ?  of t h e  p r w o s e ?  a p n l i c a t i ~ n  i s  t o  p r o v i  ae  
r e f r i g e r a t i o n  and  colt1 s t o r a g e  f a c i l i t i e s  t o  d e c r e a s e  t h e  s p o i l a g e  of .r'resh 
£is'- d e l i v e r c  d f rnm t.hr?. l a k e  a t  Wadi E l  Rutlavan t o  t h e  c i t i e s  of Fajro~lm and 
C a i r o .  A d d i t i o n a l  o b j e c t  i v c s  o f  t h i s  p r o p s e d  i n  s t a l l a t i o n  a r e  t o :  

(1) Dci.emi.nc t h e  t . c c h n i c a 1  f e a s i b i l i t y  OF a  s o l a r  s t a n d  ,=,].one 
r e f  r i g e r a t i o n  a n d  cold st orilqct syst-em i n  Egvpt  ; 

( 3  ) P r o v i d e  hands-on o p e r a t i o n a l  a n d  m a i n t e n a n c e  e x p e r i e n c e  f o r  E g y p t i a n  

p e r s o n n e  1 ; 

( 4 )  E v a l u a t e  t h e  cconomics  i n  a n  E g y p t i a n  c o n t e x t :  and 

( 5 )  I d e n t i f y  p o t e n t i a l  m o d i f i c a t j . o n s  t o  t h e  sys tem wh ich  m i g h t  ktter 
a d q t  t h e  s y s t e m  f o r  s tan( :  a l o n e  ope] -a t - ion  i n  t h e  Errypt ian env i ronmen t .  

Concept  De s c r i p t  i o n  

s he b a s e l i n e  so l a r -powered  c o l d  S t o r a g e  t e r m i n a l  i s  shown i n  F i r ~ u r e  3. 
The s o l  ar-powere d  p o r t i o n s  of t h e  Sys tem a r e  i n d i c a t e d  s chema t i  c a l  l y  i n  F i g u r e  
4 .  The t e r m i n a l  c o n s i s t s  of t h e  f o l l o w i n g  p a r t s :  

( 1 )  so l a r -powered  o r g a n i c  Rankine  chiller w i t h  a  r a t e d  c a p a c i t y  of 2 5  
t o n s  ( a e r a t e d  fo:- dpse l - t  u s e  and  c o l d  s t o r a g e  a p p l i c a t i o n )  . o p e r a t i n q  
c o n t i n u o u s l y ,  a d j u s t e d  f o r  n o n - f r o s t  c o n d i t i o n s  a n d  emp lov ing  wa t e r - coo l ed  
c o d c n s o r s .  The c h i l l e d  ' lu i r l  w i l l  he a  h a l o c a r b o n  s u i t a b l e  f o r  o p e r a t i o n  of 
a c o l d  s t o r a g e  u n i t  d e s c r i b e d  be low-  The o r g a n i c  Rankine chi l ler  i s  i n d i c a t e d  

i n  F i g u r e  5 .  

(2) 6 ,000  f t 2  o f  f l a t  p l a t e ,  d o u b l e  g l a z e d  s o l a r  c o l l e c t o r s  o r  3 ,000 
f t 2  of p a r a b o l i c  t r o u q h  w i l l  p r o v i d e  t h e  t h e r m a l  power t o  o p e r a t e  the 
chi l lers .  The c o l l e c t o r s  a r e  t o  b e  gmund-mounted o n  m e t a l  trlss a s s e m b l i e s  
of modular  d e s i g n  f o r  f a s t  and 8iIIple f i e l d  e r e c t i o n .  ?'he f l a t  7 l a t e s  w i l l  be 
t i l t e d  a b o u t  25O f r o m  t h e  h o r i z o n t a l  t o  t h e  s o u t h .  The c o l l e c t o r  f i e l d  
a r r angemen t  r e q u i r e s  336  c o l l e c t o r s  w i t h  a n e t  a r e a  o f  1 8  f t 2  e a c h .  S o l a r -  
h e a t e d  f l u i d  c i r c u l a t e s  t h r o u g h  t h e  c lo sed - loop  p i p i n g ,  t r a n s f e r r i n g  the 
a b s o r b e d  e n e r g y  t o  t h e  Rankine u n i t  o r  t o  t h e  t h e r m a l  s t o r a g e  t a n k  d e s c r i b e d  

below. 
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Figure 5 .  Rankine-  A s e i e t e d  C h i l l e r  
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( 3) A 7,000 g a l l o n  above ground,  ve ry  w e l l  i n s u l a t e d ,  s t o r a g e  t a n k  i s  
part. of t h e  so lar -powere  (1 system. Dur ing  p e r i o d s  of t r a n s i e n t  low i n s o l a t i o n  
and beyond t h e  s o l a r  c o l l e c t i o n  h o u r s ,  t h e  Rankine c y c l e  t u r b i n e s  d e r i v e  t k i r  
enP_rqy from t h e  s o l a r - h e a t e d  f l u i d  c o n t a i n e d  i n  t h e  s t o r a g e  t a n k .  

( 4 )  The c o n t r o l  System c o n s i s t s  of s o l i d  s t a t e  c o n t r o l s  t h a t  a r e  
i n k e y r a l  t o  t \ e  system. These c o n t r o l s  a r ?  i n  a d d i t i o n  t o  t h e  c o n t r o l s  r i i t h i n  
t h e  a n k i n e  u n i t s  u s e d  f o r  maintenance .  These c o n t m l s  s h o u l d  be cornpatf i le  
f o r  rcsmote oncra  t i o n ,  r1criv.i nq power c u r r e n t  from tho  d iese l -powered q e n e r a t o r  
f o 7 -  rlorm;] 1 r ,perat ion:;  A n(1 r.1 cc: t r i  c: St.01-aqc h a t t  cari e s  f o r  emerqency s h ~ ~ t  down. 

( 5  ) C o m r n ~ ~ r c i ~ i l ,  c.c>nt i n ~ ~ n ~ i n  i re-makinq u n i t  w i t h  a  ~ a p a c i t - 7  of 90 
tons /day  of c rushed  Ice. The i c e  maker w i l l  he l o c a t e d  i n  a  t e r m i n a l  b u i l d i n q  
con5igured  and d c s i q n c d  t o  o p e r a t e  w h i l e  exposed t o  d e s e r t  sun  and ambient 
t e m p e r a t u r e s  u-, t o  50°C. T h i s .  u n i t  w i l l  be o p e r a t e d  from d u a l  u n i t ,  d i e s e l  

g e n e r a t o r s .  

( 6 )  A commercia l ly  a v a i l a b l e ,  d iese l -powered g e n e r a t o r  ( d u a l  u n i t )  i s  
r e q u i r e d  t o  p r o v i d e  f u l l  e l e c t r i c a l  p o w e r  f o r  t h e  i c e  maker,  pumps, and w a t e r  
t o w e r  and back-up power f o r  t h e  Rankine c y c l e  u n i t .  Each d i e s e l  q e n e r a t o r  
must  p r o v i d e  a  s t a r t - u p  e l e c t r i c a l  o u t p u t  of  a b o u t  12 5kW ( approx ima te ly  3  00 
amnere s)  . T h i s  d u a l  u n i t  must be p r o v i d e d  wi th  c o n t r o l s  v h i c h  a r e  c o m a t i b l n  
w i t h  t h e  so lar -powered Fankine c y c l e  u n i t .  

( 7 )  Cold s t a r a g e  h o l d i n 7  s n a c e  i s  needed f o r  two davs '  i c e  ~ r o d u c t i o n  
(40  t o n s ) .  T h i s  r e q u i r e s  approximate ly  3,500 f t 3  w i t h  a l lowance  f o r  l o a d i n g  
and un load in9  a c c e s s .  T h i s  h o l d i n g  s F a c e  i s  t o  be l o c a t e d  a d j a c e n t  t o  t h e  i c e  
maker f o r  e a s y  a c c e s s  f o r  conveyor h a n d l i n g  of i c e  ( s e e  F i g u r e  3 ) .  S u f f i c i e n t  
i n s u l a t i o n  of t h e  f l o o r ,  c e i l i n g  and e x t e r i o -  w a l l s  i s  r e q u i r e d  t o  h o l d  t h e  
i c e  f o r  a t  l e a s t  5  days  i n  a n  exposed d e s e r t  environment w i t h  ambient  
t e v e r a t u r e s  of up t o  50°C. Drai-nage me l t  water  i s  requiro.3. 

( 8 )  R e f r i g e r a t e d  c o l d  s t o r a g e  h o l d i n g  space  i s  r e q u i r e d  f o r  i c e d  fis5 
from two d a y s '  c a t c h ,  (100 t o n s ) .  T h i s  r e q u i r e s  approximate ly  9,200 ~ t 3  
w i t h  a l l o w a r c e  f o r  l o a d i n 7  and l ln loading a c c e s s .  T h i s  s t o r a g e  sDace i s  
c h i l l e d  by t h e  so lar -powered o r g a n i c  Rankine u n i t  d e s c r i b e d  above.  I t  i s  
p a r t i t i o n e d  i n t o  t h r e e  spaces ,  each w i t \  a  s e p a r a t e  a c c e s s  t o  = a c i l i t a t e  
l o a d i n g  and u n l o a d i n g  w i t h o u t  undue h e a t  ga in  i n t o  t h e  o t h e r  spaces .  T h i s  
ho ld in?  a r e a  i s  l o c a t e d  a d j a c e n t  t o  t h e  i c e  s t o r a g e  a r e a  t o  f a c i l i t a t e  a c c e s s  
and  t o  t a k e  advan tage  of  common i n t e r i o r  w a l l  s t r u c t u r e s  (see F i g u r e  3 ) .  
I n s u l a t i o n  of t h e  f l o o r ,  c e i l i n q  and e x t e r i o r  w a l l s  s h a l l  be a s  r e q u i r e d  f o r  
t h e  i c e  s t o r a g e  a r e a .  Dra inage  f o r  t h e  m e l t  w a t e r  i s  r e q u i r e d .  

( 9 )  The p r e f a b r i c a t e d  t e r m i n a l  b u i l d i n q  s h a l l  c o n s i s t  of a  s lah-on-  
g rade  c o n c r e t e  f l o o r / f o u n d a t i o n ,  p r e f a b r i c a t e d  s t e e l  s u p e r  s t r u c t u r e ,  w a l l s ,  
roof and a c c e s s  docars. The roof s h a l l  be v e n t i l a t e d  wi th  wind-powered exhaus t  
u n i t s .  The w a l l s  s h a l l  b e  provided w i t h  windows t o  p r o v i d e  s u i t a b l e  l i g h t .  
The ice maker and i n s u l a t e d  s t o r a g e  s p a c e s  w i l l  be l o c a t e d  w i t h i n  t h e  t e r m i n a l  
b u i l d i n g  a s  shown i n  F i g u r e  3. 

(10  ) Residences ,  t r a n s i e n t  T l a r t e r s ,  o f f i c e ,  and Q t o r a g e  s h a l l  he  
p rov ided  a s  i n d i c a t e d  i n  F igure  3. The des ign  and m a t e r i a l s  f o r  t h e  
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r e s i d e n c e s  s h a l l  be  a p p r o p r i a t e  f o r  t h e  a r e a  and  usage .  Design and 
c o n s t y u c t i o n  s h a l l  be  c o o r d i n a t e d  wi th  t h e  c o n s t r u c t i o n  and i n s t a l l a t i o n  
schedule f o r  t h e  remainder  of  t h e  t e r m i n a l .  

S i t i n g  I n f o r m a t i o n  

The t m i n a l  s i t e  i s  l o c a t e d  on t h e  n o r t h ~ r l y  shor?  of t h e  l a k e  i n  Wadi 
~1 mwayan, some 1 2  lan fmm t h e  v i l l a g e  a t  t h e  edqe  of t h e  Favoum O a s i s  and 
a b o u t  45 km west  of t h e  c i t y  of E l  Favoum. The s i t e  i s  nea r  t h e  out"1.1 of 
t h e  i r r i g a t i o n  d r a i n a g e  l i n e 1  a  c a n a l  through t h e  q a s i s  a n d  a n  underqround . 
pipe  ( t u n n e l )  a c r o s s  t h e  Wadi, t 3 a t  d r a i n s  +_%e i r r i g a t e d  f i e l d s  i n  t h e  o a s i s .  
Except  a t  t h e  l a k e s h o r e ,  t h e r e  i s  no  v e g e t a t i o n  i n  t h e  Wadi. There  i s  nr, 
o t h e r  l a n d  i n  u s e  i n  o r  nea r  t h i s  s i t e  e x c e n t  f o r  t h e  e x i s t i n g  d r a i n a q e  l i n e ,  
s o  t h e  s p e c i f i c  l o c a t i o n s  of t h e  b u i l d i n g s  and  s o l a r  u n i t s  can be a r r a n q e d  i n  
a l m o s t  any  . f a sh ion .  The ambient  t e m p e r a t u r e  can  reach 50°c d u r i n g  t h e  y e a r  
a d  th is  a r e a  i s  a l s o  s u b j e c t  t o  winds. A s  p r n v i o u s l v  s t a t e d ,  a n  e l e c t r i c  
power l i n e  t e r m i n a t e s  a t  t h e  v i l l a g e  a t  t h e  edge  of t h e  . o a s i s  h u t  cannot  
p r o v i  de  power f o r  t h i  s Pro  j e c t .  

System T e c h n i c a l  Data a n d  Desi yn S p e c i f i c a t i o n s  

s p e c i f i c a t i o n s  f o r  t y p i c a l  i c c  m a k e r s  a r e  q i w n  i n  T a b l e  1. P r e l i m i n a m  
s p e c i f i c a t i o n s  f o r  t h e  solar-powered c o l a  s t o r a g e  and i c e  maker d i e s e l  a r e  
p r e s e n t e d  i n  Table  2  

D e t a i l e d  Design, Deve lcpment , I n s t  a l l a t i o n ,  and T e s t i n q  Requirements 

The component u n i t s  of t h e  SyStc?m s h a l l  be des iqned  t o  be i n t c q r a t e d  
i n t o ,  a n d  f u n c t i o n  a s ,  a t o t a l  syst.em. The b a s i c  l o a d s  and  env i ronmenta l  
f a c t a s  a r e  d e s c r i b e d  i n  t h e  Concent D e s c r i n t i o n  and n r ranqed  a s  i n d i c a t e d  
s c h e m a t i c a l l y  i n  F i g u r e s  3 and 4 -  The p r e f a b r i c a t e d ,  i n s u l a t e d  l o c k e r  u n i t s  
f o r  i c e  s t o r a g e ,  c o l d  s t a r a q e  of i c e d  f i s h ,  and t h e  i c e  maker and convevor 
w i l l  be  des igned  a n d  p lanned f o r  i n s t a l l a t i o n  i n  t h o  f a c i l i t y  b u i l d i n q  a t  t h e  
s i t e -  The o r g a n i c  Rankine c y c l e  c h i  l ler  u n i t s ,  s o l a r  c o l l e c t o r s ,  c o n t r o l s ,  
a n d  i n s t r u m e n t a t i o n  s h a l l  be des igned ,  developed,  and a s sembled  a s  a  
f u n c t i o n i n g  sys tem ( a g a i n s t  a  dummy load)  and t e s t e d  i n  t3e Un'.ted S ta t e s .  t o  
a s s u r e  p r o p e r  f i t  and  o p e r a t i o n a l  performance. These u n i t s  s h a l l  be a d j u s t e d ,  
w i th  emphas is  on  t h e  c o n t m  1 and ins t l - r lmenta t ion  p o r t  i o n s ,  t o  demonst ra tn  t h e  
p rope r  p e r f  onnance of t h e  s o l a r - p w e r e d  u n i t s .  Fol lowing s u c c e s s f u l  
demons t ra t ion  t e s t i n g ,  t h e y  s h a l l  he diamantlcr!  and s % p w d  t o  +ha s i t e  i n  
~ g y p t  where t h e y  w i l l  be r e a s ~ e m b l e d .  w i t h  t h e  non-eolar  p o r t i o n s  of t h e  svstem 
a c c w d i n q  t o  t h e  c o n s t ~ ~ c t i ~ n  and i n s t a l l a t i o n  p l a n s  and schedu le .   he 
i n s t a l l e d  system w i l l  t h e n  be thoroughly  checked and t e s t e d  t o  e n s u r e  t h a t  it 
pe r f  o m s  p r o p e r l y  A f t e r  sys tem check-out  i n  E a m t  i s  c m n l e t c i d  
s a t i s f a c t o r i l y ,  t h e  system w i l l  undergo a n  o p e r a t i o n a l  t e s t i n g  p e r i o d  of 
y e a r s  d u r i n g  which comple te  d i a g n o s t i c  d a t a  w i l l  he  r eco rded  and analyzed.  

Moni to r ing  and  E v a l u a t i o n  Data Requirements 

The S o l a r  Rankine Cyc le  System (SFCS) w i l l  i n c o r p o r a t e  i n s t r u m e n t a t i o n  
which w i l l  a l l o w  t h e  s o l a r  Rankine cycle-nowered c o l d  s t o r a g e  s v s t e m  
e f f i c i e n c y  ( i .e. , i n s o l a t i o n  a v a i l a b l e  v e r s u s  mechanical  e n e r g y  o u t p u t )  t o  be 
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det:.rmined. The i n s t r u ~ e n t a t i o n  i s  e x p e c t e d  t o  i n c l u d e  s e n s o r s  t o  measure 
t o t 3 1  i n s o l a t i o n ,  c:xtern;ll and i n t e r n a l  t e m p e r a t u r e s ,  and wind v e l o c i t y ,  a s  
well a s  a recordc:r. In  a t lc i i t ion ,  tonnc~cjr of f ir;))  packed and s h i p p e d ,  and 
t . c ] ~ !  ipment f a i l u r e s  and/or  mnl f unc:t.j c ~ n s  wi I I he 1ocjgc.cI. 

The r e q u i r e d  a c t i v i t i e s  t o  implement t h e  p r o j e c t  a r e  l i s t e d  below and on 
t h e  schedu le  i n  Fj  q u r e  6 .  

(1) S i t e  s e l e c t i o n ,  c o n c e p t u a l  d e s i g n ,  and s p e c i f i c a t i o n s  

( 2 )  System d e s i g n  and  e n g i n e e r i n g  

( 3 )  Hardware procurement  and rnanuf a c t u r e  

( 4 )  U.S. s i t e  work,  i n s t a l l a t i o n ,  check-out  and  t e s t  

(5) Disassembly ,  p a c k i n g  and sh ipment  

( 6 )  P r e p a r a t i o n  of  o p e r a t i o n a l  and  t r a i n i n g  manuals  

( 7 )  Egypt ian  s i t c  work, c o n s t r u c t i o n  and i n s t a l l a t i o n  

( 8 )  Check-out, s t a r t - u p  and t r a i n i n g  

( 9 )  System o p e r a t i o n ,  mon i to r ing  and e v a l u a t i o n  

Q a t t a r a  and  t h e  Governora t e  M i n i s t r i e s  of Supply  a n d  E l e c t r i c i t y  f o r  
Fayoum w i l l  be  r e s p o n s i b l e  f o r  t h e  s i t e  p r e p a r a t i o n ,  sys t em o p e r a t i o n ,  
m o n i t o r i n g  and e v a l u a t i o n  a c t i v i t i e s  of t h e  p r o j e c t ,  w i th  t e c h n i c a l  a s s i s t a n c e  
from t h e  U.S. c o n t r a c t o r .  The U.S. c o n t r a c t o r  ( s ) ,  under  t h e  d i r e c t i o n  of t h e  
u.S. P r o j e c t  Manager and  working i n  c o o p e r a t i o n  w i t h  Egyp t i an  c o u n t e r p a r t s ,  
s h a l l  be  r e s p o n s i b l e  f o r  t h e  concep tua l  d e s i g n  of t h e  sys tem and development 
of sys tem s p e c i f i c a t i o n s  which a r e  s u i t a b l e  f o r  t h e  s o l i c i t a t i o n  of b i d s  f o r  
t h e  procurement and  i n s t a l l a t i o n  of a l l  p r o j e c t  equipment.  The U.S. P r o j e c t  
Manager, working i n  c o o p e r a t i o n  w i t h  t h e  M i n i s t r i e s  and u s i n g  o u t p u t s  of t h e  
c o n c e p t u a l  des ign  a c t i v i t y  s h a l l  p r o c u r e  under  A I D  r e g u l a t i o n s  t h e  s e r v i c e s  of 
a  U.S. c o n t r a c t o r  f o r  t h e  supp ly  of t h e  p r o j e c t  hardware,  U.S. i n s t a l l a t i o n  
and t e s t  of t h e  SRCS, pack ing ,  s h i p p i n g ,  i n s t a l l a t i o n ,  check-out ,  s t a r t - u p ,  
a n d  t r a i n i n g  of t h e  E g y p t i a n s  r e s p o n s i b l e  f o r  t h e  o p e r a t i o n  and  maintenance  of 
t h e  sys tem.  The U.S. c o n t r a c t o r  s h a l l  p r o v i d e  t h e  f o u n d a t i o n s  f o r  t h e  
equipment and a l s o  f u r n i s h  and i n s t a l l  t h e  i n s t r u m e n t a t i o n  package .  A s  p a r t  
of t h e  U.S. SRCS tes t ,  t h e  U.S. c o n t r a c t o r  s h a l l ,  i f  t h e  sys tem does  n o t  meet 
s p e c i f i c a t i o n ,  modify a n d  r e t e s t  t h e  hardware  t o  s p e c i f i c a t i o n  b e f o r e  
shipment.  I n  a d d i t i o n ,  t h e  U.S. c o n t r a c t o r  s h a l l  p r e p a r e  and f u r n i s h  
o p e r a t i o n a l ,  main tenance ,  and t r a i n i n g  manuals  of s u f f i c i e n t  d e t a i l  t h a t  t h e  
o p e r a t i o n  and s e r v i c e  of t h e  system can  be accompl ished  by Egyp t i ans .  

The U.S. P r o j e c t  Manager, working i n  c o o p e r a t i o n  wi th  Q a t t a r a  and  t h e  
ministries, s h a l l  d i r e c t  t h e  U.S. c o n t r a c t o r  i n  t h e  i n s t a l l a t i o n  of  t h e  f i e l d  
tes t .  I t  i s  e x p e c t e d  t h a t  t h e  U.S. c o n t r a c t o r  w i l l  s e l e c t  and  s u b c o n t r a c t  t o  
a n  Egyp t i an  



SPECIFICATIONS 

Operating: 14,006 Itn. Operating: 23,m Iba 
Shipplng: 12,000 Ibs. Shlmlng: 21,000 lbs. 

Stmdard Elalrkd Power: 460 volt. 3 phase, 80 hertz. 
Controls: 230 volt, 1 phase. 60 he* .Other electrical requlmnts can be turnlsbrl.) 

50 hp ammonla compressor - Refrlgemnt 12 also available 100 hp ammanla corrcprsssor 

Shell and h~be water cooled condenser 

w* comecwm 

NOTE: Csprlty b a n d  on Amblsnl (Alr) Twnperelum 90.F. 
b* copully of Refrlgeranl 12 
unln mllghtly I a o r  then P-24A. 

T a b l e  1. T y p i c a l  Icemaker Spec i  f i c a t i o n s  



COLLECTOR ARRAY 
GLAZED, SO\ITlI-FACING, GROUND-MOUNTED, 25  

TON RANKINE 
I D  DRIVING A 

POWER CONSUMPTION NDGNSER WATER PUHP 
NKINE POWER CON- t '  

S I M P T I O N  
SYSTEI! CONTQOL 
TOTAL 

DIESEL/GENERAT@R REDUNDANT UNIV:S, 125 kW EACH. PROVIDES 
POWER FOR ICE-MAKING t lACHINE,  AND PROVIDES 
ALL SOLAR ELECTRIC POWER C O N S W T I O N  AND 
POWERS COMPRESSOR UNDER CONDITIONS O F  NO 
SOLAR POWER. 

D 

Tab1 e 2 .  Prel iminary Specifications for Solar-Powered 
Cold Storage and Icemaker Diesels 
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figure 6.  Sched'ule 

- 

(9) S y s t e m  Operat ion,  Monitoring, 
and Evaluation 

I r 
YEARS BY QUARTER 

A CTIVITY 1 2 3 4  1 2 3 4  

(1) Site Selection, Conceptual  
Design, and Specif icat ions 

(2) S y s t e m  Design and 
Engineering 

(3) ~ a r d w a r e  P r o c u r e m e n t  and 
Manufacture 

(4) U. S. S i t e  Work,  Instal lat ion,  
Checkout, and T e e t  

(5) Disaesembly,  Pack ing ,  
and Shipment 

(6) P r e p a r a t i o n  of Operat ional  

1 2 3 4  

4 1  

4 
and Tra in ing  Manuale 

(7) Egyptian S i t e  Work,  Con- 
r t ruc t ion  and  Inetal lat ion 

(8) Checkout, S tar tup,  and 
Training 

1 2 3 4  

- 

1 2 3 4  



R-36 
c o ! l t r a c t o r  t h v  5it.c ~ ) r c - p l ~ r a t i o n ,  C o n s t n l c t i o n ,  a n d  f o u n d a t i o n  work .  The  U.S. 
c o n t r a c t o r  s h a l l  he r e  : : m n s i h l e  f o r  t h e  s i ~ c c e s r , c u l  check-out.  and st a r t - v ~ p  of 
t h e  sys tem.  H e  s h a l l  a l s o  t r a i n  s i t e  p e r s o n n e l  a n d  s t a f f  members o f  t h e  
m i n i s t r i e s  and t h e  a s s i g n e d  s i t e  manager  i n  t h e  o ~ e r a t i q n  a n d  mai .n tenance  oC 
t h e  s y s t e m .  

?he U.  S. c o n t r a c t o r  s h a l l  v i s i t  t5e i n s t a l l a t i o n  p e r i o d . ; c a l l y  d u r i n q  t h e  
f i r s t  two  y e a r s  of  o p e r a t i o n  f o r  t h e  p u r p s e  of e n s u r i n q  t h a t  t h e  s y s t e m  i s  i n  
good o p e r a t i n q  c o n d i t i o n .  The c o n t r a c t o r  - a n d  s i t e  mqnager s h a l l  ~ e r f o m  
s c h e d u l e d  n ~ a i n t e n a n c e  a c t i v i t i e s  a n d  e f f e c t  s v s t e m  remirs, a s  r e q u i r e d .  The  
GOF: s i t e  manager  s h a l l  h e  r e m o n s i h l e  f o r  t h e  c o l l e c t i o n  and e v a l u a t i o n  of 
p r o j e c t  d a t a .  T h e  U.S. P r o j e c t  Manager ,  Q a t t a r d ,  t h e  s i t e  m a n a q e r  a n d  t h e  GOE 
m i n i s t r i e s  s h a l l  D r e n a r e  p r o g r e s s  ?-?ports a n 4  t h e  ' i n a l  r e p o r t .  T h i s  f i n a l  
r e p o r t  s h a l l  p r e s e n t  , a s a  minim~im: 

( 2 )  The c o l l e c t e d  m o n i t o r i n g  d a t a ;  

( 3 )  S t a t e m e n t s  or' equ inment  f a i l u r e s  a n d / o r  m a l f u n c t i o n s ;  

( 4 )  A c h a r a c t e r i z a t i o n  o f  t h e  s i t e  i n s o l a t i o n ,  t e m p e r a t u r e ,  a n d  wind  
reg ime  ; 

( T i )  Recommendat ions  a s  t o  t h e  s u i t a b i l i t y  o f  s u c b  s y s t e m s  f o r  use i n  t h e  
E g y p t i a n  c o n t e x t ;  a n d  

(5) Recommendat ions  for m o d i f i c a t i o n s  t o  t h e  S X S  which m i g h t  i n p r o v e  
t h e  s y s t e m  o p e r a t i o n  i n  t h e  E g y p t i a n  e n v i r o n m e n t .  

1 1 . 4  FIELD TEST " 0 s  ESTUlATE 

The f i e l d  t e s t  cost i s  e s t i m a t e d  t o  he $ 2 , 2 6 5 , 0 0 0 .  
a r e  i t e m i z e d  be low : 

Sys tem D e s i g n  a n d  E n g i n e e r i n g  
Equipment  FOB M a n u f a c t u r e r  
U.S. S i t e  Work, Assembly ,  I n s t a l l a t i o n ,  a n d  T e s t  

(SRCS tes t  i n 9  o n l v  ) 
O p e r a t i o n  and Mil in tenance  Manua ls  
P a c k i n g  a n d  S h i p p i n g  
E g y p t i a n  S i t e  Work a n d  I n s t a l l a t i o n  
Check-out  a n d  S t a r t - u p  ( 3  m o n t h s )  

The 9 a j o r  e!.ements 

S y s t e m  O p e r a t i o n ,  M o n i t o r i n g  a n d  E v a l u a t i o n  ( 2  y e a r s )  440 ,000  
T o t a  1 $2 ,265 ,000  

BEST AVAILABLE COPY 
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C F T A l  l S OF THE ECONOMIC ANALvSl  S 

7f:e Yet P r e s e n t  Y a l u ~  ( H P V )  e q u a t i o n  
. . 
. . 

n 
NPY -Co + Z 

(Bi  - cl) 
- 
- 1-1 (1+rli 

c a n  be r e f o r m u l a t e d  t o  
Net P r e s e n t  Va lue  = 0 = P r e s e n t  v a l u e  r e v e n u e  - P r e s e n t  v a l u e  c o s t s  

Assume t h e  f o l l o w i n g :  

CP = c o n s t r v c t i o n  p e r i o d  i n  y e a r s  
UL = u s e f u l  l i f e  o f  p r o j e c t  i n  y e a r s  
n = CP + UL = t o t a l  number  of  y e a r s  

P p  = p r i c e  o f  t h e  " p r o d u c t "  
Qp = q u a n t i t y  o f  t h e  " p r o d u c t H  
Pf = p r i c e  of i n p u t  f u e l ,  i f  any 
Qf = q u a n t i t y  o f  f n p u t  f u e l ,  I f  a n y  
IC = i n i t i a l  c a p l t a l  c o s t  of t h e  s y s t e m  d i v i d e d  by CP 
OM = o p e r a t i n g  and m a i n t e n a n c e  c o s t  ( a n n u a l )  
r = r a t e  o f  r e t u r n  
e = a n n u a l  e s c a l a t i o n  r a t e  f a r  Pf 

Then: 

To set r e v e n u e s  equal t o  cos.ts: 



n 1 
The expression. p .-f . can be simplified to: 

1.1 (I+r) 

 hi^ is known as the uniform present worth formula (UPUF). T h i s  factor ,  when 
multiplied by a period paymnet ( A ) ,  given the present value of the payment 
over Y periods. - 
J n  these applications . the  con~t ruc t ion  period i s  e i ther  zero or one year. In 
order t o  evaluate a se r ies  of costs and benefits which s t a r t  one or more 
periods i n  the future and l a s t  over the l i f e  of the project, the process can 
be simplified, using the UPgF factors ,  as follows: 

Therefore, UPUF, I UPWF, - UPWFCp 
CP+1 

Where,iUPWFj = the uniform present worth factor  from year i t o  year j. 

Substi tuting these resul ts  in to  equation (6)  we have: 



that p+lMLIPWFn is the modified U P W  which includes the (I + e), or 5 n ~ i - 3  csca ation, in the formula. The same procedure as that used in equation 
( 6 )  a b ~ v e  applies t o  the VKJPWF in equation (7). 

Dividing both sides of equation (7) by (cp+lUPW,,) and Qp, we have: 

Therefore, given the values of the variables on the fight side of equation (8) 
the "price" of the delivered energy for each specific application cen be 
determined. 

This very straight forward system can be applied to renewable energy 
investments where Pf and Qf would be zero or to standard energy producing 
sysiems, such as a diesel generator or a residual fuel/steam plant for 
electsricity generation. Although the formula can be nade much mare 
complicated, it is quite sufficient for examining, for a given rate of return, 
what price must be charged for a unit of energy sold. In this manner a series 
of potential renewable and non-renewabl'e energy producing investments can be 
compared. 

The form used for compiling site data end the computer program used to perform 
the analysis are included on the next few pages. 



DATA REQ'JIREMENTS FOR ECONO)*!IC U A L Y S I  S TO ESTABLISH 

$ / ~ I B T U ,  $/Kh%, and EXCEPTION REPORT FOR RENEKABLE ENERGY SYSTEMS 

P r o j e c t  I d e n t i f i c a t i o n  . . .  . .  . 
- ..- 

~ o G t i o n  
- .I . . 

Prepared by . .. 

RENEICASLE TECHNOLOGY SYSTEM I NFORTIATION 

1. I n i t i a l  c o s t  o r  c a p i t a l  c o s t  o f  system: $ ' ' 

(d i sagg , rega te  by capital,freight,ins.,etc. 
2. c o n s t r u c t i o n  p e r i o d  (1 y e a r ,  1.5 yea r s ,  e t c . ) :  - Years. 

3. L i f e t ime  of  system: Years.  

4 .  Opers t ing  and Maintenance c o s t  p e r  yea r :  $/Year. 
disa gregate  by U.S. and Egyptian)  f ? 5.  xpec ed net energy ou tpu t  p e r  yea r  (Tota l  c a p a c i t y  l e s s  

down t ime ,  unused c a p a c i t y ,  system l o s s e s ,  e t c . ) :  

DISPLACED FUEL INFORMATION 

6. Type a i ~ d  volume o f  f u e l  d i sp l aced :  

. BBL mazout 

BaL crude.  o i l  

BBL l i g h t  o i l  

BBL d i e s e l  

l3u?i e l e c t r i c i t y  from g r i d  
- . . 

Other :  

Note: If s team,  ho twate r ,  o r  o t h e r  energy i s  d i s p l a c e d ;  p l e a s e  

conve r t  i n t o '  one o r  more o f  t h e  above f u e l s  f o r  a n a l y s i s  and 

make f o o t n o t e  conveying t h i s  i n fo rma t ion  (e.g.,  d i e s e l  f u e l  used 

to g e n e r a t e  e l e c t r i c i t y ) .  

BEST AVAILABLE COPY 



7 ,  F u e l  pr ice  p a i d  by user: 

$/BBL mazout 

$/BBL crude 

$/BBL l i g h t  o i l  

$/BBL d i e s e l  

$/Kh'H from g r i d  

Other: 

8.  P lease  o u t l i n e  primary components and c o s t s  necessary  t o  

monitor t h e  performance of the  proposed technology a p p l i c a t i o n  
(Please disaggregate OhM factors) 



ANNEX C - C o n t i n u e d  

ECONOMIC ANALYSIS COMPUTER PROGRAM 

F'ROCiRAM EGY 
CtiAFZAC'T'lii:I?t 7 L.INX'T 
XNTE("'-.* J ~ K  Z r Y r N r A  
INTEGER C;l::' rljl.. r R  r CS YNCS 
r<l:AI- CAPC:L:IS'T r ClMC:(:lEl'I' r F'lJlf 1.-USlf r I,!;(:: r X ,.I , RA'TE 
REAL I( r I... r MI MUF'WFr LJPWI- r CIIF'r AC:A13C:C!:i r AOMCr AF'UEI-CP T A C T  ACU 
RI-61, LIF'WI::'N 1JF'WF'C:F' r frSUM r I-'YEAI? r FIJEI-AS1 J 

C 
C 
C VARIAPI..E :I:SlEN'T1:I-:CC:A'TX(lN 
C 
C CAF'CUS'T .- (::AF:']:'I'AI, C0!3'T OF SY8'T'I:M 
C OMi:OST := ANNI.JAL. 0 8 M COS'T (IF '1-liE SYS'T'liKllr EXLiLI.JD:ING FIJEL 
C F'LIEL-IJSE :.: ANNUAI- FUEL. 1jSAOE FC)I:< 0F'ILllA'l'IC)N 
C FI.JEI,COS =: :LNI'TIAI,. CCIS'T OF FI.JEI ... 1''E:li U N I T  
C ESC = ANNI.JAL. REAI.. RATE (IF FLJEI.. ESC:RL.A'TION 
C RATE - RA'TEL QI:: RETU[<N 
C N - NLJMBE:R O F  YEARS 
C CRF = (:;APT'l'Ab. RECOVERY FAC'TUR 
C IJPWF = TNVENSE F-O CKI- AN11 I.JN:IF'C)I';\'M SERIES F:'WF 
C M1IF:'WF =: LJT.:'WF WI:'Tti ESC:AI.-A'l':I:N(; F l  ., IEI ... PIIIC:E 
C ACLJ := ANNIJAI..:I: ZE:B COST I:;'lii:R DEI ... :CVIEIIETl LJN:['T 
C AC:AF'CC)S :- ANN I.JAI ... :I: ZIE 1:1 C: At::' S 'I' At.. C: 1:)s 'T 
C AL:IMC - ANNlJAl ... l:ZliiKl O 8 M C;C)S'l' 
C 41:-LJEL - ANN1JAL.IZED F'LIEL C:C)!3'1' 
C: 'I' A (:: := 'T'CI'TAI ... ANNI.JAL I ZED CCIS'T 
c LJL- - LJSE:F'LJL. I-:IF'E OF "rti11: I"II(:).JECT IN YE.:A~~S 
c cp := CL:)N!3'l'RUC'TTON F'EliXO1:I C)N YEARS 

C CS =: CL3N!!'l'FZL.JC'T STRR'I' YEAN 
C NCS - NIJMBE!R 01: YE:AI:i'S F l i 0 l l  FUUI. F'RI(~I5: YI!i:AR TI:! I:!j 

C F'IJE~:L.AX'IJ - F'IJEI- F:'R%Ct:. R1:l.J rZAC:'TOR I='Qli N(:)N-CIJHRENT S'I'RII"T 'T:CME 
C 
C IN'I'II:I:ZAC'TIVI? 1:lA'T'A 1NF:'LI'T 
C 

p1.1 1 N'T* ' W 1.1 A 'T' :I: '5 '7' 1-1 111: ;I N % '7' :L A L. (:: (:I !j 'T (:I F: '7' 1-1 1 !j Y g 'l' 1: M 7 ' 
kEiAICIt r C:AF'L:0$;'I' 
I::'I?IN'Ttr 'WI-IR'I' :[!ii '7'1-llii: ANNL.JAI ... CIXM t:;Cl!S'T CII':' 'THE SYS'Tlii:M'?' 
lilL:ADt r C1MI::CIS'I' 
F:'I:ZIN'T'tr 'ti13W M1Ji:;I.i NClNI:ZI~!:Nlii:WABI.,lii: 1::'L.llii:l ... TIC)li,S 'TI-iI, !3YS'TErM L.JSE ANNIJAI .-I...Ye?' 
liii:ADt r I::'I.IE:I ... USE: 
I I : N l '  t ' I-l(:l W M L.j C: I4 X:I i:l I: S '1' t i  :C !: 1::' IJ Ei: I... I:: (:I!? '1' N C) W 7 ' 
1:;'EADt r F'l.JE:I ...COS 
I::'H:[N'TL r ' WI-IA'T :LEI 'T'tiE CONS'I'Rl.J(l'T :[GIN PC-:R :[ OI:l? ' 
REZAIIJY CF:' 
I2'R:[N'Tt 9 ' l:N WWA'T YIE:AR IlOES C:C)NS'I'IiCIC'T I O N  !;'l'AR'T'i' ' 
III_:AI:l* r CS 
F:, I< I N .r * w 1.4 fi .r :[ $5 '7' 1.4 I:: u $3 E: I- 1.1 1.- I... :[ I:: E: o I:: .r 1.4 I;;: I::' 1.2 (:I ..I I:: c .r '? ' 
I.?E:ADtr 1.JI ... 

S N r ' W IIR'T :[ 5 J'I-II.. RNNIJAI ... NlfL'l' li.Nlii:Ii'(3Y ClI.J'I'I"I.J'T ( M ) ? ' 
liE:Ari* r M 
I::'FZ :C N'T' t r ' W t i  A 'T :[ $i 'T' I 1  lii: L.J N :[I' ( " L.JN :I: 'T 9 '? ' 
I:<l..:AU* r IJN:['T 

C 
53? 



,-. 
1.: 

(.: F: N 1;;: I:( I; Y I::$ I,; :I. (,: 1:; 1::. !:; (:: fi I... ~ . r  I (IN LI A 'r A 
i: 

F'R :L: N'TS r ' D(:) YC1L.I WAN'I' 'I'lllil F ' l i  :l'(::l'f E:SC:AI..A'rI.I:I:I F'(:)l2 CINE: VAL.IJE (AN!iWER=O) ' r 
1 ' OF f?, lihNGltt: OF VAI...[JII:$ (ANFjWER-1 ) 'i' ' 

REFiI:ljlr r Z 
I I - ( z , I : o ,o ) ' r t im  

F:'F7:IN'I'Or 'WI-lA'l' :E!; '1'1-IAT VAl ... lJE'?' 
l i  E: 1:) * , E S (1; 

E 1.- Si IE 
PRSN'TYI 'WI-114.1' ARE 'TI.4E LOWER ANSI CJI::'F0ER 1-:IM:l'I'S ( I r  .J) '?'  
RF'RDP 

Y 1: ? ,.J 
E:ND IF7 

C 
C 
C 
C FiA'Tli: Ill-' Filf.I'r(.JRN DATA 
C 

F'FiIN'Tt r ' I:IC) YCIU WANT ONE RATE CIF' RE'TI.IRN (ANSWER-0 ) ' 
F'RXN'Ttv '(:)I? n :t;t:Ns:rr:r.ur.rv ~N~~~ . -~~~ ! ; (ANsL IER: - I  1 7 '  
F\'EAI:Itv Y 
I r= Y . . o I 'r I.~I::: N 

I::, 1:; :I: N ,r * , 4 1 1  1: c; -r 14 4 ,q .r c) p [+ ~2 \ j N *is 

l?f::AI:l# ? I\ 
1.- :=: I< .t , O 1. 

ELSE > 

PFi':I:N'TSr 'WIIA'T ARE 'TtiEi: L..C)WER ANII l.JF'I::'Ii:l? I-IEil:'r!s ( K ?  I.-)'?' 
RETAI:I#v l i p  I... 

END I F  
C 
C 
c: 
135? 



F'RIN'T* ' I3ATE I,SC CIOS'T' F'ER ' rl.JN:L'T 

N = CF' t UL. 
NCS = CS - 1 9 8 1  
K10 10 1::'-lirl.., *02  

RA'T'f.. := p 
DO 20 Q - 1 v . J ~  +OS 

IF(Z+EQ,I) ESC = n 
:I:I= (Rn.rE * ECJ, ESC THEN 

MUF'WF = N 
ELSE 

FSlJM = 0 
DC) J O  13:-(ZF't l 9 N 9 1 

FYEAR = ( ( 1 t ESC **I3 / ( ( :I. t RATlf )**I?) 
FSlJM - I-SUM a t  I'YEAII 

C:ClN'I' I N U E  
MlJF'WI:: := FSlJM 

f!ND :EF 
IJF'WFN :-: (:I. .-(I t Fi'R'rli:)t*(.-N) )/I:<AAI'I: 
lJI='WF'C:P :- (1 *.-(:L .t I3h'TI::)**(.-(::l") )/13AATE 
[ ,J~WF := UI:'WF:N -. [,Jl:'WI:(';p 
(:; F ::: 1 / [ J  1::' W 1: 
:I: F ( c 1::' + 1::: (:J * o .r 14 c:: N 

,e, (1: I::* c; (:I s :::: (:;A F:' (:; (:) s 7' * C: 1.3 I::' 
lil I... 6 1:: 

A(:;Al::l[;;(]c; :; ((:;A~:l[;[]S'~/(:;~:l)*[.j~Wl:(:;l':s*[;fi~ 
I:NX:l I F :  
A (:I M C: = C) M C: l) ti 1' 
I::'lJI,LAD;J :. ( 1 t IEEiC; ) * tNCS 
AI::'l!I...I ... C := MI.lI~'WI:~~l-'l.JI.~:I.,l.~SE~ (I:~l.JEI-(Z1lS t I:'lJEI-A1l.J ) *CKF 
'TAC ::: ,qcnpcos t AoMc; .t ,~~uEI...[:: 
ACLJ := 'T'A(::/M 
1::' '1, N 'T * , 13 .r 1:: , ' ,E,SCr ' ' v AlXJ r ' F'ER ' 9 l.JNX'T 

C:t.)N'T' :I Nl.JE 
i: (11 N 'T' :I. N IJ 1:; 

N Y 'ANC)'THlii:R Rl.lN7 (YES::;:l. r NC1:::O) ' 
l3l~;.AKl* , A 
:I:I'(A+I:~+ :L ).rtil:N 

GCI TC) 50 
If 1-SE 
EN11 I F  
c..- 
,.) I O F' 
EN11 



! Initial Annual Construction Useful arnual 
Cost 0 &M Period Life kilergy inergy 

Project Locat ion $ $/year Years Years Output Unit 
.--- 

Solar Water Heating for a Xilk Cairo 555,000 3,500 . . 

1 Products Plant 
i 
! Solar-Assisted Fruit Dehydration Cairo 112,000 1,150 1 25 190 ,WTU/yr 

Solar Energy and Heat Recovery 
for Poultry Processing 

Cairo 626,000 3,500 

S harqi ya 540,000 3,500 Solar Energy and Heat Recovery 
for Textile Dyeing 

Solar Heating for Metal 
Processing 

Cairo 1,600,000 10,000 

Photovoltaic-Powered Fisherman 
Shelter Systems 

Aswan 15,000 200 
(per shelter) 

Photovoltaic-Powered Irrigation 
Sys tems 

Assiut; 7,000 100 
Qena (per site) 

Village Wind Power System Marsa Matruh; 166,000 3,000 
Red Sea 

Solar Rankine Cycle Cold 
Storage System 

Faiyum 275,000 2,750 

Wind Powered Reverse Dsmosis 
Desalination System 

Red Sea 662,000 5,100 

Photovoltaic Powered Reverse 
Osmosis Desalination Sys tern 

Marsa Matruh 545,000 5,300 

Input Data for Renewable Energy Technology Applications in 1981 

TABLE I V  6-1  



P r o j e c t  

Conventional 
Unit Energy Cost f o r  Renewable Energy Technology Technology 

ROR - .04 ROR - .10 ROR - .16 Replaced 

S o l a r  Water Heating f o r  a Milk $19.08/MMBTU $30.53/MMBTU $ 43.161MMBTU Steam B o i l e r  
Products  P l a n t  

So la r -Ass i s t ed  F r u i t  Dehydration $43.79/MMBTU $71.OO/MMBTU $102.73/MMBTU Steam B o i l e r  

S o l a r  Energy and Heat $13.40/MMBTU $20.82/MMB~u $ 29.48/MMBTU Steam B o i l e r  
Recovery f o r  P o u l t r y  Process ing  

S o l a r  Energy and Heat 
Recovery f o r  T e x t i l e  Dyeing 

$ 3.33/MMBTU $ 5.15/tlMBTU $ 7.28lMMBTU Steam B o i l e r  

S o l a r  Heat ing f o r  Metal  P rocess ing  $21.29/MMBTU $33.00/MMBTU $ 46.64/MMBTU Steam B o i l e r  

Photo;-oltaic-Powered Fisherman 
S h e l t e r  Sys t e m  

Photo-zoltaic-Powered I r r i g a t i o n  
S y s t ~ r r  

V i l l a g e  Wind Power System 

S o l a r  Rankine Cycle Cold S t o r a g e  
S y s t e ~  

Wind Pawered Reverse Osmosis 
Desa l ina t ion  System 

t 

P h o t o ~ o l t a i c  Powered Reverse Osmosis 
Desa l ina t ion  System 

$ 1.87IKWH $ 2.62/KWH $ 3 . 4 8 1 ~ ~ ~  Gas Engine/ 
Generator 

$ 3 . 3 2 1 ~ ~ ~  $4.64/KWH $ 6.16/KWH Gas ~ n g i n e l  
Generator 

$ .85/KWH $1.25/KWH $ 1.72/KWH D i e s e l  Generator  

$ 1.31/KWH $ 1.99/KWH $ 2.79/KWH Diese l  Generator  

$ .2O/KWH $ .30/KWH $ .43/KWH Diese l  Generator  

$ .6O/KWH $ .91/KWH $ 1.28IKWH D i e s e l  Generator  

R e s u l t s  o f  Economic Analyses f o r  Renewable Energy Technologies i n  1981 

Annual 

F u e l  
Displacement 

490 b b l  D i e s e l  

48 b b l  D i e s e l  

1075 b b l  D i e s e l  

2900 b b l  Mazout 

1200 b b l  No. 2 
f u e l  o i l  

250 g a l l o n s  
g a s o l i n e  ( p e r  

s i t e )  
66 g a l l o n s  
g a s o l i n e  (pe r  7 

site): 
92 b b l  D i e s e l  

49 b b l  D i e s e l  

683 b b l  D i e s e l  

1 8 1  b b l  D i e s e l  

TABLE I V  8-2 



Fuel Esca 1 a t  i o n  U n i t  Energy Cost o f  Convent iona l  Technology 
Convent iona l  Technology %/year  ROR = .04 ROR = . I 0  ROR = . I 6  

B o i l e r :  

(1  b o i l e r  horsepower b a s i s )  
I n i t i a l  Cost: $300 
Annual OEM Cost: $30 
Annual Fue l  Usage: 2900 g a l s  
Fue l  Cost :  $ l . l O / g a l l o n  
C o n s t r u c t i o n  Per iod :  1 y r  
Use fu l  L i f e :  20 yea rs  
Annual Net Energy Output :  
273 MMBtu 

D i e s e l  Engine/Generator :  

( f o r  1 kW c a p a c i t y )  
I n i t i a l  Cost :  $350 
Annual OEM Cost :  $175 
Annual Fuel  Usage: 424 g a l s  
(No. 2 d i e s e l )  
Fue l  Cost: $ l . l O / g a l l o n  
U s e f u l  L i f e -  5 years  
Annual Net Energy Output :  
3600 kwh 

t 

Gaso l i ne  Engine/Generator :  

( f o r  1 klJ c a p a c i t y )  
l n i t i a l  Cost :  $1,000 

0 

Annual O&M Cost: $322 
Annual Fue l  Usage: 300 g a l s  

5 

Fue l  Cost :  $1.20 
U s e f u l  L i f e :  3 years  

10 

RESULTS OF ECONOMIC ANALYSES FOR CONVENTIONAL TECHNOLOGIES IN 1981 

TABLE I V  0-3  



I n i t i a l  Annual Construction Useful Annual 
Cost 06M Period Li fe  Energy Energy 

Projec t  Location $ $/year Years Years Output Unit 

Solar Water Heating f o r  a Milk Cairo 434,000 3,500 1 2 0 2,250 MMBTUIyr 
Products Plant  

Solar-Assisted F ru i t  Dehydration Cairo 67,000 1,150 1 2 5 190 MMBTU/yr 

Solar Energy and Heat Recovery Cairo 491,000 3,500 1 
for  Poultry Processing 

Solar Energy and Heat Recovery Sharqi ya 4 36,000 3,500 
for  Text i le  Dyeing 

Solar Heating f o r  Metal 
Processing 

Cairo 1,310,000 10,000 

Photovoltaic-Powered Fisherman Aswan 4,350 - 100 0 15 830 KWH/yr 
Shel te r  Systems (per s h e l t e r )  

r) 
I 

Photovoltaic-Powered I r r i g a t i o n  Assiut ; 1,225 5 0 0 15 220 KWH/yr 
Sys tems Qena (per s i t e )  

Village Wind Power System Marsa Matruh; 86,000 1,800 
Red Sea 

Solar Rankine Cycle Cold 
Storage System 

Faiyum 245,000 2,750 1 20 17,580 KWH/yr 

Wind Powered Reverse Osmosis Red Sea 575,000 5,100 1 
Desalination System 

Photovoltaic Powered Reverse Marsa Matruh 185,000 3,700 1 
Osmosis Desalination S ys tern 

e--' s < 
Table I V  B-4 

Input Data for  Renewable Energy Technology Applications i n  1990 



P r o j e c t  

Uni t  Energy Cost  f o r  Renewable Energy Technology 

ROR - .04 ROR - .10 ROR - .16 

Convent ional  '.r,. :?!. 

Technology F u e l  
Replaced D i s n  Lacement 

S o l a r  Water Hea t ing  f o r  a Milk 
P r o d u c t s  P l a n t  

Steam B o i l e r  090 b b l  D i e s e l  

S o l a r - A s s i s t e d  F r u i t  Dehydra t ion  

S o l a r  Energy and Heat 
Recovery f o r  P o u l t r y  P r o c e s s i n g  

S o l a r  Energy and Heat 
Recovery f o r  T e x t i l e  Dyeing 

S o l a r  Hea t ing  f o r  Metal P r o c e s s i n g  

Pho t o v o l  taic-Powered Fisherman 
S h e l t e r  System 

Photovoltaic-Powered I r r i g a t i o n  
Systems 

V i l l a g e  Wlnd Power System 
I 

Steam B o i l e r  48 b b l  D i e s e l  

Steam B o i l e r  1075 b b l  D i e s e l  

Steam B o i l e r  2900 b b l  ?lazout 

Steam B o i l e r  1200 b b l  No. 2 
f u e l  o i l  

Gas ~ n g i n e /  250 g a l l o n s  7 
Genera tor  g a s o l i n e  ( p e r  A 

s i  te7  
Gas Enginel  66 g a l l o n s  
Genera tor  g a s o l i n e  ( p e r  

s i te )  
Diesel Genera to r  92 b b l  Diesel 

I 
j S o l a r  Rankine Cycle Cold S t o r a g e  $ 1 . 1 8 1 ~ ~ ~  $1.79/KWH $2.51/KWH - D i e s e l  Genera to r  49 b b l  Diesel 

System 

Wind Powered Reverse Osmosis $ .17/KW $ .27/KW $ .37/KWH Diesel Genera to r  683 b b l  Diesel 
D e s a l i n a t i o n  System , 
P h o t o v o l t a i c  Powered Reverse Osmosis $ .23/KWH $ .33/KWH $ .46/KWH Diesel Genera to r  1 8 1  b b l  Diesel 
D e s a l i n a t i o n  System 

I-C- 
Table IV B-5 
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Fuel Esca 1 a t  i o n  U n i t  Energy Cost o f  Conventional Technology 
Conventional Technology %/year ROR = .04 ROR = .10 ROR = . I 6  

Boi l e r :  

(I bo i  l e r  horsepower bas is )  
l n i t i a l  Cost: $300 
Annual O&M Cost: $30 
Annual Fuel Usage: 2900 g a l s  
Fuel Cost: $ l . lO /ga l l on  (1981) 
Const ruct ion Per iod:  1 y r  
Useful  L i f e :  20 years 
Annual Net Energy Output: 
273 HHBtu 

Diese l  Enaine/Generator: 

( f o r  1 kW capac i t y )  
l n i t i a l  Cost: $350 
Annual O&M Cost: $175 
Annual Fuel Usage: 424 g a l s  

1 (No. 2 d i e s e l )  
Fuel Cost: $ l . lO /ga l  I o n  (1981) 
Useful  L i f e :  5 years 
Annual Net Energy Output: 10 
3600 kwh , 

Gasol ine Enaine/Generator: 

( f o r  1 ki.1 capac i t y )  
l n i t i a l  Cost: $1,000 
Annual O&M Cost: $322 
hnnual Fuel Usage: 300 g a l s  
Fuel Cost: $1.20 (1981) 
Useful  L i f e :  3 years 

Resu l t s  o f  Economic Analyses f o r  Conventional Technologies i n  1990 

Table IV 8-6 
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Annex E 

Detailed Financial T a b l e s  



F I E L D  TEST E L E M E N T  COST ESTIMATES * 

Rate Assumptions - 
U.S . Contractor = $100K/Man Year (Burdened including Overhead) 

I U.S. Travel = $1 .5K Air + 61QOIDay (per person) 

GOE 1 professional /Engineering = $1 OKIMan Year (Burdened including Overhead) 
support/Technician = $ 5K/Man Year (Burdened including Overhead) 

No real or nominal escalation used. 

Project Year 1 2 3 4 5 

GOE Contribution Assumed 

I ~ p ~ r o x i m a t e l y  50% i n s t a l l a t i o n  c o s t s  + GOE manpower i n  Operations and 
? 
& 

Maintenance suppor t .  
t 
B I 

K = $1,000 

*Does not include U.S.  or GOE Project Management. 



IELh -. TtST ELE!'.EriT C O S T  ESTIMATES 

1 .  --- So lar  Rater H e a t i n g f o r  M i l k  Products P l a n t  - -- 
Date f o r  
Economic 

'2;fgn & Engineer ing 
I: qu i pr~~cn t 

Col1 ec to rs  
Mounting S t r u c t u r e  
Piping, Valves & Pumps 
Centra l  C l  ean-up System 
Inst ruments  & Cont ro l  s 
Hot Water Storage Tank 

Manual Development Y R  3 
Shipp lng Y R  3  
I n s t a l l a t i o n  & Cons t ruc t ion  Y R  3  
Check-out & S ta r t - up  & T r a i n i n g  Y R  3  
Operat ions & Maintenance Support YR 4-5 

U.S. Cont ractor  - 116 M Y / Y R  
YR 4-5 17K + 17K 34K 

U.S. Cont ractor  Travel  S p l i t  
YR 4-5 5  man t r i p s  @ 
3 K / t r i  p  15K 

GOE Engineer 1 IEMYIY R 
5K + 5K 1 OK 

GOE Technic ian 1/2/MY/MY 
2.5K + 2.5K 5K 

0 & M Expenses 5KlYR 
5K + 5K 1 OK 

15% Spare Equipment, M o d i f i -  
ca t ions ,  Ex t ra  Expenses 

Y R  3  66K 
T ~ K  

- - -  -- 

Tota l  Cost $91 OK 

GOE Con t r i bu t i on  $ 73K 

t. U.S Con t r i bu t i on  $537K (152K LC) 

Disbursement Schedule: YR 1 2 3 4 

BESTAVAILABLE COPV 

Ana lys is  



FIELD TEST ELEMENT COST ESTIMATES 

2. S o l a r - A s s i s t e d  F r u i t  Dehyd ra t i on  

Design & Eng inee r ing  
Equipment 

Co l l  e c t o r s  30K 
Mount ing  6K 
Ducts, Fans, Dampers, e t c .  6  K 
Con t ro l  s  & Gpera t i on  

F :on i to r ing  1 SK  
Tunnel Cryer  ( 5 0 '  l o n g )  1 :OK 

(3 1 

I.:s:;ua 1 5ev e l  op;;,ent 
Sh i  pp ing  
C o n s t r u c t i o n  & I n s t a l l  a t i o n  
Star t -up/Check-out /Tra in ing 
Op?ra t ions  & Ra in tenance Suppor t  

U . S .  C o n t r a c t o r  - 1 /8  KY Y R  
12.5 + 12.5K 25K 

U.S. C o n t r a c t o r  T rave l  
4 man t r i p s  @ 3 K / t r i p  12K 

GOE Eng ineer  1  / 4  M Y / Y R  
2.5K + 2.5K 5K 

GOE Techn ic ian  1 KY/YR 
5K + 5K 1 OK 

0 & M Expenses 2.5K + 2.5K 5  K  
15% spare  equipment, e t c .  - 33K 

90K 

Data f o r  
Economic 
A n a l y s i s  

T o t a l  Cost $ 515K 

GOE C o n t r i b u t i o n  38K 
U.S. C o n t r i b u t i o n  $ 477K ( $84K LC) 

Disbursement Schedul e: YR 1  2 3 4 5 

0 250K 175K 62K 28K 

BESTAVAILABLE COPY 



T T F ' D  . TFST - ELERENT --.- -. COST FSTIMATES - . - -  

Data . f o r  
Economic 
A n a l y s i s  

3. S o l a r  Energy & Heat R e c o v e r ~ f o r  - --- P o u l t r y  Process- 

Design & Eng ineer ing  
Ec,u i pr,ent 

r o l l  e c t o r s  
I::YJ n t i  lPlg 

r i p i r o ,  n t c .  
! ; d t  !,v;:? .r L 1 1 k  

t 1-iLjv't:ry . I  t d  

Ins br,: ..n t s  8 C:,n t r o l  s  

t . .  :. ., 11 ; ~ i ' c ;  c;i,,,ent 
S?,<ppin~!  
C o n s t r g c t i o n  & I n s t a l  l a t i o n  
Stsr t -up /Check-out /Tra  i n i n g  
C ~ 3 r a t i o n s  5 Eaintenance Support  

L1.S. r = . r t r a c t r ~ r  - 1 / 4  I : Y / Y R  
25i: + 25K 

U.S. Con t rac to r  T rave l  
6 n a n  t r i p s  @ 3 K / t r i p  

GOE Engineer - 1  M Y / Y R  
I C Y ,  + 10K 

GOE Teckinician - 2 M Y / Y R  
10K + 10K 

0  & M Expenses 5 K  + 5 K  
205 Spare Equipment, e t c .  

T o t a l  Cost $940K 

GOE C o n t r i b u t i o n  
U.S. C o n t r i b u t i o n  

l l O K  
$830K ($148 LC) 

Disbursement Schedule: YR 1  2 3  4  5 

0 505K 250K 126K 5 9K 

BESTAVAILABLE COPY 



FIELD TEST ELEMENT COST ESTIMATES 

S o l a r  Energy & Heat Recovery f o r  T e x t i l e  Dyeinq 

Design & Eng ineer ing  
Equ i pment 

Co l l  e c t o r s  $ 280K 
Koun t ing  42K 
Waste Heat Recovery 25K 
L i n t  Rern~val  /Water Storage 2 OK 
G o d i f i c a t i o n s  t o  Process Equip. 20K 
P u ~ p s ,  ~ t c .  12K 
f io t  I ! a i c r  S torage 1  C K  
& x i 7  i a r y  ]dater Heater  1 OK 
Con t ro l  s  5  K 

4 - n ~  

Manual Development 
Sh ipp ing 
C o n s t r u c t i o n  & I n s t a l l a t i o n  
Start-up/Check-out/Training 
Operat ions  & Maintenance Suppor t  

U.S. C o n t r a c t o r  1  /4 MY/YR 
25K + 25K 

U.S. C o n t r a c t o r  Trave l  
6 man t r i p s  @ 3 K / t r i p  

GOE Engineer 1  MY/YR 
10K + 10K 

GOE Techn ic ian  2MY/YR 
10K + 10K 

0 & M 
20% Spare Equipment, e t c .  

30K 
30K 

1 COK 
50K 

206K 

T o t a l  Cost $ 890K 

GOE C o n t r i b u t i o n  
U.S. C o n t r i b u t i o n  

90K 
800K ( $  128K LC) 

Disbursement Schedule: YR 1 2 3 4 5 

0  474K 210K 147K 59K 

Data f o r  
Economic 
A n a l y s i s  

BEST AVAILABLE COPY 



FIELD TEST ELEMENT COST ESTIMATES . - - - . . - -- 

5. Soldr Water Heat ing f o r  Metal Processinq 

Deslgn L Engineer ing 
Equ i p e n t  

Col 1 ec to r s  $1. , OOOK 
Kount ing 150K 
P i  p ing,  e t c  . 50K 
; j o t  ;.I= ti:r Sir. ;;.LC 30K 
Control  s X 11 , , t ~ . : i , i i : ~ ' ( t S  15K 

1,245K 
: . a  , z r , ~ a l  - p : j ; ? : ( . ~ r i -  : r ~ t  
:?:i p p j n g  
Construct ion & I r ~ s t a l l a t i o n  
Start-up/Check-out/Training 
Operations & Kainter~ance 

U.S. Contractor  1 / 6  M Y / Y R  
17 K t 17K 34K 

U.S. Contractor  Travel  
5  man t r i p s  15K 

GOE Engineer 1 /2  MY/YR 
5K t 5K l OK 

GOE Technic ian 2 M Y / Y R  
10K t 10K 2 OK 

0 & M 15K t 15K 3 OK 
15% Spare Equipment 

Tota l  Cost $ 2.035K 

GOE Cont r l  b u t i o n  
U.S. Con t r i bu t i on  

Disbursement Schedule: Y R  1  2  3 4 5 

0 1295K 480K 206K 54 K 

Data f o r  
Economic 
Analysis 

BEST AVAILABLE COPY 



FIELD TEST ELEMENT COST ESTIMATES -- 

6. Photovol t a i c  - Powered Fishermen S h e l t e r  Systems 

Data f o r  
Economic 
A n a l y s i s  

Design & Eng ineer ing  
Equ i w e n t  

Per S i t e :  
PV Ar ray  
B a t t e r i e s  
Purnp ing / I r r i ga t ion  System 
I~!ater P u r i f i e r  
E/ F 
Id i r ing ,  e t c .  
L i g h t s  
Con t ro l s  & Ins t ruments  

50K 
1 OOK 1 2.5K 

Kanual s  
Sh ipp ing  
Cons t ruc t ion  & I n s t a l  l a t i o n  
Start-up/Check-out/Training 
Operat ions Support  

U.S. Con t rac to r  1/8 MY/YR 
. 12.5K + 12,5K 

U .S.  Cont rac to r  T rave l  
3 t r i p s  8 4 K / t r i p  

GOE Engineer 1 /8  MY/YR 
1.25K + 1.25K 

GOE Techn ic ian  1/4 MY/YR 
1.25K + 1.25K 

GOE Trave l  2.5K + 2.5K 
O & M  . 5 K + . 5 K  
10% Spare Equipment 

To ta l  Cost $ 275K 

GOE C o n t r i b u t i o n  28K 
U.S. C o n t r i b u t i o n  247K ( $ 3 8 ~  LC) 

4 

Disbursement Schedul e: YR 1 2 3 

50K 125K 50K 

BEST AVAILABLE COPY 



FIELD TEST ELEMENT COST ESTIMATES - .  -- --- 

Photovol  t a l c  - Powered I r r i g a t i o n  Systems 

3 S i t e s :  
Design & E n g i n e e r i n g  
Equipment 
Per S i t e :  

PV A r r a y s  $ 4300 
C o n t r o l s  660 
F L - ,  p S t 'c l tur 2000 
1 r - r - i c ; g t i t  n 3500 
I r s i r ~ ! , ,  ; - n t s i i o n  1  GOO 

$1 ? $3-60 
:4anuaS s  
S h i p p i n g  
Installation/Check-out/Training 
? p e r a t i o n s  Suppor t  

U.S. C c r l t r a c  tor 1/24 M Y / Y R  
5K + 5K 1 OK 

U.S. C o n t r a c t o r  T rave l  
2 man t r i p s  0 3 K / t r i p  6 K  

GOE Engineer  1 /10  M Y / Y R  
1K + 1K 2 K 

GOE T e c h n i c i a n  1 / 5  M Y / Y R  
l k  + l K  2K 

GOE T r a v e l  2K 
O & M  0 
Spare Equipment 

Data f o r  
Economic 
A n a l y s i s  

5 K  Equ ip /cos ts  
I n s t a l l  ed/ 
s i t e  

1 Y\ 
4 K 2K / s i t e  

T o t a l  Cost $ 132K 

GOE C o n t r i b u t i o n  
U.S. C o n t r i b u t i o n  

Disbursement Schedule:  YR 1  2 3 4 5 

1 OK 87 K 25K 1 OK 0 

7K / s i t e  - -- 
14K / s i t e  

BEST AVAILABL E COPY 



E - 9 

FIELD TEST ELEMENT COST ESTIMATES 9 

Data f o r  
Economic 
Ana lys is  

8. Photovol t a i c  - Powered Reverse Osmosis Desal i n a t i o n  System 

Design 8 Engineer ing 
Equ 1 pment 

PV Ar ray  
E l e c t r i c a l  Cont ro ls  
PV B.O.S. 
I n s i r u r e n t a t i o n  
R.O. U n i t  
I n t a k e / O u t f a l l  S, stem 
Other 
E q t i i p x n t  B u i l d i n g  

U.S. S i t e  Work & Test 
Kanual Development 
Shipping 
Ccnstt-uct ion 8 l n s t s l l a t i o n  
Start-up/Ctlec k -ou t /T ra i n i ng  
Operat ion Support 

U.S. Cont ractor  113 MY/YR 
33K + 33K 

U.S. Cont ractor  Travel  
6 man t r i p s  CO 3 K / t r i p  

GOE Engineer 1 MY/YR 
10K + 10K 

Support 4 MY/Y R 
20K + 20K 

GOE Trave l  
0 & M  
20% Equipment Spares 

Tota l  Cost $1 ,970K 

GOE Con t r i bu t i on  
U.S. Con t r i bu t i on  

27 OK 
1,700K ($338K LC) 

Disbursement Schedule: YR 1 2 3 4 5 

BEST AVAILABLE COPY 



FIELD TEST ELEMENT COST ESTIMATES - - - 

9. V i l l a g e  Wind Power System 

Design L Engineer ing 
Equipment 

Wind Turbine Generator 
I n v e r t e r  
Diesel Back-up 
Irstru! .?: . t .?t ion 8 Contro ls  
?? t t e r y  r . J /c . . :  f!!l - 
I 0:,:&r Sy: t 1-7) 

i'SC E l  i - i i r i c a l  Load D i s t .  

I'2nual Cev el  o(jrirent 
Shipping 
S i t e  Preparat ion & I n s t a l l a t i o n  
S t3 r t - cp /T ra i n i ng  
G ~ c i a t i c ~ s  & : ' a i  ~ ~ t e n a n c e  

U.S. Contracror 1 / 6  W Y / Y R  
1 7 K  t 17K 

U.S. Cont ractor  Trave l  
5  Kan t r i p s  @ 3 K / t r i p  

G O i  Engineer 3 /4  KY/YR 
7.5K + 7.5K 

Support 1 MY/YR 
5K t 5K 

GOE Trave l  
O & M  5 K t 5 K  
20% Spare Equipment 

To ta l  Cost $ 407K 

GOE Con t r i bu t i on  
U.S.  Con t r i bu t i on  

52K 
355K (870K LC) 

Disbursement Schedule: YR 1  2  3  4 5 

0 170K 125K 70K 42K 

BEST AVAILABLE COPY 

Data f o r  
Economic 
Ana lys is  



FIELD TEST ELEMENT COST ESTIMATES 

10. Wind - Powered Reverse Osmosis Desal i n a t i o n  System 

Design & Engineer ing 325K 
Equ i pnent 77 5K 

Wind Turbines 500K 
Equipment B u i l d i n g  45K 
R.O. System 106K 
I n t t i ke /Ou t f a l l  System 25K 
E l  ~ c t r i c a l  30K 
I rs t t -~ l lnc r i ta t ion  7 5K 
b" C 44K 

II~K 
U.S.  S i t e  Work & T e s t  
Kanual Devcl opment 
Shipping 
S i t e  Xork 8 I n s t a l l a t i o n  
Start-up/Check-out/Tr6 i n i n g  
6; r z t i o n s  

U.S. Cont ractor  1/3 VY /YR 
33K + 33K 6 6K 

U.S. Travel  
6 van t r i p s  @ 3 K / t r i p  18K 

GOE Engsneer 1 KY/YR 
10K + lUK 30K 

Support 4 M Y / Y R  
20K + 20K 40K 

GOE Travel  5K 
O & M  15K 
20% Spare Equipment 

To ta l  Cost 

GOE Con t r i bu t i on  
U.S. Con t r i bu t i on  

265K 
1,865K (8333K LC) 

Disbursement Schedule: YR 1 2 3 4 5 

Data f o r  
Economic 
Ana lys is  

42K 
1 OGK 

WST A VAIU BLE COPY 



F I t L O  TEST ELEMENT ------ COST LSTIMhTES ----- 

11 . Solar  Rankine Cycle Cold Storaqe System 

Design & Engineer ing 
Equipment 

Rankine U n i t  

1 Col l  ec to rs  
P I  pes/Pumps/Tanks 
.Controls 
Cold Storage Locker 
I c e  Machine 
Diesel  U r t i t s  

U.S. S i t e  Work & Test 
Manual Development 
Shipping 
I n s t a l  l a t i on /Cons t ruc t i on  
Start-up/Check-out/Training 
Operat ion 

U.S. Contractor  112 M Y I Y R  
50K + 50K 

U.S. Contractor Travel 
6 man t r i p s  @ 4 . 5 K l t r i p  

GOE Engineer 3  M Y I Y R  
30K + 30K 

I Support 6 M Y I Y R  
30K + 30K 

O & M  
25% Spare and C r i t i c a l  Parts 

200K 
150K 

75K 
1 OOK 

70K 
90K 

2 7 5 ~  
65K 

125K 
325K 
1 OOK 
440K 

1 OOK 

Data f o r  
Economic 
Analys is  

Tota l  Cost 52,265K 

GOE Con t r i bu t i on  282K 
U.S. Con t r i bu t i on  1,983K ($350K LC i n c l u d e s  t r a n s i e n t  q u a r t e r s )  

F. 
t 
f Disbursement Schedule: Y R  1  2 3 4 5  

BEST AVAILABLE COPY 



F i e l d  T e s t  Cost  Es t imates  
Summary Table  ( S  000 's)  

F i e l d s  T e s t s  AID (Fx) AID(LC) TOTAL A I D  GOE (LC) TOTAL 

910 

5  15 

940 

8 90 

2935 

i 75 

132 

1970  

407 

21 31 

2 2 6 5  

1. Milk P l a n t  

2. F r u i t  Dehydration 

3. F o u l t r y  

4.  T e x t i l e  

5. : 'eta1 

6. F i  shemen  

7. I r r i g a t i o n  

8. Pt,'-Desalir,ation 

9. t T i l l a g e  iiind 

10. Wind Desa l ina t ion  

11. ColZ Storage 

TOTAL 

BEST AVAILABLE COPY 



PROJECTED D1SBURSI':PiErJTS 
( $  0 0 0 ' s )  

F i e l d  T e s t s  F Y  82 FY 83 FY 84 PY 85 F Y  86 T o t a l  

BEST AVAILABLE COPY 

I 

AID F X ~  LC T ~x i L c  T T F ' X ~ L C  T FX 

- 1. Milk P l a n t  

- 2. F r u i t  Dehydra t ion  

3. P o u l t r y  - 
4. T e x t i l e  - 
5. Metal - 
6. Fishermen 5 0 

7. I r r i g a t i o n  1 0  

- 8. PV-Desalj nation 

9. V i l l a g e  Wind - 
10. Wind D e s a l i n a t i o n  - 
11. c o l d  s t o r a g e  - 

S u b t o t a l  6 0 

LC T 

- - 490 

- - 250 

- - 455 

- - 474 

- - 1295 

- 5 0 125  

- 10 57 

- - 925 

- - 170 

- - 

12.5 29.5 837 

8.5 20.5 477 

1 4  3 9 830 

1 4  3 9 800 

22 39 1842 

.5 1 3  247 

- - 115 , 
I 

w 
16.5  47.5 1700 n 

12.5  28.5 355 

3GG 510 235 / i 9 . 5  254.5 33 
I 

- - 174 347 50 

0 60 776 1450.5 238.5 

- 490 127  222 83 j 12.5  95.5 1 7  
I 
I - 250 72 152 4 6 1  6.5 54.5 1 2  
I 

50 505 106 25 

13.5  46.5 1866 

1 3  6 3 1983 

127 365.5 11052 

- 474 148 

- 1295 256 

- 1 2 5  9 

1 5  72 8 

- 925 371 

- 170 8 1  

12 160 127 25 
I 

6; 317 1 7  1 174 1 9 1  1 7  

28  37 12.51 9.5 22 12.5 
I 

1 6  24 5 )  4 9 - 
i 

1 6 9  540 35 1152.5 181.5 31  

1 9  100 1 8  / 38.5 56.5 1 6  

I 



PROJECTED DISBURSEMENTS 
( $  000's )  

F ie ld  Tests FY 82 FY 83 FY 84 FY 85 FY 86 Total 
I 

GOE FX LC T FX LC 'I m T 
I 

F X 1  LC 
I 

T 

I i 
1. Milk Plant - 
2. Fruit Dehydration - 
3 . .  Poultry - 
4 .  Text i le  - 
5. Metal - 
6. Fishermen - 
7 .  Irrigation - 
8. PV-Desalination - 
9. Village Wind - 

10. Wind Desalination - 
11. Cold Storage - 

Subtotal 0 

Total Project Element 60 

BEST AVAILABLE COPY 



SUPPORTING ANALYSFS rI EMFNT COST ESTIMATES --- - - - -  - - .  ..--. --- - . -  - - - -  

TASK I APPLICATION STUDY 

U.S. C o n t r a c t o r  335 MY @ 8100K/MY - - 
Trave l  (U.S. C o n t r a c t o r )  

2 people, 2 t r i p s ,  3 weeks each 
Per Person A i r  3- K  
Per Diem 

2 Persons T o t a l  1 4 . 4 K  . - - - - - - .- 

1 ?? r ron ,  2 t r i p s ,  4  ~ e e k s  each 
A i r  3 K 
Per d i cm 5.6K 

. - --. - - . - 

Loca l  T r a v ~ i  Expenses -- 5 K 

GOE Suppor t  2 I<Y/YR ENG Q 10K/MY - - 
2 M Y / Y R  Support  Q 5K/MY - - 
Local  T rave l  

-r l o ~ a l  A Task 1 $41 8,000 

GOE C o n t r i b u t i o n  40,000 
U.S. C o n t r i b u t i o n  378,000 (28,000 LC) 

D isbursementSchedu le :  YR 1 2 

BEST AVAILABLE COPY 



SUPPORTING ANALYSES ELEMENT COST ESTIMATES 

Task I 1  FIELD TEST DATA ACQUISITION AND ANALYSIS 

U.S. Consu l tan t  Support/Design Specs, Data A c q u i t i s i o n ,  Analyses 

I n d u s t r l a l  Y R 1  1  MY @ 1OOK/MY = 1OOK 
2  1 /2  MY = 50K 
3  1 / 6  MY = 17K 
4  1/12 MY = 8K 
5  1/12 MY = 8K 

Wind 

Desal i n a t i o n  Y R  1  1  MY @ 100K/MY = 100K 
2  1/12 KY = 8K 
3  1/12MY = 8K 
4  1/12 MY = 8K 

S o l a r  Thermal Y R  1  1  /2  MY @ 1OOK/MY = 50K 
2 1/12 MY = 8K 
3  1/12 MY = 8K 
4  1/12 MY = 8K 

Bal ance F i e l d  Y R  1  1/2 MY @ 1  OOK/MY = 50K 
Test  2  1/12 RY = 8K 

3  1/12 MY = 8K 
4  1 /12 MY = . 8K 

New I n i t i a t i v e s  Y R 2  1 / 6  MY (3 100K/MY = 17K 
3  1 /2  MY = 50K 
4  112 MY = 50K 

T rave l  (U.S. YR 1  (31 man months) = 175K 
C o n t r a c t o r s )  2  = 40K 

3  = 30K 
4  = 20K 

Equipment: Data I n s t r u m e n t a t i o n  System 
C u r r e n t  F i e l d  Y R  1  = 200K 

Tests 
New I n i t i a t i v e s Y R  2-3 = 200K 
0  & M Per Year 2K = 7K 

GOE - Engineer  1  MY/YR @ 1OK = 50K 
Techn ic ian  2MY/YR (3 5K = 5CIK 
Local  Trave l  = 10K 

T o t a l  $1 487 K  
T o t a l  Task 11 $1487 
G O E C o n t r i b u t l o n  $110K 
U.S. C o n t r i b u t i o n  $1,377K (272,000 LC) 

Df.sbursement Schedule: Y R 1  2  3  4 5 

BEST AVAILABLE COPY 



SUPPORTING ANALYSES ELEMENT COST ESTIMATES ---.- 

TASK 111 ECONOMIC ANALYSIS 

U.S. Economist 114 MY/YR @ 100K/YR = 125K 
T rave l  Expenses - 1 t r i p / Y R  15K 

A i r  1.5 K 
Per Diem 1.4 K 
Local  .1 K --- 

3.0 K 

GOE Economist 1 MY/YR @ 10K/YR = 50K 
Local  Trave l  5 K 

T o t a l  Task I 1 1  195K 
GOE C o n t r i b u t i o n  55K 
U.S. C o n t r i b u t i o n  140K (15,000 LC) 

Disbursement Schedule:  Y R 1 2 3 4 5 

TOTAL SUPPORTING ANALYSES ----.- 

Task I 418 K 
Task I 1  1487 K 
Task I 1 1  195 K 

$2100 K 

GOE C o n t r i b u t i o n  205 K 
U.S. C o n t r i b u t i o n  $1895 K (315,000 LC) 

Disbursement Schedul e: YR 1 2 3 4 5 

BEST AVAILABLE COPY 



TASK 11 

TASK I11 

PROJECTED DISBURSEMENTS 
($000'~) 

S u p p o r t i n g  Analyses Total 

SUBTOTAL 

AID FX 

TASK I 310 

GOE - 
TASK I - 
TASK I1 - 
TASK I11 - 
SUBTOTAL - 

LC T 

20 330 378 

TOTAL 935 

BEST AVAILABLE COPY 



E -  20 

TRAINING 

AT DO;^;! A1 D(1,C) A I D  ( T o t a l )  GOE (LC) TOTAL 

!I . 5. T r a i n i n q  
L. Tech. Tra in ing  

1 2  perscns/yrs . ,  
2  mc/ea @ $4.K/mo. 

120 p.m. 

I n t ' l  Travel= 60 p e r s o n s  
t r i p s  @ 51. L - ) : / c ~ F ~ c ~ .  

2 .  ?'r;nt. S u ~ . : l ~ ~ r  t '7  I-; i r. r , c j  80 

Cofitrac-t/llrc'jc,ct r r * ( ~ ~ i ? t .  

*: y r  : : ,(:T !;/'y t . , 1 I!![ ,I( ( 1 .  C' $4Y/xr,c> 
2 0  p. I". 

l n t ' l  T rave l  - 20 t r i p s  
Td S1.5/each 

S u b t o t a l  

Fuyptian Training 
2- - 

1. 2 'r-nicars/yr. 3 U . S .  C o n s u l t a n t s  83 
.?CI i n a r  fo r  10 c?~ys , /c6ch= 2 r , .m.  
( a )  100K/yr for 5 p r s  $83K 
6 t r i p s / y r  @ 1.5K= 45K 
s t o p o v e r s  @ $150/each 1 4.5 
P e r  D i e m  - $74/day, 60 da/yrs .  

F a c i l i t y  r e n t a l ,  20-50 persons/  
s e s s i o n  

$ lk / sess ion  = 10 s e s ~ i o n s  L.O.P. 

T r a n s l a t i o n s  m a t e r i a l s ,  corns. 
f i e l d  v i s i t s  @ l k / s e s s i o n  - 1 0  L.O.P. 

S u b t o t a l  

2. U n i v e r s i t y  Courses 
2  c o u r s e s  f o r  5  persons/yr .  
LE 300/course = LE 3000/yr. 

S u b t o t a l  

BESTAVAILABLE COPY 



3. QHREA Seminars 
Tech seminars for 20-50 persons 
2 seminars/yrs. 4 lectures/da 

d for 1 wk = LE 6000/yr. 

Subtotal 

4. Information i is semi nation 
9 

Brochures, info. on solar 
energy i n  qeneral & field testing i n  
specific IE 2,00O/yr 

*U. S. 

GOE 

Suttotal 

TOTAL 

30 



i R A I N I N G  

AID - 
1. Tech Training-US 

Training 
Travel 

2 .  Nmt. Training-US 
Training 

Travel 

3. Seminars in  Egypt 
Consultants' Sal .  

Travel 
P.D. 
Stopovers 

Subtotal 

1. Seminars in Egypt 
I Fac i l i t y  Rental - 2 2 
I Materials, e tc  . - 2 2 

2. University Egypt - 3 3 

3. QHREA Seminars Egypt - 6 6 

4. Info. Dessemination - 2 2 

Subtotal - - 15 - 15  - 
TOTAL 130 - - 52 182 - - - - 

G 
I I 

PROJECTED DISBUR?E>EN~'S- 
($ 000'8) . 

FY 84 FY 85 FY 86 ' TOTAL 

FX LC 2 - - FX LC T - FX LC T - - - 



PROJECTED DISBURSEMENTS 
($000'~) 

*Estimates based upoli figures of currently-proposed field tests. 

*New Initiatives FY 82 FY 83 FY 84 FY 85 FY 86 Total 

FX 

A I D  Subtotal - 

GOE Subtotal - 

Total - 
yr. 
I 

N 
Lrr 

LC T FX 

- - 500 

- - 

- - 500 

LC T 

35 200 2000 

100 100 550 

t135 300 2550 

LC T FX 

100 600 165 

150 150 - 

250 750 165 

LC T FX 

100 600 500 

100 100 - 

200 700 500 

LC T FX 

100 600 500 

200 200 - 

300 800 500 



E -  2 4  

I'HOJECT MANAGEMENT 

t7.- ---:-el ;. & Fer Diem 
.-- 

Y R  1 - 40 r~an trips ~v~:rac;e 14/days/each 
. .- : -: 2 - 27 Ear. t r l i  s a\..+.~ age 14 Cays/each 

3 - 28 I-an t r  55s LIT(-~:L~GE 14 Eays/each 
YF.  4 - 16 ]:en tri1:s zverage 14 days/each 
:.? 5 - 10 :-A? t ~ - i ? s  averaqe 14 days/cach 

Subtotal 

: j ~ f f e r ~ r . ? i a l  - 1 5 %  - - .-zeca~ion - 2 c h i l d 1  en @ 4400/yr each 
Iiousing - Averace LE 1200/mo 
"iocacion Travel - 8 man trips @ LE 1500/ea 
Turacrery T~cicing - LE 30/da for 30 days for 8 people 
F h R - 1 x i t s u r  @ $200 each 
S;cr=ge - $6@OC/yr 
Freight - est. $25K per shipment for 2 families 

Subtotal 

Car 
O&M, ins. for 5 yrs ave. LE 4000/yr 

Secretary 
Equipment, Supplies, Communications 

Subtotal 

*Assumes per diem rate of $75/day and travel at LE 1500/trip. 

**Assumes change of NASA resident advisor one time during life of project. 

***Rounded. 

BEST AVAILABLE COPY 

~ -- 



A I D  Contributions to GOE Management Costs 

Trave 1 
*International - 25 man trips average 13 days each 
Per Diem 

Vehicles 
1 Station Wagon 
1 Van 
1 Pick-up 

Transient Quarters Fayoum 
1 Trailer, equip2ed 

Subtotal 

Total 

*2 man trips - Pre-proposal Conference average 9 days; 
10 man trips - Bid Review average 17 days; 
4 man trips - Design Review average 7 dayst 
4 man trips - U.S. Testing Observations average 10 dayst 
1 man trip - Applications Study average 10 days. 



P r o j e c t  !-'anager 5 nlan/yrs 
R s s i s t a n t  P r o j e c t  Mb:?ayer 5 man/yrs 
k t r . i n i s t r a t i v e  Dirc.ctor 5 n4an/yrs 
; J ~ i n i s t r a t i v c  l , : . s i s t a n t  ( 2 )  1 0  ~ : a n / y r s  
Fi r .cncia l  ;i..alyr,t 5 ~ . .dn/yrs  
S ~ z r ~ t a r l ? a  ( 2 )  10 r:in/yrs 
3 r i v e r s  ( 2 )  15  r;.nn/);rs 
~ ~ ~ ~ s r s / ~ q ~ i i ~ : s r ~  ( 5 )  2 . 5  man/yrs 
S i t n  !.:'r.~~-;r- YR 1 - 5 ;  YR 2 - 6 ;  Y P Z  3-5 
!.? - r z n s l a t a r  (1) 5 ;r,?.n/grs 

GOE 
(000) & 

US Equiv. 

S u b t o t a l  596,000 

rgc!' - -. : i t i c s ,  - . - .. .. ~ ~ p 7 . i ~ ~ ~ ~  Ccnrr ,unicc i t i t  .~ .- . . . -~ n s ,  -- etc-: $IHt70/n10 x 5 yrs .- 1 0 R ,  - - . --A 000 

S u b t o t a l  108,000 

*v -  - -  ; I - ~ e l  - In-Countr y 

a. F i e 1 6  ' l c c t s  
1 ran trip, bl-;!erkly v i s i t s  ave rage  2 da @ $40/da 
3.5 y r s ,  6 s i t e s  ( 3  by p l a n e )  

b. Suppor t ing  Analyses  

1. A p p l i c a t i o n s  Study 3 m / l  mo ea/6 s i t e s  
( 3  by p l a n e )  @ $40/da 

2. Design Specs,  - 3 d 6  s i tes  (3 by p l a n e )  3 wks ea 
@ $40/da 

3. Equipment Design - 2 m/6 s i t e s  ( 3  by p l a n e )  1 wk e a  @ $40/da 3.8 

c .  New I n i t i a t i v e s  - 1 m / t r i p ,  bi-wkly v i s i t s  - 3 s i t e s  - 78 t r ips;  
ave rage  2da/3yrs  @ $40/da, assuming 1 s i t e  r e q u i r i n g  p l a n e  t r a v e l  24.6 

S u b t o t a l  131** 

V e h i c l e s  O&M Cos t s  S u b t o t a l  

T o t a l  840 

*Assumes- 6 sites to t r a v e l # ( a s  5 P r o c e s s  Heat sites i n  C a i r o  v i c i n i t y  
and no t r a v e l  f u n d s  n e c e s s a r y )  ; assumes f l i g h t  costs a v e r a g e  $75/ea . 
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Travel & Per Diem - (102 102 - 168.85 68.85 - 1 71.9 71.9 - 148 48 - i48 48 340* 

PROJECT MANAGEMENT FY 82 FY 83 FY 84 PY 65 FY 86 To ta l  

D i f f e r e n t i a l  7.5 

Housing - 
Relocation Travel  - 
Temporary Lndging - 
R 6 R Trave l  - 

AID FX 

S a l a r i e s  400 

Storage 6 

Fre igh t  12.5 

Education A l l o w .  - 
Car,  O&M, Ins ,  etc 9 

Secre ta ry  - 
Equipment, Suppl ies  - 
Pro jec t  Vehicles 42 

Trans ien t  Qtrs- 
Fa yo urn - I 8 

- I.2 42 - 

Travel-P . D. , GOE, 
Managemt Reviews 13.5 31.5 45 2 . 7 4 6  , 8.75 - 

LC T 

- 200 1600 

LC T F X  LC T T FX 

- 400 450 350 200 
I 

350 I - 200 200 



PROJECTED DISPUFGEMENTS 
($000 ' s)  

PROJECT MANAGEMENT FY 82 FY 83 FY 64 FY 85 FY 86 Totai 
1 I 7 i  

GOE FX LC T FX LC T FX 1 LC T IX _I LC T FX LC T 

Salaries 

Facility, Supplies, 
Communications, etc - 

i Travel 
Field Tests - 1 -  - - 

21.6 21.6 - 
I I 
i 
i 

18.3 18.3 - / 18.3 18.3 - ' i G . 3  i8.3 - 1 9.2 9.2 64.1* 
i 

I I ! 
Total I 490.5 346.3 837' 466.75 331.75 798 376 i 294.6 671* 213.5 ; 261.9 476 213.5 263 477 3259 

I I 
! 

21.6 21.6 - ! 21.6 21.6 - 2 ~ . 6  21.6 - 1 
1 

i 21.6 2 L . 6  108 

I 
7.5 7.5 - 2.8 2.8 - 2.a 2.8 - 1 1.6 1.6 42.1* 

- - - 8.2 8.2 - 8.2 a.2 - 1 8.2 8.2 24.6* 
I ! 

I - i 
1 1 - I  1 1 1 1 - 1 1 -  5 r 

I 

I 

Subtotal 

- I lS8 lS8 

- 

BEST AVAILABLE COPY 

Supporting Analyses - 
New Initiatives - 

t 
164.4 164.4' - 175.9 176. - 1 175.9 176. - ! 165.6 166' 840' 

i ! i 

27.4 27.4 - 
- - - 

I - Transportation-O&M - 1 
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?l PO3 
M P A R E D  

~ G E )  P O k  TEE ?I..$; '1!4G SU3- 
C O P i C Z P T U A L I 2 l . T I O L  EY TEX 
9Y Psi-PROJECT D Z C I S - C N S .  

h'E.9C O G E S T  ! ~ . " I S  'I?? t ' i iG?NCY CF S O Y E  OF T J Z  P R E - P R O J E C T  
@.rTIV!TIF S T N r F  TEFSE ACTIVLTIIS XILL h 0 T  aE C O v P L L T E D  
1 F: T31 Nrll.2 T!'fT'S? 1;;3, ?ii?>,2FGT X, ?.A1 i; LITTLZ IY:/ . . : . :DIhl '"L 8 
!*c?!.CT 2:: 57V?T'II. h F L A N k I C C ;  SAPAEILITI 55. CIUtt; T3ES3 
rLF;'CFiiN$ 3 8  :;SAC S L C C S S T S  7'53 Y I S S I O X  CAREFULLY R Z C O N S 1 2 5 3  
Ti;.? KFCLSSITY 2: ?91. V X E I C U S  ??%-2R3JECT ! l C T I V I I ' I F S  Q 
(PAC? l a  C ?  P I ? ) .  , 
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4 .  Y O S T  (17 THr I X I 7 I A L  DI.TA C G L L Z C T I C N  A C T I V I T I E S , ,  I.DEb!TI-". 0 
F I C L T T O ? !  ?? !.P?F!OACZ5S FOP. '.DP.Tb COLL3C:TION A N C  Z V i , L U A T I O ? i ,  
AYD 1 9 R t ~ f ! 7 1 C A T I O t !  CF i'I4NAGTXENT OPTIC!!S APPSAR TO BE 

- t C T I V I T I E S  '@~?!IC!i C O U L D  k b I T  J t J T I t  STARTED BY 'TZF P R O J E C T  0 
70F:7?4 CTC;=. TuI ??  93V ZLOP?lZt:T TEAM 5'1 L L  H A V E  T O  3 E T E X Y I  I.."; 
,?t!LY T E  :'il;NIP:'TE C? TTHF Dh'i'S F203LSXS. . T i S *  1 .\Yn 2 ,  
? i f  !."l'IrIr.:.YiDI: CF' A!iiLY'T!C.!i. F ! J ~ ! ! T I Q N ! ~  A N D  T.4':: S KI.ECr I3N 0 
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b:p,  r I:.C r. .  wl~lch r l ~ l s  proJe3.t contr lbutrs :  ' 

CICe.-Live dcvclopent  and u t i l l r a t l o n  of :UX yr?llcioa evolve t o  r c f l ~ t  b.tt*c 
imllqcnnus and i rk ro r t~4  enoxpp rsmurcoa i c c o d c  r c a l i t l e e  of energy pr ic ln9 
i a  s mnnrr  c m h l s t r n t  with and i n  muyport ;and g ~ v e  m r c  r ea l l a t i c  imestrr?nt 
nC cw~ernll ~ r i o n a l  cconmlc and we la1  dcci~ion-uklny mlpeal*. 
deve lo j~cn t  p1.1~. I 

Pro!e.-L t u r p u ~ :  

r o l l e c t  rlntn am1 rnnd~ t r t  r ir lcl  t e s t  s on 
t c l r c t r A  r rn -wl* l r  r n r r c y  t r r l ~ t ~ n l n ~ i t - s  
which wi l l  p-rmit n , i t ~ ~ l p m r v ~ t  nr  t o  tlte 
h i  0 I o i l  a h i  I i t y  

t f l c i r  wi*l-<prrnrl rrplirntinn in a f l v e  - 

ten  prar  t i r f r n m r .  1 
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Bab El-Look - CAIRO 

F i r .  Uonald 5. grown 

D i r e c t o r ,  Agency of international Uevelopment,, 

.r.5. Enlbassy C a i r o ,  

L a t i n  A m e r i c ~ .  .' S t r . ,  

Dear Mr.. Brown 

you knox,  . o v e r  t h e  l a s t  two y e a r s  we have  been work- 

i n g  t o g e t h e r  on a reneh-able energy p r o j e c t .  It i s  my 

u n d e r s t a n d i n g  t h a t  w e  a r e  now i n  t h e  f i n a l  s t a g e s  of t h e  

AID p r o j e c t  development p r o c e s s .  The Government of 

~ ~ y ~ t  i n t e n d #  t o  contribute t h e  Ggypiian Pound c q u i v e l -  

ent of $4.4 m i l l i o n  t o  t h e  $28 .5  m i l l i o n  p r o j e c t  ove r  

t h e  n e x t  f i v e  y e a r s .  

I n  t h i s  r e g a r d ,  1 would much l i k e  t o  r e i t e r a t e  o u r  deS- 

i r e  f o r  t h e  involvement  of NASA Lewis Research C e n t e r  

t h e  U . S .  p r o j e c t  management e n t i t y .  Having worked 

w i t h  XASA f o r  ove r  a  Year on t h i s  p r o j e c t ,  we b e l i e v e '  

the)- cou ld  p r o v i d e  both  e x c e l l e n t  t e c h n i c a l  e x p e r t i s e  

and p r o j e c t  management s k i l l s  which a r e  t o  be t r a n s f e r -  

r e d  t o  t h o s e  working on t h i s  p r o j e c t .  

T h i s  area  of =enewable energy i s  one i n  which t h e  Gove- 

rnment of Egypt p l a c e s  g r e a t  importance. We look f o r -  

ward  t o  c o o p e r a t i n g  wi th  U S A I D  and NASA on t h i s  p r o j e c t  

in t h e  v e r y  n e a r  f u t u r e -  

sin%- 

Eng. I. 'EI / 

C v m a n  3 . . .  

phone : 740405 - Telex : 92694 OTARA UN I 
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ANNEX I 

PROJECT AUTHOR1 BATON 

Name of  Count ry :  Name of P r o j e c t :  Energy  P o l i c y  
and P l a n n i n g  

Number o f  P r o j e c t :  263-0123 

1. P u r s u a n t  t o  S e c t i o n  531 of t h e  F o r e i g n  A s s i s t a n c e  A c t  of 1961 ,  as 
amended ( t h e  " A c t " ) ,  I he reby  a u t h o r i z e  t h e  Energy  P o l i c y  and Plan-  
n ing  P r o j e c t  ( t h e  " P r o j e c t "  ) f o r  t h e  Arab  R e p u b l i c  o f  Egypt ("Coopera- 
t i n g  C o u n t r y n )  i n v o l v i n g  p l anned  o b l i g a t i o n s  not t o  exceed  E i g h t  
M i l l i o n  F i v e  Hundred Thousand U n i t e d  S t a t e s  D o l l a r s  ($8, 500,000)  i n  
g r a n t  f unds  o v e r  a f o u r - y e a r  p e r i o d  from t h e  d a t e  of  a u t h o r i z a t i o n ,  
s u b j e c t  to t h e  a v a i l a b i l i t y  of  f u n d s  i n  a c c o r d a n c e  w i t h  t h e  A . I . D .  
OYB/allotment p r o c e s s ,  to  h e l p  i n  f i n a n c i n g  t h e  f o r e i g n  exchange  and 
l o c a l  c u r r e n c y  costs of goods and s e r v i c e s  r e q u i r e d  f o r  t h e  P r o j e c t .  

2. The P r o j e c t  w i l l  assist t h e  G r a n t e e  to s t r e n g t h e n  its e n e r g y  
p l a n n i n g  and a n a l y t i c a l  c a p a b i l i t y  by e s t a b l i s h i n g  an i n s t i t u t i o n a l  
c a p a c i t y  to pe r fo rm i n t e g r a t e d  ene rgy  and economic a n a l y s i s  and t o  
u n d e r t a k e  n a t i o n a l  and sectoral  e n e r g y  and economic p l a n n i n g .  

3. The P r o j e c t  Agreement ,  which may be  n e g o t i a t e d  and e x e c u t e d  by t h e  
o f f i c e r  to  whom s u c h  a u t h o r i t y  is d e l e g a t e d  i n  a c c o r d a n c e  w i t h  A . I . D .  
r e g u l a t i o n s  and d e l e g a t i o n s  of a u t h o r i t y ,  s h a l l  be s u b j e c t  t o  t h e  
f o l l o w i n g  e s s e n t i a l  terms and c o v e n a n t s  and major c o n d i t i o n s ,  to- 
g e t h e r  w i t h  such  other  terms and c o n d i t i o n s  a s  A . 1  .D. may deem 
a p p r o p r i  a t e .  

a. S o u r c e  and O r i g i n  of Goods and S e r v i c e s  

Goods and s e r v i c e s ,  e x c e p t  for ocean  s h i p p i n g ,  f i n a n c e d  by 
A . I . D .  under t h e  P r o j e c t  s h a l l  have t h e i r  s o u r c e  and o r i g i n  i n  t h e  
C o o p e r a t i n g  C o u n t r y  or i n  t h e  Un i t ed  S t a t e s ,  e x c e p t  a s  A . 1  .D. may 
o t h e r w i s e  a g r e e  i n  w r i t i n g .  Ocean s h i p p i n g  f i n a n c e d  by A . I . D .  under  
t h e  P r o j e c t  s h a l l ,  e x c e p t  A . I . D .  may o t h e r w i s e  a g r e e  i n  w r i t i n g ,  be 
f i n a n c e d  on  f l a g  v e s s e l s  of t h e  U n i t e d  S t a t e s .  

b. C o n d i t i o n s  P r e c e d e n t  t o  D i sbu r semen t  

(1) F i r s t  Disbursement  

P r i o r  t o  a n y  d i s b u r s e m e n t  or to  t h e  i s s u a n c e  of  a n y  
commitment documents under t h e  G r a n t ,  t h e  C o o p e r a t i n g  C o u n t r y  s h a l l ,  
e x c e p t  as t h e  p a r t i e s  may o t h e r w i s e  a g r e e  i n  w r i t i n g ,  f u r n i s h  to 
A . I . D .  i n  form and s u b s t a n c e  s a t i s f a c t o r y  t o  A . I . D . :  
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( a )  A s t a t e m e n t  o f  t h e  names and t i t l e s ,  o f  t h e  p e r s o n s  
who w i l l  a c t  as  the r e p r e s e n t a t i v e s  of t h e  C o o p e r a t i n g  C o u n t r y ,  
t o g c t l l e r  with 4 :;pocirncn Y t c jna tu re  of e a c h  p e r s o n  s p e c i f i e d  i n  s u c h  
s t a t e m e n t ;  

( b )  Such o t h e r  i n f o r m a t i o n  and d o c u m e n t a t i o n  a s  A . 1  .D. 
may r e a s o n a b l y  r e q u e s t  . 

( 2 )  A d d i t i o n a l  D i s b u r s e m e n t  

P r i o r  to a n y  d i s b u r s e m e n t  or to  t h e  i s s u a n c e  o f  a n y  
commi t m  e n t  docum en  ts under  t h e  G r a n t  f  or t h e  l o n g -  term t e c h n i  cal  
a s s i s t a n c e  c o n t r a c t o r ,  t h e  C o o p e r a t i n g  C o u n t r y  s h a l l ,  e x c e p t  a s  t h e  
p a r t i e s  may o t h e r w i s e  a g r e e  i n  w r i t i n g ,  f u r n i s h  t o  A . I . D .  i n  fo rm and 
s u b s t a n c e  s a t i s f a c t o r y  to A . 1  .D.,  e v i d e n c e  t h a t  OEPA h a s  o p e r a t i n g  
p r o c e d u r e s ,  o f f  ice  s p a c e ,  t r a i n i n g  f a c i l i t i e s  and c u n p u t e r  f a c i l i t i e s  
n e c e s s a r y  f o r  p r o j e c t  i m p l e m e n t a t i o n .  

c. C o v e n a n t s  

(1) The C o o p e r a t i n g  C o u n t r y  s h a l l  e s t a b l i s h  t h e  o r g a n i -  
z a t i o n a l  and connnunicat ion l i n k s  n e c e s s a r y  to c o o r d i n a t e  P r o j e c t  
a c t i v i t i e s  and to e x c h a n g e  i n f o r m a t i o n  among t h e  OEPA and t h e  con- 
c e r n e d  m i n i s t r i e s .  

( 2 )  The C o o p e r a t i n g  C o u n t r y  s h a l l  take a p p r o p r i a t e  a c t i o n  
to e s t a b l i s h  and f u n d  a  mechanism by w h i c h  OEPA may p r o c u r e  con- 
s u l t i n g  s e r v i c e s  f o r  e a c h  y e a r  o f  P r o j e c t  a c t i v i t i e s  f o l l o w i n g  J u l y  
1 982. 

4. Based  upon t h e  j u s t i f i c a t i o n  set  f o r t h  i n  t h e  P r o j e c t  P a p e r ,  I 
h e r e b y  d e t e r m i n e ,  i n  a c c o r d a n c e  w i t h  S e c t i o n  612  (b) of  t h e  A c t ,  t h a t  
t h e  e x p e n d i t u r e  o f  U n i t e d  S t a t e s  Dollars f o r  t h e  p r o c u r e m e n t  o f  goods 
and s e r v i c e s  i n  Egypt  is r e q u i r e d  to f u l f i l l  t h e  p u r p o s e s  o f  t h i s  
P r o j e c t ;  t h e  p u r p o s e s  o f  t h i s  P r o j e c t  c a n n o t  be met e f f e c t i v e l y  
t h r o u g h  t h e  e x p e n d i t u r e  o f  U.S .-owned local  c u r r e n c i e s  f o r  s uch 
p r o c u r e m e n t ;  and t h e  a d m i n i s t r a t i v e  o f f i c i a l  a p p r o v i n g  local  cost 
v o u c h e r s  may u s e  t h i s  d e t e r m i n a t i o n  as t h e  b a s i s  f o r  t h e  cer t i -  
f i c a t i o n  r e q u i r e d  by S e c t i o n  6 1 2 ( b )  o f  t h e  A c t .  

$ m i n \ s  t ra tor  

C l e a r a n c e s :  N 

AA/NE : WAFord 
PPC : JRBol t o n  

fib  date!+/^ 

6 8 GC: KCKammerer 
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THRU : AAIPPC, John 3 0 l t 0 n  

FROM : AAINE, W. 
9 

SUBJECT: A u t h o r i z a t i o n  o f  P r o j e c t ;  Energy P o l i c y  P lann ing  
(263-01 23) f o r  Egypt 

Problem: Your a u t h o r i z a t i o n .  i s  requested f o r  t h e  s u b j e c t  p r o j e c t  i n  t h e  
L i f e - o f - P r o j e c t  amount o f  $8.5 m i l  l i o n .  

Discuss ion:  Hav ing a lmost  a h a l f  b i l l i o n  d o l l a r s  o f  USAID funds i n v e s t e d  i n  t h e  
e l e c t r i c  power sec to r ,  t h e  M iss ion  c o l l a b o r a t e s  ve r y  c l o s e l y  w i t h  t h e  GOE 
agencies i n v o l v e d  i n  a l l  aspects  o f  t h e  Egyp t ian  energy s i t u a t i o n ,  r a n g i n g  from 
p o l l c y  p l a n n i n g  and t e c h n i c a l  t r a i n i n g  t o  power genera t lon  and ' d l s t r i b u t i o n .  
The M i s s i o n ' s  work i n  t he  s e c t o r ,  as w e l l  as t he  1978 U.S. Department o f  Energy- 
sponsored J o i n t  Egypt-U.S. Cooperat lve Energy Assessment have p rov i ded  us w i t h  
a l a r g e  amount o f  i n f o r m a t i o n  on Egyp t ' s  energy resources as w e l l  as on t h e  
government's a b i l i t y  t o  pu t  these resources  t o  use. 

Th is  p r o j e c t  i s  p a r t  o f  an o v e r a l l  p r o j e c t  concept e n t i t l e d  Energy Pol i c y ,  
Renewables Demonstrat lon,  U t i l  i t y  Management. The o v o r a l l  project ,when f i n a l l y  
au thor i zed ,  w i l l  c o n t a i n  t h r e e  r e l a t e d  a c t i v i t i e s ,  each o f  which i s  f u l l y  
separab le  which a r e  cons idered  c r i t i c a l  t o  t he  e f f i c i e n t  u t i l i z a t i o n  o f  E g y p t ' s  
enerav resources .  The f i r s t ,  and t he  one f o r  which a u t h o r i z a t i o n  i s  now be ina  
 SOU^^^, i s  development o f  a n - i n s t i  t u t i o n a l  capab i l  i t y  i n  enerqy po l  i c y  p l a n n i i  
t o  serve t h e  M E  Supreme Counci l  f o r  Energy (SCE) . The second i s  t h e  demonst r t -  
t i o n  o f  renewabl e enerqy t echno loq ies  i n  c r d e r  t o  Drepare Egyp t ian  po l  i c y  makers, 
p lanners  and t h e  p r i v a t e  s e c t o r  f o r  t h e  t ime when energy p r i c e s  make renewables 
economic. The t h i r d  i s  upgrad ing t h e  management o f  t h e  u t i l  i t y  agencies t o  
promote bo th  e f f l c i e n c y  and decen t ra l  i za t  i o n  o f  t he  energy s e c t ~ ~ r .  
These a c t i v l t l e s  a re :  

- Energy Pol I c y  P lann ing  - 
St reng then ing  Egyp t ' s  o v e r a l l  n a t i o n a l  energy,  economic and t e c h n i c a l  
p lann ing ,  as w e l l  as management c a p a b i l i t y ,  w i l l  enable t h e  GOE t o  ana lyze  
va r i ous  energy supp ly  op t i ons ,  develop a sound proaram t o  i d e n t i f y  energy 
demand and t h e  c a p a b i l i t y  t o  implement i t  i n  a more e f f i c i e n t  manner. Bas i c  
t o  t h e  p r o j e c t  i s  t h e  r e i n fo r cemen t  o f  t h e  Egypt ian O f f i c e  f o r  Energy P lann ing  
and Ana l ys i s  (OEPA), t h e  s t a f f  arm o f  t h e  Supreme Counci l  f o r  Energy, and 
o f  o t h e r  Egyp t ian  energy r e l a t e d  agenc ies.  Th is  w i l l  be accompl ished through 
t e c h n i c a l  ass is tance ,  on- the- job and se lec ted  long- te rm t r a l n i n g  and p r o v i s i o n  
f o r  a p p r o p r i a t e  hardware. The i n t e n t  i s  t o  upgrade Egyp t ian  c a p a b i l i t i e s  
i n  energy economics, a n a l y s i s ,  technology and conserva t ion ,  and i n  i n t o r m a t i o n  
systems management and systems a n a l y s l s .  



,t 1 s  expected t h a t  t h e  energy analyses w i l l  a l s o  r e s u l t  i n  a  b e t t e r  unders tand ing  
o f  t h e  techn ica l /economic  c h a r a c t e r i s t i c s  o f  renewable energy resource  systems. 
2enenaSles a r e  n o t  economica l l y  a t t r a c t i v e  a t  t h e  p resen t  t o  t h e  end-user i n  
:gs /$because o f  heavy s u b s i d i e s  on f o s s i l  f u e l  based energy.  It i s  f e ! t ,  
I ? w e u l e r ,  t h a t  Egypt i s  showing s i gns  r e g a r d i n g  movement i n  t h e  d i r e c t i o n  o f  
a d j u s t i n g  s e l e c t e d  energy p r i c e s  upward. I n  t h e  meanwhile, f i e l d  t e s t i n g  o f  
proven renewable techno1 og ies  i s  t i m e l y  i n  o r d e r  t o  eva l  u a t e  t h e i r  app rop r i a t e -  
ness f rom a  t e c h n i c a l ,  c u l t u r a l  and economic (based on w o r l d  energy p r i c e s )  
?o i r , t  o f  v iew.  Then, as Egypt moves toward r e a l i s t i c  energy p r i c e s ,  t h e  GOE 
can move c o n f i d e n t l y  i n  t h e  renewables a rea .  

- U t i  1  i t y  Management - 
I n  o r d e r  t o  respond t o  t h e  GOE reques t  f o r  ass i s t ance  i n  t h e  u t i l i t y  management 
a re? ,  i t  i s  i n i t i a l l y  necessary t o  d e f i n e  t h e  management i s sues  t o  be addressed. 
A j o i n t  d e t a i l e d  r e v i e w  and assessment o f  t h e  c u r r e n t  and planned management 
development program e f f o r t s  o f  bo th  t h e  Egyp t ian  El  e c t r i  f i c a t i o n  A u t h o r i t y  (EEA) 
and t h e  Rural E l  e c t r i  fi c a t i o n  A u t h o r i  t y  (REA) , w i  11 be under taken.  Recommendations 
\ . r i l l  then be t r a n s l a t e d  i n t o  an a p p r o p r i a t e  s u b p r o j e c t .  

-. 
r h 2  c v e r a l l  p r o j e c t  concept developed f rom t h e  i n t e r e s t  o f  t h e  GOE based on t h e  
1978 Na t i ona l  Energy Assessment. The reques t  came from t h e  M i n i s t e r  o f  Energy, 
who i s  Deputy Chairman o f  t h e  Supreme Counci l  f o r  Energy (SCE). The Supreme 
Counci l  f o r  Energy was e s t a b l i s h e d  by Decree as a  p a r t i a l  r e s u l t  o f  t h e  Assessment. 
The P r o j e c t  I d e n t i f i c a t i o n  Document (PID)  f o r  Energy P lann ing  and Renewables 
Demonstrat ion was approved by t h e  Near East  Adv i so r y  Committee (NEAC) i n  May, 1981. 
The P r o j e c t  Paper (.PP) f o r  Energy P lann ing  was approved by t h e  NEAC i n  December, 1981 
($2.5 m i l  1  i o n  FY 1982, $6.0 m i l  1  i o n  N 1983) (see a t tachment ) .  Th is  forms t h e  
bas i s  f o r  t h e  requested P r o j e c t  A u t h o r i z a t i o n .  

A  separate  P r o j e c t  Paper has been submi t ted,  b u t  n o t  y e t  approved, f o r  Renewables 
Demonstrat ion ($4 .0  m i l l  i o n  N 1982, $20.1 m i l l i o n  FY 1983) .  Documentation f o r  
U t i l  i t y  Management sub -p ro j ec t  w i l l  be prepared d u r i n g  FY 1983 and i s  p r o j e c t e d  
a t  $1 5.4 m i l  1  i o n .  

'The i n i t i a l ,  FY 1982, o b l i g a t i o n  f o r  t h e  $8.5 m i l l  i o n  Energy P lann ing  P r o j e c t  
w i l l  be $2.5 m i l l i o n .  Because t h e  t o t a l  aggrega t ion  o f  r e l a t e d  p r o j e c t s ,  when 
f i n a l  l y  au tho r i zed ,  w i l l  exceed $20 m i l  1  i o n ,  we a r e  r eques t i ng  you r  a u t h o r i z a t i o n  
o f  t h i s  i n i t i a l ,  separab le  p r o j e c t  a c t i v i t y .  As t h e  r e l a t e d ,  bu t  separab le ,  
sub p r o j e c t  a c t i v i t i e s  a r e  developed by USAID and approved by NEAC as P r o j e c t  
Paper amendments, we w i l l  be s u b m i t t i n g  each t o  you f o r  you r  a u t h o r i z a t i o n .  
The t o t a l  es t imated  c o s t  o f  a11 o f  t h e  sub -p ro j ec t s  i s  $48 m i  I 1  i o n .  



FIRST AMENDMENT 

TO 

PROJECT AUTHORIZATION 

Number o f  P r o j e c t :  263-0123 

1. P u r s u a n t  t o  S e c t i o n  531 of  t h e  F o r e i g n  A s s i s t a n c e  A c t  o f  1961, as 
amended, t h e  E n e r g y  P o l i c y  and P l a n n i n g  P r o j e c t  ( " P r o j e c t u )  f o r  t h e  
A rab  R e p u b l i c  o f  E g y p t  ( " C o o p e r a t i n g  C o u n t r y " )  was a u t h o r i z e d  on May 
13, 1982. T h a t  a u t h o r i z a t i o n  i s  h e r e b y  amended as f o l l o w s :  

a. The P r o j e c t  i s  h e r e b y  renamed " E n e r g y  P o l i c y  and Renewable  
E n e r g y  F i e l d  T e s t i n g . "  

b. P a r a g r a p h  1  i s  r e v i s e d  t o  r e a d  as f o l l o w s :  

'1. P u r s u a n t  t o  S e c t i o n  531 of  t h e  F o r e i g n  A s s i s t a n c e  
A c t  o f  1961, as amended ( t h e  ' A c t m ) ,  I h e r e b y  a u t h o r i z e  
t h e  E n e r g y  P o l i c y  and Renewable E n e r g y  F i e l d  T e s t i n g  
P r o j e c t  ( t h e  ' P r o j e c t Y )  f o r  t h e  A rab  R e p u b l i c  o f  E g y p t  
( " C o o p e r a t i n g  C o u n t r y * )  i n v o l v i n g  p l a n n e d  o b l i g a t i o n s  
n o t  t o  exceed T h i r t y - t w o  M i l l i o n  S i x  Hundred Thousand 
U n i t e d  S t a t e s  d o l l a r s  ($32,600,000) i n  g r a n t  f u n d s  o v e r  
a  f i v e - y e a r  p e r i o d  f r o m  t h e  d a t e  o f  a u t h o r i z a t i o n ,  
s u b j e c t  t o  t h e  a v a i l a b i l i t y  o f  f u n d s  i n  a c c o r d a n c e  w i t h  
t h e  A . I . D .  O Y B / a l l o t m e n t  p r o c e s s ,  t o  h e l p  i n  f i n a n c i n g  
t h e  f o r e i g n  exchange and l o c a l  c u r r e n c y  c o s t s  o f  goods 
and s e r v i c e s  r e q u i r e d  f o r  t h e  P r o j e c t . "  

c. P a r a g r a p h  2  i s  r e v i s e d  t o  r e a d  as f o l l o w s :  

"2. The P r o j e c t  w i l l  a s s i s t  t h e  G r a n t e e  t o  s t r e n g t h e n  
i t s  e n e r g y  p l a n n i n g  and a n a l y t i c  c a p a c i t y  b y  e s t a b l i s h -  
i n g  an institutions-l c a p a c i t y  t o  p e r f o r m  i n t e g r a t e d  
e n e r g y  and economic  a n a l y s i s  and t o  u n d e r t a k e  n a t i o n a l  
and s e c t o r a l  e n e r g y  and economic  p l a n n i n g  and t o  
e s t a b l i s h  t h e  t e c h n i c a l ,  economic  and c u l t u r a l  
f e a s i b i l i t y  o f  u t i l i z i n g  r e n e w a b l e  e n e r g y  t e c h -  
n o l o g i e s  i n  Egypt . "  



2.  The P r o j e c t  G r a n t  Ag reemen t  Amendment, w h i c h  may be  n e g o t i a t e d  
d n d  e x e c u t 2 d  by t h e  o f f l c e r  t o  whom s u c h  a u t h o r i t y  i s  d e l e g a t e d  
': a c c o r d a n c e  w i t ?  A . I . D .  r e g u l a t i o n s  and d e l e g a t i o n s  o f  a u t h o r i t y ,  
, + & I 1  b e  s u b j e c t  t o  t h e  f o l l o w i n g  e s s e n t i a l  t e r m s  and  c o v e n a n t s  
a r d  m a j o r  c o n d i t i o n s ,  t o g e t h e r  w i t h  s u c h  o t h e r  t e r m s  and con -  
; i t i o n s  a s  A.I.D. may deem a p p r o p r i a t e .  

a. S o u r c e  and O r i a i n  o f  Goods and S e r v i c e s  

Goods and s e r v i c e s ,  e x c e p t  f o r  ocean  s h i p p i n g ,  f i n a n c e d  
b y  A . I . D .  u n d e r  t h e  P r o j e c t  s h a l l  h a v e  t h e i r  s o u r c e  and o r i g i n  
i n  t h e  C o o p e r a t i n g  C o u n t r y  o r  i n  t h e  U n i t e d  S t a t e s ,  e x c e p t  as 
A . I . D .  may o t h e r w i s e  a g r e e  i n  w r i t i n g .  Ocean s h i p p i n g  f i n a n c e d  
b y  A.I.D. u n d e r  t h e  P r o j e c t  s h a l l ,  e x c e p t  as A.I.D. may o t h e r -  
w i s e  a g r e e  i n  w r i t i n g  be  f i n a n c e d  on f l a g  v e s s e l s  o f  t h e  U n i t e d  
S t a t e s .  

3 .  Based upon t h e  j u s t i f i c a t i o n  s e t  f o r t h  i n  t h e  P r o j e c t  P a p e r ,  
I h e r e b y  d e t e r m i n e ,  i n  a c c o r d a n c e  w i t h  S e c t i o n  6 1 2 ( b )  o f  t h e  
A c t ,  t h a t  t h e  e x p e n d i t u r e  o f  U n i t e d  S t a t e s  d o l l a r s  f o r  t h e  
p r o c u r e m e n t  o f  goods  and s e r v i c e s  i n  E g y p t  i s  r e q u i r e d  t o  
f u l f i l l  t h e  p u r p o s e s  o f  t h i s  P r o j e c t ;  t h e  p u r p o s e s  o f  t h i s  
P r o j e c t  c a n n o t  be  m e t  e f f e c t i v e l y  t h r o u g h  t h e  e x p e n d i t u r e  o f  
U.5.-owned l o c a l  c u r r e n c i e s  f o r  such  p r o c u r e m e n t ;  and  t h e  
a d m i n i s t r a t i v e  o f f i c i a l  a p p r o v i n g  l o c a l  c o s t  v o u c h e r s  may u s e  
t h i s  d e t e r m i n a t i o n  as t h e  b a s i s  f o r  t h e  c e r t i f i c a t i o n  r e q u i r e d  
b y  S e c t i o n  6 1 2 ( b )  o f  t h e  A c t .  

. . 
4 .  The a u t h o r i z a t i d n  c i t e d  above r e m a i n s  i n  f o r c e  e x c e p t  as 
h e r e b y  amended. 

b L  
h.  P e t e r  McPherson  

JUL 2 9 1982 
D a t e  

C l e a r a n c e s :  



ACTION MEMORANDUM FOR THE ADMINISTRATOR 

THRU : ES 

THRU : AA/PPC, John Bolton I I 

FROM : AA/NE, W. Antoinette For .9 
SUBJECT: Egypt - Energy Policy Planning and Renewable Energy Field Testing 

(263-0123) - Amendment to Project Authorization 

Problem: Your authorization is requested (attachment # 1) for amendment of the 
Energy Policy Planning Project (263-0123) for Egypt to include Renewable Energy 
Field Testing in the additional Life-of-Project amount of $24.1 million. 

Discussion: ?he first sub-project, Energy Policy Planning (263-0123.1) was 
authorized on May 13, 1982. 'Lhe accompanying Action Memorandum (attachment #2) 
described the three activities which make up the overall project concept. The 
description remains valid for the Renewable Energy Field Testing (Renewables 
Demonstration) sub-project which is the subject of this requested amendment. 

A separate sub-project Paper has now been reviewed and approved for the 
Renewables Demonstration activity, now titled Renewable Energy Field Testing 
(attachment #3). This is for the amount of $4.0 million in FY 1982, and $20.1 
million in FY 1983. When added to the $8.5 million for Ehergy Policy Planning, 
already authorized, this brings the project total to $32.6 million. Still 
remaining to be presented, in FY 1983, is the sub-project activity for Utility 
Management, planned in the amount of $15.4 million. ?he total estimated cost 
of the three sub-project activities remains at $48.0 million. 

The Renewable Energy Field Test sub-Pro ject Paper was approved by the Near East 
Bureau on May 20, 1982. At that time the Near East Advisory Conanittee 
requested responses from the Mission on four issues. Briefly, they were: (1) 
that the selection of National kronautics and Space Administration, kwis 
Research Center (NASA/kwis) as the project management entity be fully 
justified, (2) that plans be clarified for the institutional developnent of the 
Government of Egypt (GOE) implementing agency, the Qattara Hydro and Renewable 
Energy Authority (QHREA), (3) that the project should include further provision 
for development of the information system integral to the project and (4) that 
the Mission discuss the relationship of this project to the AID/GOE energy 
sector policy dialogue and address feasibility of alternatives to government 
leadership in the area of renewable energy resources (attachment #4). 

USAID/Cairo has replied (attachment #5 a, b) to the issues above to the 
satisfaction of the Near East Bureau. The Yission indicated that (1) use of 
NASA/kwis has met the standards of OMB Circular A-76 and Section 621(a) of the 
F.A.A., in that NASA/kwis is particularly suited to the functions of the 
management entity and is not in capetition with the private sector in that 



rea<?rd. Some of t h e  functions t h a t  N A S A / k w i s  would perform a r e  "governmental 
flxictions" concerning prvgram oversight t h a t  AID would otherwise perform 
- O ~ S  and under 0:G A-76 is not permitted t o  delegate t o  a con-U.S. 
go;l=rrment e n t i t y .  h l l i le  much of the  management contrac t  does not include 
these functions, they a r e  inextr icably intertwined with t h e  other management 
c T c  -cuks ,  and cannot be separated i n t o  severa l  separa te  management contrac ts  
w'zL:out losing t h e  benef i t  of one overa l l  projec t  manager. The Mission has 
e idmra ted  upon t h i s  and other points  i n  support of NASA/Lewis i n  attachment 
5a. NASA/kwis is already successfully performing a function s imi lar  t o  t h e  
one proposed herein i n  Tunisia f o r  a smaller s c a l e  renewable energy projec t .  
The decision on the  use of NASA/kwis has not ye t  been made and is not  
required f o r  projec t  authorizat ion.  Of the  $20.0 mi l l ion  planned f o r  the  
PASA, 92% or $18.4 mi l l ion  w i l l  be used fo r  sub-contracts with U.S. p r iva te  
sec tor  firms. 

The Mission has a l s o  indicated t h a t  ( 2 )  the  QHREA ana lys i s  and plans w i l l  be 
complete before the  grant  agreement is signed, o r  included a s  a Cordi t ion  
Prcded ent  p r io r  t o  f i r s t  disbursement; (3 )  the  projec t  in£ ormation system 
w i l l  be designed and i n  place during t h e  f i r s t  projec t  year; and (4)  t h e  
Mission has had lengthy discussions with the  GQE on energy pr ic ing,  the  GOE 
understands our pos i t ion  and sane adjustments have been made i n  e l e c t r i c i t y  
r a t e s  and o the rs  a r e  i n  the  offing.  The energy pr ic ing s i t u a t i o n  is a l s o  
elaborated fu r the r  i n  attachment 35 b. Further t o  item ( 4 )  above, t h e  Near 
2,- Bureau reccJnmended as par t  of our comprehensive energy policy f o r  Egypt 
t h a t  w e  proceed t o  develop and implement t h i s  projec t .  You agreed with our 
r e c m n d a t i o n  during March 5 meeting on energy policy. 

An Advice of Program Change f o r  t h e  t o t a l  projec t  was sent  t o  the  Congress on 
March 11, 1982 and the  1 5  day waiting period expired without object ion on 
March 26, 1982. 

There a r e  no current  human r i g h t s  issues under sec t ion 502 b of the  F.A.A. 
which would preclude provision of t h i s  ass is tance  t o  Egypt. 

Recommendation: m a t  you ind ica te  your approval of t h i s  sub-project by 
signing the  at tached Project  Authorization. 

Attachments: 
1. Project  Authorization (263-0123.2) 
2. Action Memo t o  t h e  Administrator dated F p r i l  20, 1982 
3. Project  Paper (253-0123.3) 
4.  NEAC cable S t a t e  151267 
5. Mission reply t o  NEAC cable,  Cairo ( a )  14823, (b )  14212 



SECOND AMENDMENT 

PROJECT AUTHORIZATION 

- Name o f  C o u n t r y :  A r a b  Re u b l i c  
b + Name o f  P r o j e c t :  E n e r q y  P o l i c  

and  R e n e w a b l g  " ,  - - - 

t n e r a v  F i e l d  
T e s t i n a  

Number o f  P r o j e c t :  2 6 3 - 0 1 2 3  

1. P u r s u a n t  t o  S e c t i o n  5 3 1  o f  t h e  F o r e i g n  A s s i s t a n c e  A c t  o f  1961 ,  as 
amended, t h e  E n e r g y  P o l i c y  and R e n e w a b l e  E n e r g y  F i e l d  T e s t i n g  P r o j e c t  ( t h e  
" P r o j e c t " )  f o r  t h e  A r a b  R e p u b l i c  o f  E g y p t  ( " C o o p e r a t i n g  C o u n t r y 1 ' )  was 
a u t h o r i z e d  on May 13 ,  1982,  and t h a t  a u t h o r i z a t i o n  was amended on J u l y  29, 
1982 .  T h a t  a u t h o r i z a t i o n  i s  h e r e b y  f u r t h e r  amended as  f o l l o w s :  

a. P a r a g r a p h  2 o f  t h e  F i r s t  Amendment t o  P r o j e c t  A u t h o r i z a t i o n  i s  
d e l e t e d  and  r e p l a c e d  w i t h  t h e  f o l l o w i n g :  

The  P r o j e c t  G r a n t  A g r e e m e n t ,  o r  t h e  P r o j e c t  G r a n t  A g r e e m e n t  Amend- 
m e n t ,  as t h e  c a s e  may be ,  c o v e r i n g  t h e '  g r a n t  f u n d s  and  a c t i v i t i e s  
added  b y  t h i s  F i r s t  Amendment t o  P r o j e c t  A u t h o r i z a t i o n ,  w h i c h  may b e  
n e g o t i a t e d  and e x e c u t e d  b y  t h e  o f f i c e r  t o  whom s u c h  a u t h o r i t y  i s  
d e l e g a t e d  i n  a c c o r d a n c e  w i t h  A . I . D .  r e g u l a t i o n s  and  d e l e g a t i o n s  o f  
a u t h o r i t y ,  s h a l l  b e  s u b j e c t  t o  t h e  f o l l o w i n g  e s s e n t i a l  t e r m s  and  
c o v e n a n t s  and m a j o r  c o n d i t i o n s ,  t o g e t h e r  w i t h  s u c h  o t h e r  t e r m s  and  
c o n d i t i o n s  as A. I . D .  may deem a p p r o p r i a t e .  

( 1 )  S o u r c e  and O r i g i n  o f  Goods and S e r v i c e s  

Goods and s e r v i c e s ,  e x c e p t  f o r  o c e a n  s h i p p i n g ,  f i n a n c e d  b y  A.I.D. 
u n d e r  t h e  P r o j e c t  s h a l l  h a v e  t h e i r  s o u r c e  and  o r i g i n  i n  t h e  C o o p e r a t i n g  
C o u n t r y  o r  i n  t h e  U n i t e d  S t a t e s ,  e x c e p t  as A. I .D.  may o t h e r w i s e  a g r e e  i n  
w r i t i n g .  Ocean s h i p p i n g  f i n a n c e d  b y  A. I .D.  u n d e r  t h e  P r o j e c t  s h a l l ,  
e x c e p t  as A.I .D. may o t h e r w i s e  a g r e e  i n  w r i t i n g  b e  f i n a n c e d  on f l a g  
v e s s e l s  o f  t h e  U n i t e d  S t a t e s .  

2. The a u t h o r i z a t i o n  c i t e d  above  r e m a i n s  i n  f o r c e  e x c e p t  as h e r e b y  
amended. 

M .  A n t o i n e t t e  F o r d  
A s s i s t a n t  A d m i n i s t r a t o r  
B u r e a u  f o r  N e a r  E a s t  

BEST AVAILABLE COPY 



C l e a r a n c e s :  n 
:BLan 
CJohn 
H:KSh 
H / H R S  
S T a u b  
Gower 
GDav i 
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AUG - 6 1982 

ACTION MEMORANDUM FOR THE ASSISTANT ADMINISTRATOR, BUREAU FOR NEAR 
EAST 

FROM: NE/TECH, K e n n e t h  S h e r p e r  fly 
SUBJECT: E g y p t  - E n e r g y  P o l i c y  P l a n n i n g  and  R e n e w a b l e  E n e r g y  F i e l d  
T e s t i n g  P r o j e c t  ( 263 -0123 ) -Amendmen t  t o  P r o j e c t  A u t h o r i z a t i o n  

P r o b l e m :  Y o u r  a p p r o v a l  i s  r e q u i r e d  t o  amend t h e  P r o j e c t  A u t h o r i z a -  
m r  t h e  above  p r o j e c t  t o  p e r m i t  t h e  f u n d s  and  a c t i v i t i e s  a u t h -  
o r i z e d  f o r  t h e  R e n e w a b l e  E n e r g y  F i e l d  T e s t i n g  Component  t o  b e  o b l i g a t e d  
b y  a  s e p a r a t e  g r a n t  f r o m  t h e  f u n d s  and  a c t i v i t i e s  a u t h o r i z e d  f o r  t h e  
E n e r g y  P o l i c y  P l a n n i n g  c o m p o n e n t .  

D i s c u s s i o n :  
$8.5 m i l 1 1 0  
P r o j e c t .  A 

The P r o j e c t  was o r i g i n a l l y  a u t h o r i z e d  i n  t h e  amoun t  o f  
n, on May 13, 1982 ,  as t h e  E n e r g y  P o l i c y  and  P l a n n i n g  

R e n e w a b l e  E n e r g y  F i e l d  T e s t i n g  c o m p o n e n t ,  i n  t h e  a d d i -  
t i o n a l  amount  o f  $24 .1  m i l l i o n ,  was a u t h o r i z e d  b y  t h e  A I D  A d m i n i -  
s t r a t o r  o n  J u l y  29, 1982,  b y  t h e  F i r s t  Amendment t o  t h e  P r o j e c t  
A u t h o r i z a t i o n .  T h a t  F i r s t  Amendment a u t h o r i z e d  o b l i g a t i o n  o f  t h e  
R e n e w a b l e  E n e r g y  F i e l d  T e s t i f l g  f u n d s  b y  an amendment t o  t h e  o r i g i n a l  
g r a n t .  S u b s e q u e n t l y ,  t h e  M i s s i o n  h a s  s t a t e d  t h a t  i t  w i s h e s  t h e  
f l e x i b i l i t y  t o  o b l i g a t e  t h e  Renewab le  E n e r g y  F i e l d  T e s t i n g  c o m p o n e n t  
b y  means o f  a  s e p a r a t e  g r a n t  a g r e e m e n t .  Each componen t  w i l l  h a v e  a  
d i f f e r e n t  i m p l e m e n t i n g  a g e n c y ,  and  t h e  r e s p o n s i b i l i t i e s  o f  e a c h  
a g e n c y  w i l l  b e  m o r e  c l e a r l y  d e l i n e a t e d  if t h e r e  a r e  s e p a r a t e  g r a n t s .  
The e x i s t e n c e  o f  s e p a r a t e  g r a n t  a g r e e m e n t s  means t h a t  p r o j e c t  f u n d s  
w i l l  b e  a v a i l a b l e  o n l y  f o r  t h e  p u r p o s e s  o f  t h e  a p p l i c a b l e  g r a n t  
a g r e e m e n t .  Howeve r ,  we h a v e  s u g g e s t e d  t o  t h e  M i s s i o n  t h a t  i t  d r a f t  
t h e  p u r p o s e s  o f  e a c h  s e p a r a t e  a g r e e m e n t  b r o a d l y ,  t o  encompass  t h e  
p u r p o s e  o f  t h e  e n t i r e  p r o j e c t ,  s o  as  t o  r e t a i n  maximum a v a i l a b i l i t y  
o f  a l l  f u n d s  f o r  t h e  t o t a l  p r o j e c t .  

You h a v e  a u t h o r i t y  t o  a p p r o v e  t h i s  amendment t o  t h e  a u t h o r i z a t i o n  
u n d e r  D e l e g a t i o n  o f  A u t h o r i t y  133 ,  S e c t i o n  4 ( 2 ) ,  e v e n  t h o u g h  t h e  
t o t a l  amount  o f  t h e  p r o j e c t  now a u t h o r i z e d  i s  $32 .6  m i l l i o n ,  s i n c e  
t h i s  amendment does  n o t  add  f u n d s ,  d o e s  n o t  i n v o l v e  a  s i g n i f i c a n t  
p o l i c y  i s s u e ,  and does  n o t  i n v o l v e  a  w a i v e r  t h a t  o n l y  t h e  A d m i n i -  
s t r a t o r  may a p p r o v e .  

R e c o m m e n d a t i o n :  T h a t  y o u  a p p r o v e  t h e  a t t a c h e d  Second  Amendment t o  
P r o j e c t  A u t h o r i z a t i o n  f o r  t h e  E n e r g y  P o l i c y  P l a n n i n g  and R e n e w a b l e  
E n e r g y  F i e l d  T e s t i n g  P r o j e c t ,  p e r m i t t i n g  t h e  f u n d s  and  a c t i v i t i e s  
a u t h o r i z e d  f o r  t h e  R e n e w a b l e  E n e r g y  componen t  t o  be  o b l i g a t e d  b y  a  
s e p a r a t e  g r a n t  a g r e e m e n t .  

A t t a c h m e n t s :  
1.  Second  Amendment t o  P r o j e c t  A u t h o r i z a t i o n  
2. F i r s t  Amendment t o  P r o j e c t  A u t h o r i z a t i o n  
3. P r o j e c t  A u t h o r i z a t i o n  
4 .  C a i r o  78719 



fin I d v i c e  o f  Program Change f o r  t h e  t o t a l  p r o j e c t  was s e n t  t o  t h e  Congress on 
Mc-cb 71, 1982, and t h e  15 day ldai t i n g  p e r i o d  e x p i r e d  w i t h o u t  o b j e c t i o n  on 
March 26, 1952. 

Th?!-e a r e  no c u r r e n t  human r i g h t s  i s s u e s  under S e c t i o n  502b o f  t h e  F.A.A. which 
wculd  p r e c l u d e  p r o v i s i o n  o f  t h i s  a s s i s t a n c e  t o  Egypt .  

Secornmendation: Tha t  you i n d i c a t e  y o u r  approva l  o f  t h i s  P r o j e c t  Paper by s i g n i n g  
t h e  a t t a c h e d  P r o j e c t  A u t h o r i z a t i o n .  

At tachments : P r o j e c t  Au thor1  z a t i o n  
P r o j e c t  Paper 

C1 earance: 

(fiGC: Kel 1  y  Xamrnerer 

~P~/PDPR:3Eriksson 

yv$hL . D a t e h I f ~  

Date 



5C ( 2 )  - PHOJECC CHECKLIST 

L i s t e d  below are  s t a t u t o r y  c r i t e r i a  a p p l i c a t ~ l e  g e n e r a l l y  to  p r o j e c t s  v i t h  
FAA f u n d s  and  p r o j e c t  c r i t e r i a  ~ [ p l i c d h l e  t o  i n d i v i d u a l  f ~ n r 3 i n . j  s r ; . ) r c ~ s :  
Dcvc~lopr;tcrlt A s s i s i d n c e  (wlLh a F. 1 I c : , 3 t r . < ) o r  y f tor r - r  1 t r.r i a  a i ~ ; , l  i;n!,it. t . ! , i  y 
to l o a n s )  ; a n 0  Ecc~non,i  c Sulq)or  t Frjr~d. 

CkC'S5 H t  t3E,ii.t?+._ES: IS ? 1 . 1  S '  [ I  yes 
TTJ DATE? Il?>S S'.'A'~YJ!J~ 1 )  

I'I'i3; CHtrl'KLl57' )>!.EN 
R ~ L - I  I:~,-EG FOR 2%: s 
i'i<C,J LC T? Y e s  

A. GEhiW5L CRITERIA FOR PROJCCT .- 

1. Cc.nt ifi i l ir .a Rrsolut i o n  ! ! r ~ : r t i ~ t , f ~ l  c ,d;  _ - _ - - -. . - - . _. .. . _ - _. - 
:-.:.I, Sec .  6 3 : L :  Sec. 6 5 3  (b )  . -- 

( a )  Desc r  i  be how a ~ ~ t  h o r  I z I ng a:ld Cong re s s  s h a l l  be n o t i f i e d  
~ r p r o p r l d t i c ~ r ~ s  Con ,n ,~ t t  cbcs ol i n  a c c o r d a n c e  w i t h  r e g u l a r  
Sena te  C I ~ C !  Hnuse t1ar.e L, -CI I  o r  agency  p r o c e d u r e s .  
v l !  1 h e  r ~ c l t  lf icd c, ;i:r r nir4.l 
p r o j e c t ;  ( t * )  I S  S - ~ L T . I : ; ~ C ~ I I C ~ . !  w ) t l b l ~ l  
(Upcr a t i o n a l  Year Budget) cou:rt  r y  The i n t e n d e d  o b l i g a t i o n  is 

cjr l r r t e r n a t i o ~ m l  o ~ g a r ~ ~ z a t ~ o n  w i t h i n  t h e  l e v e l  of f u n d s  
a l l o c a t i o n  r e p o r t e d  to C o n g r e s s  a p p r o p r i a t e  for Egypt .  
( o r  riot more t h a n  $1 m i l  l ~ o n  o v e r  
t h a t  f i g u r e ) ?  . 

2. FAA SeC. 6 1 1 ( a ) ( l ) .  P r i o r  to  
o b l i g a t i o n  i n  e x c e s s  o f  $100,000, 
w i l l  t h e r e  be ( a )  e n g i n e e r i n g ,  Yes 
f i n a n c i a l  and o t h e r  p l a n s  
n e c e s s a r y  t o  c a r r y  o u t  t h e  
a s s i s t a n c e  a n d  (b) a ressurlat . , ly  Yes 
f i r m  e s t i m a t e  o f  tire cost to  t h e  
u.S. o f  t h e  a s s i s t a n c e ?  
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3. FAA Set. 611 (a) ( 2 1 .  I f  furtt1c.r - -------- N.A. 
leglsletlve actlon it required 
within recipient country, what is 
basis for reasonable expc.-tat ion 
that 6uch actlon will tc 
co~:~;,:rtt.d in tin,<: to rermit 
c:oc rly ,jt:cci~~~piisl;n~i.ht of purpu: ;e  
of t l ~ e  a:-:slst,,irce? 

. I  . 7 .  . .-.,, ... .  :. tb !  1 ( - c . ) - .  . 1 '  i l i c  ju :+- i ! .  
. . . . - . . 

< , i>ltfi l  d:-!:Jst;*!~ce [e.9.,  
cans! ruct i cn )  , arrd aii L!.S. 
ac.?i::t=rdcr f n r  it vil: vxcce,d $1 
nlill:on, ha:; ?)is:. ion r , .  r t b c t  or 
c t  r t i f  1r.d c . I , ~  R+ y:c-.1rlhl A s : . j s t . , ~ ~ t  

hdr~~in~~rrator t a k e n  ir~to 
~onslderation the coun,tryUs 
capability rf f rctively to 
ndintain and utilize the project? 

N . A .  

6. F'AA Sec 209. 16 project N. A. 
susceptible of execution as part 
of regional or multilateral 
project? If 60 why is project 
rrot so executed? Information and 
conclusion vhether assistance 
will encourage regional 
deveio;u:lcnt programs. 

7 -  )':A S ~ C .  - 6 0 1 0 .  -. Information and Project, through the demonstration of 
conclusions whett~er project will renewable energy technologies will 
en;rfuracjt. r! forts of tt ie coklntry encourage the flow of international 
to: ( a )  irr:.zc.ase ttlc f ~ O V  u f  trade in thkarea initially. It is 

anticipated that private initiative 
and competition will also be fostered 
for local manufacture of such tech- 
nologies. Training will also be given - 
in these technologies so that the 
potential for improvement in energy 
efficiency in all sectors can be 
realized. 
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international trade; (b) foster 
private initiative and 
compctltiont and (c) encourage 
development and use of 
cooperatives, and credit unions, 
and savings and loan 
assxiations; (d) discourdje 
mcjrtoplistic practices; (e) 
improve technic61 efficierrcy of 
lr~d~stry, arjricul tdre end 
c o i ~ - ~ e r t e ;  ~ r ~ d  (f) sLr1.-flythen f ree 
1 a k r  u;, i o n s .  

6 .  Y.L.4 S v r .  L C 1  ( D )  . lnf~.trc-,Ltion i i i lo 
~ . . ~ .  .- 

cur1clu2;i~r1 o:, r l c w  p : r ~ j t , r t  v i i l  
t-nc:odr o q e  0 . S .  pr ivdte t r , ~ d t .  isr~cj 

invest n.ent abroad and el~cojJragr 
private U.S. part icipat- ion ~ r )  
f nr .: i u r ~  . ~ s s  J :it ar,cc- pl c a r ]  r i f in , : :  

jl;cluc!iny use .  ~f pr:v.rt l: t~ ,lac 
cnanncis and the services of U.S. 
private enterprise). 

636 i h )  ; 9 c;.;l. .S_r-I2- _6 1 2 ( !JL *- - - - -- 
Car::; ~ L J ~ I I U  f.c.:cI u t  ion !pt..z. 506.  _ _ _ _  _ __r _. 

C t ? ~ i : i i k .  steps tarten to irssurc 
that, to the maximum ext-ent 
possible, the country is 
ccntributing local currencies to 
meet the cost of contractcal and 
other services, and foreign 
currencies owned by the U.S. are 
utilized in lieu of aollars. 

10. FAA Sec. 612(d). Does the U.S. 
own excess foreign currency of 
the country and, if so, uhat 
arrangements have been made for 
its release? 

11. FAA Sec. 601(e). Will the 
project utilize competitive 
selection procedures for the 

This project will utili-ze I'.?. 
private ccn,panies for all i j ~ l d  
tests, providing tkrose ccmparic-s 
experience in the Fgyptian e r i \ . i ~ - c n -  
ment and knowledge on the loch1 
marketplace. 

See attached next page 

All U.S. owned local currency 
has been programmed. N?ne is 
available for this project. 

Yes 
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9. Continued 

The Government  o f  E g y p t  is p r o v i d i n g  f i n a n c i n g  f o r  a p p r o x i m a t e l y  15% o f  
t o t a l  e s t i m a t e d  costs ( $ 4 . 4  mi11 i o n ) ;  t h e  E y y p t i a n  Government  
c o n t r i b u t i o n  w i l l  b e  f o r  l o c a l  c u r r e n c y  costs t o  c o v e r  s a l a r i e s  a n d  
s e r v i c e s  f o r  E g y p t i a n  p a r t i c i p a n t s .  An e s t i m a t e d  1 7 %  o f  t h e  AID g r a n t  
w i l l  r e q u i r e  l o c a l  c u r r e n c y  e x p e n d i t u r e s  f o r  t r a v e l ;  r e l a t e d  p r o j e c t  
s u p p o r t  c o s t s ,  p r o j e c t  p r o m o t i o n  a n d  i n - c o u n t r y  t r a i n i n g .  ~t is 
r ~ c o ~ n ~ e n d e d  t h a t  Egll.ptian c u r r e n c y  f o r  t h i s  p u r p o s e  b e  p i ~ r c h a s e d  w i t h  
U.S. d o l l a r s  s i n c e  U.S.-ow>ed l o c a l  c u r r e n c y  h a s  a l r e a d y  Seen 
programmed. 61 2 ( b )  d e t e r m i n a t i o n  a t t a c h e d .  
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a w a r d i n g  o f  c o n t r a c t s ,  exec;)! 

w ? # e l e  a p p l i c a b l e  p r 3 c u r e n 1 e n t  
r u l e s  a l l o w  o t h e r w i s e ?  

1 .  Cont l p t ~ i n g  P o ~ x ~ l u t i o n - S r c .  . .  - - .  5 1 2 .  . 

I f  * : ' ! i l ! , t  .SI,[.C* I :. f < , !  t Idt* 

PI ut1uct  I ~ . I I I  uf b r ~ y  ct,i,:;fq, *l  I ty 1 [.$I 

e x p o r t ,  i s  t.'w commi~rdi:y likely 
to  ht 1 1 ,  r l ; r r ; j u s  or; wL:rld n , a r k f . t s  
a: t t . 2  tin@ r:ir r e s u l t ~ r i g  
. , . . . .. ;.: t :..-L. C. > i l . , z i  t y !)PC-( ,r,t.s 

.... .:, : *.*,c , . . I 1 3  1 s  Y,aJ<.!, 3 : ; 5  ::' . . > y t :  f2 

I . :  , .: .I;.  t:, T:?".c.C' !.il:::r.;:nt : a ]  

17.3 C ;  .J - to u.S. I J i ( ~ . ~ . l i f - r t .  of rrrt-  
;a;:..: , r. ;it: l dr o r  cu:rsi.,et i t  : ng 
cori*:.td i t)  ? 

t . .  F 1.:. ':C; C',. I'?:.l*.: r. FhC)P. I ' R C A ~ Y ~ . ? '  
. . .  - . . . - 

a. !,; , .Pa S.:::, 1 0 2 ( t > )  , 111, 1 1 3 :  
.., , 
I : . k h :  * . r l t .  tc, U ~ I I ~ . . ~ I  

t , ,  ! 1 t y  W )  i 1 ( i ~ )  

e! i c . : r t  jvc.1 y i n v o l \ - r  t h e  [uor 
i n  o e v e l o p n t r n t  , by c x t r n d i n g  
access to  economy a t  local 
l e v e i ,  i n c r e a s i n g  
l d t ) o r - i n t ~ . r r s i v e  p r o d u c t i o n  
a n d  t h e  u.sc o f  a p p l  o p r  i a t e  
t r c h n o l o y y ,  s p r e a d i n g  
i n v e s t m e n t  o u t  f r om c i t i e s  
to  s m a l l  t o w n s  a n d  r u r a l  
a r e a s ,  a n d  i n s u r i r ~ g  w i d e  
p a r t l c i r ~ b t i o n  of t t ~ c  p w r  i n  
t t~c:  t,rr,ef j t s  of d c . v t - l ( . ; ~ n t ! . r ~ t  
o n  a s u s t a i n e d  basis, uslnc 

the  a p p r o p r i a t e  U.S. 
i n s t i t u t i o n s ;  (b) h e l p  
d e v e l o p  c o o p e r a t i v e s ,  
e : ; j , e c j i ~ l l y  by t e c h n i c a l  
a r s i s t : l n c c ,  to  a s s i s t  r u r a l  
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an& urban poor to help 
themselves tovard bcttcr 
life, and ottrerwise 
encourage democratic private 
and local governmental 
irrst i tut ions : (c) r;ul,jlcrr t 
the t.elf-t~elp ef f o r i s  of 
deveiopiny countries; (d) 
promote the participation of 
wcjsacn In the natlor~al 
econcmies of developi ng 
ci,.lr,tr ies and ttre 
impr ~'..e:!i&.nt of v s e n  ' s 
s t 2 t c s ;  and ( e )  util~ze and 
e 1 1 ~ 0 : ~ r b g ~  regional 
r-uoi)fr~a:ion by oevt.luping 
c01:11trirrs? 

h. Ft& See. 103, 103,!, 1 0 4 ,  .-.. ~. .- --- 
5 ,  1 ,  1 Is - - - -- . . - .. . . -- . - - 
irrslstance being ii,ade 
ava:l*bl e: (include only 
appl ~ c a ! ) l e  psray ra~~tj wtrlctl 
c c ) r r . ? ? p ; ) i , c l r .  to  s c u r c e  of 
f uric!- IJ:.(-(;. 1 f  n , , . : r t .  t i,.ir~ 

olbc2 J L I : ~ ~  S ~ ) U C C ~  i:i used for 
pro)rct, include relevant 
paragraph for ebch fund 
sc lur  ce. ) 

(1) 11031 for agriculture, rural 
developn~ent; if SO (a) extent to 
which activity is specifically 
designed to increase productivity 
and incon~e of rural poor; 103A if 
for agriculture research; full 
account shall be taken of the 
n c ~ d s  of small farmcrs, and 
extensive use of field testing to 
adapt basic research to local 
conditions shall be made; (b) 
extent to which assistance is 
ubed in coordination with 
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p r o g r a n t s  c a r r i e d  o u t  urrder S c c .  
1 0 4  to h e l p  i m p r o v e  n u t r  1 t iort  of 
t h e  people o f  d e v e l o p i n g  
c o u n t r i e s  t h r o u g h  e n c o u r a g e m e n t  
o f  i n c r e a s e d  p r o d u c t i o n  of c r o p s  
w i t h  c j r c*n t r r  n d t r  1 t i . r ) r~nl  v n l u t . ,  
~ ~ : . p r  i ~ v c . l ~ ~ c . n t  of p l n n ~ ~ l ~ l c ;  ,. 

r e s e a r c h ,  and e d u c a t i o n  v l  t t l  

r e s ! j r c t  t o  n u t r i t i o n ,  
p a r t  l c ~ l l a r l y  w l t h  r e f e r  e r r ce  to  
i I;.; r .:,;.e:!,<:n t a n d  ~ x p a r r d ~ d  u s e  c ~ f  

: - tn l  : . - , : !c, l~siy pr;)dircr-d ! o .~ f*  : u! f s ;  

ano tk.e u n ~ ~ : r t h k . i i t , ~  of p l l o L  or 
r j ? : r ~ ~ s t r a t  lcrr, of P I  0 3 r ~ 1 1 1 : ,  
c x p l  i c i  t l y  a d ~ l r r ~ s r l n c ;  t!re i.~r,t;lc.r~. 
of , ihal~lut r  1 t i o n  of j x o r  and 
v u l : ~ r : r a t ~ l e  ;~*.oplc.; a n d  ( c )  
tcr W ! I ~ C ~ I  i t c t i v i  t.y ir lc:~c.<~,.c.r :  
:..at :of,;:] f c - : ~ j  t , t . ( . ~ ! r  l t  y I,? 

i ~ ; ~ , , t  r . l \ , l  :19 f ( q . ~ c j  } ) $ ~  ; 1 I.- i ,?: , I I I ( I  
ii:nndye~r,c.rrt a n d  by s t r  e r , y  tl~c-11, r l q  

n a t l o y a l  f c ~ d  r e s e r v e s ,  w i t h  
r a r  t i z u l  a r  c o r ~ c e r n  f o r  tttie r l c e d s  
o! t h e  rair>r , t t ~  r c.u9:1 rr,,-;,sc r r.:: 
e.~cCb.jI L : :  i  rls 6 ~ 1 : 1 0 t * ~ ~ t  A C  p 1  ,p:ltj(:t : .brl, 
bui lc i l r15 n d t  i c m a l  fcmd rc*.ter v v s ,  

ex! , j r la lng a v a i l i r b l e  s t o r a g e  
f a c i ? l L i e s ,  r e o : j c i n g  post h a r v e s t  
f WA losses, arrc i n ~ ~ ~ r o v i r i c j  f w ~ d  
d i s t r i  b u t i o r ~ .  

( 2 )  11041 f o r  population 
p l a n n l n g  u n d e r  sec. 1 0 4 ( h )  o r  
h e a l t h  u n d e r  sec. 1 0 4  ( c )  : i f  so, 
( i )  e x t e n t  to  w h i c h  a c t i v l t y  

e m p h a s i z e s  l o w - c o s t ,  i n t e g r a t e d  
d c l i v e r y  s y s t e m s  f o r  trc.al t h ,  
nutrition J I I ~  f n m l l y  p l a r l r ~ i n y  f o r  
t t ~ c  w r e s t  p e o p l e ,  w l t t ~  
p a r t i c u l a r  a t t e n t i o n  t o  t h e  n e e d s  
o f  n a t h e r s  a n d  y o u n g  c h i l d r e n ,  
u s i n g  p a r a m e d i c a l  a n d  a u x i l i a r y  
m e d i c a l  p e r s o n n e l ,  c l i n i c s  a n d  
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health posts, commercial 
distribution systems and other 
modes of cornunity research. 

(4) I1051 for education, public 
administration, or human 
resources dcvelul.laocnt; ~f so, 
extent to which eztlvit)' 
strensti~ens r~onfornsl eiuriitlon, 
x,akt?s forr~al edmst ion more 
re;.-vant, e:rpiLcla!ly f~)r r , : r a l  
f.=n i lies i Ir lrJ ur !.an ; n ~ . . , r ,  c1r 

.St 1 ,*ny t;lt,ll:; ll.i,l,'~ > i  ' ~ l v b I ; L  C . , !  , . : , l  1 I t  }I 

of ; n s t l t u t  lor):; cn>t)l:r,i; r ! ~ t .  ; # ~ L , I  

to pal t i c i  ~ 1 . 3  t t i n  di-vt.! c - ~ p n ~ c - r ~ t  ; 
and (ii) r x t e r , t  to wl.lct~ 
as s  i c t s n c e  pr a v i d e s  aav;r?ct.c 
education and crainj ng of peopl c . - 
l r  ce1.7el~pir~g cbJritr:es jr: suc-h 
. . ... LA!,c:plir:c,z 0 : .  a r e  icqzircd : ~ i  

pl anninq snd irnplen~i.ntat ion oi 
public and yrjvste dev~lopi~~cnt 
activities. 

( 5 )  : l G 6 ;  I::<.;\ c:f 198[1, :;PC. 

304) for ennrgy, ["jvirtc- 
voluntary orydnizations; and 
selected development activities; 
if so,  extent to which actlvity 
is: (i) (a) concerned with data 
collection and analysis, the 
training of skilled personnel, 
research on and development of 
suitable energy sources, and 
pilot projects to test of 
suitable energy sources, and 
pilot projects to test new 
n,cthrAs of er~ergy product ion; (t) 
facilitative of geological and 
geophysical survey work to locate 
potential oil, natural gas, and 
coal reserves and to encourage 
exploration for 
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potentla1 oil, natural yaL, and 
cc,al reserves; and ( c )  a 
cooperative prcqram in energy 
production and conservation 
through research and d~velopment 
and use of small scale, 
dt.cer~t ral lzed rent.-ntle crit-rgy 
soutcer for riirdl -reas; 

(i i )  tecjrnical ccmperatlon and 
cjc.v~~lc~;.::~c~rit , cs:.~>t.r-1al ly b61 t t ~  U. 5. 
1 1 l','):t4: ~:rlfl \l~,l~~fltdrj' 0 1  :l.,i,.brdt~l 

;Irli: i n t t . ~  r i z ~ t  l~illal ; i t  Lsr !c+: . . n t .  
d::?or;izat~orrs; 

(1;:) r~s6:&rc!, lrlto, dfid 
e ' ~ ~ l ~ 3 t  loll of , ecorll~ni iC 
devr.li:~;;n~t-fit kt: ace:.: drrd 
t :-c!.n i Gkles ; 

(v) i o ~  spt.cla! ..~?v*;lo;.~~c.~~t 
:,ro!;lr::,rj, ~ n d  to C I , L ~ ~ C *  ; : I  Oj ,eI  

uti1iz"tlon of ccrlicr E . 5 .  
'~nfrastructure, erc., assistance; 

(vl) fc~r programs o f  u ~ l ~ a r ,  
ocvelopnt:nt, cc~wcial l y  sn1~11l 
labor-intensive errter &#rises, 
marketing systens, and flnbncial 
or ocher institutiorls to help 
urban poor participate in 
economic and social developnlent . 
c. (1071 is apprepriatc effort 
placr on use of applopriate 
technology? (rrlatlvely smaller, 
cost-saving, labor using 
technologies that are generally 
most '~ppropriate for the small 
farms, small busir~esses, dr,d 
small incomes of the !mr. ) 
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d. FAASec. 110(a). Kill tire 
recipient country provide at 
least 258 of the costs of the 
program, project, or activity 
with respect to which the 
assistance is to be furnifit~~d (or 
has latter cost-sharing 
requirement been valved for a 
"relatively least developed" 
country)? 

e. F I L ~  Sec. llO(b). K11l yranL 
. -- - - . - - - - - - . - - .. - 

capital zssistance te disbursed 
f ~ r  project over more t t ~ a r ,  3 
YIi'irS? I f  SO, h65 JlJSt~fl~atlOIi 
sotisf actory to Co:~gr  ess Leer) 
rraee, and efforts for c t i l t . r  
financing, or is tire I ecli)it n t  
ccl~ntry "rt.latively l ~ ~ c : : . t  
di,ve1o;.,.n"? 

f . I'Ak Sec .  781 ( b )  . L)eaScr ID*. - - - - . - - - .- 
extent to whlcr, prcyr ars 
recyr:lzes the part~culhr rlcc~i:., 
dccirei, ~ n d  c - a i ~ a r i  t lcs of :I,!. 

pitc;lle o f  the country: util I z t s  
the country's intellectual 
resources to encourage 
institutional development; and 
sup;mrt.s civil education and 
training in shills required for 
effective participation in 
governmental processes essential 
to self -government. 

g. FAA Sec. 122 (b) . Lmes the 
activity give reasonable proniise 
of contributing to ttir 
developn~ent of economic 
resources, or to the increase of 
productive capacities and 
self-sustaining economic growttr? 
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C r i t e r i a  (Loans Orhlv) 

a.  FWI Sec. 1 2 2 ( b ) .  - -----.-- 
Inf OI ~ , a t -  ion  and c c ~ n c l  uc i o n  on 
c i p a c i t y  ~f t tAr c o u n t r y  t o  r e p y  
the lo;lnp a t  a r ~ , : ~ ; u r ~ a l , l e  rhtr. of 
i n t e r e s t .  

b. i-'F.+ 5 r c .  620 f d )  . I! . -. - . - - . - - . . . . . - . - - 
asclr,:nrj:c- is :or drly 1 . r ~ - : ! , ~ c t i v e  
1-1.: A ; I , - :  ...P w h i c h  v l l l  c<).r;>:ete 
u;-,b, l : .S .  f . i t t e r p r  jr:cr;, 1s t !I*.-re 
. t ! i t  by t .  r r .c l i~lc ' l l t  
cc,..n:ry ! c )  ; ) 1 t . ~ c , ; 1 1  t .x l l ; , r t  t o  ttit- 
1I.S. c)f ::,(.)I L t'i i lf .  20k 0 1  t ht. 
er:tc:rp: i s t  'r, d r ~ r ~ u a l  {,I c.,(i,~c-t i o n  
dur lng t ! ~ v  :if c oi t t , ~  : c ) ~ n ?  

a .  ).?.A '*~c.  531 ( a ] .  K i l  i tt,lr 
-. . . - .~ - .. - . .. ~t w i l l  c o n t r i b u t e  t o  economic 

3 5 > 1 ~ : . ~ 3 ~ ~ c # -  1,: i t ~ ~ ~ t ~ :  t ~: , . . : IL, : .  ,c C J :  a n d  p o l i t i c a l  s t a b i l i t y  and 
o l i l  I "'0 :!le r e f l e c t s  s e c t i o n  102 p o l i c y  
cx:en: p o s s i i . l e ,  dc :c r s  i t  1ef.1.ect d i r e c t i o n s .  
ttic po1ic:y d l r e c t l o r r s  c.11 F k A  
S e c t i o n  1G27 

b. F k S e c .  5 3 1 ( c ) .  K i l l  
-----. 

assistance under t r l i s  cf iapter  be No. 
used f o ~  military, or 
p a r a n i l l t a r y  activitirs? 
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5C(3 )  - STANDARD ITD! CHECKLlST 

Listed below are tire statutory items which normally v i l l  ke covered 
ir..l;tii~ely in those previsions of a:l assistdrlce agreemerit dealinq with ~ t s  
lr::.zlenren;at ion, or covered in ttre agreement t)' inpslng 1 i m i  ts on cer: air1 
uses of fcnds. 

T:I-; e itcms E r e  er rd:tqcAd r~ndcr t:lr. qc.r~c.rdl tdc,ad~fl,~c b! ( A j  PI ocar *.n+rBrlt , 
( ! j j  Corlstruction, tnd (C) Ott~cr I c ~ = r . ' . r l c t l ~ r l s .  

1. FAA Sec. 6 0 2 .  Are ttherc - -- -- - - . -- 
arrarryenl;.nts to prrnli t U.S. srnall 
~ucin'ss to participate cq~itably 
in the furnishing of conn;oditics 
and services financed? 

2. FAA Sec. 6 0 4 ( 3 .  Hill all 
procurenrent be from the U.S. 
except ar. ottlerwise determined by 
the President or under delegation 
from him? 

3 .  FAA S e c .  604 (d) . If the 
cooperating country discriminates 
against U.S. marine insurance 
companies, will commodities be 
insured in the United States 
against marine risk with a 
company or companies authorized 
to do a marlne insurance business 
in the U.S.? 

4 .  FAA Sec. 6C4(e ) ;  ISLXA of 1980 ---- - 
Set. 7 0 5 ( a ) .  If offshore 
procurement of agricultural 
commodity or product is to be 
financed, is there provision 

Yes 

Yes 

N.A. 
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against such procurement wt~en the 
domestic prlce of such commodity 
is less than parity? (Exception 
where commodity financed could 
not reasonably be prt~ured in 
U.S.) 

5 .  FAA Sec. . -. . . .- 603. - Is the s!~lppir,y 
excluded from compli~nce w l t h  
rrqili renhent in sect lon 901 (b) of 
t.l:r tlerct~a!lt Pnrir.r_. I~ct of 1936,  
as ~ n , l ~ , : i r - d ,  t i ,  -:t at lc-sst 53  per 
c,:r~tun. 01 the c j ~ o ~ s  tunn~iye of 
cc;:r~-iidi t i ~ s  (co;r~;,ut t-d sc;  aratrly 
f o r  ?rjm bulk carriers, dry cdrqc' 
i 1%-: :,, ond tankers) 1 irl;lrlcrd 
s!dsl? tc. transprted on pr ivhtf.1~ 
o*'fi*r-3 U . 5 - f l a g  cormercial vessels 
to :!.? cx:i.rit that such vt,r:scls 
zrt -:::si:ii,lt. a t  f a l t .  

r e a ? o n ~ ~ n l r  rates? 

. fk;r  S-c. 621. If technical - -- - . . - - . - - 
a c s i s :  jnce is f ir~ertsfi a, to tt~e 
f u : l ~ - ~ t  r.)itt.~~t pfa~tjr~~t!t. wlll 
such asslstarbce, g r f - 6 s  and 
professional and ottler services 
be furnished from private 
enterprise on a corrtrjct Lrtsi!,? 
If the facilities ot otl~t?r 
Frder a1 agencies. wi 11 be 
utilized, are they partjcularly 
suitable, not competitive with 
private enterprise, and made 
available without undue 
interference with domestic 
progrexs;' 

7. International Air Tcansbort. 
Fair Consitive Practices ~ c t ,  ---- -- --- 
1974. If air transportation of --- - 
persons or property is financed 
on grant basis, will provjsic~~s bt. 
made that u.S. carriers will be 
utilized to the extent such 
service is available? 

Yes 

NASA Lewis Research Center will 
be utilized in a project rcanagement 
mode, however, their technical 
assistance can be made available 
without undue interference with 
domestic programs. The overwhelming 
majority of project activities will - 
be furnished by private enterprise 
on a contract basis. 

BEST AVAILABLE COPY 



8. Continuing Resolution Sec. 505. ---- 
~f the U.S. Governnlent IS a party Yes 
to a contract for procurement, 
does the contract contain a 
provision authorizing termination 
of such contract fo r  the 
convenience of the United States? 

1. I ' A A  Sec.  6lli id). If cd;lltal 
-. - - - - -  - N.A. 
( e . g . ,  cor~struction) f1rc,]c-ct, are 
e:iq ir,r:t r ing and 11rc.f c-ss ional 
servicrs c,f U.S. f  ir:rts a r ~ d  t h e i r  
aifiliates to be used to tlie 
n,axir,drr, extent conslstctnt with 
the national interests? 

2. F?& Sec.  611(c). I f  contracts - .- .- - -- - - .. . . .- - 
i ~ i  cor1strI1ctlnn are to be 
financed, will they be lct on a 
cornpctitive basis to maximum 
extent practicable? 

:'I,?. Scc .  L : i ; ( k ) .  I f  f b r  3 - -- --.- 

cucstrucr lc~n of productive 
enterprise, will bjgregate value 
of assistance to be furniehed by 
the U.S. not exceed $100 million? 

C. Other Restrictions . 
1. -- FAA Sec. 122(bL. If developnient 

loan, is interest rate at least 
2b per annum aur~ng grace period 
and at least 3% per annum 
theleaf ter? 

2. F M  Sec. 301(d). I f  fund is 
established solely by U.S.  
contributions and administered by 
an international organization, 
does Comptroller General have 
audit rights? 

N.A. 

N.A. 

N.A. 

N.A. 
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3.  FAP. S c . c .  6 2 0 ( r 1 ) .  m a r r a n g e n i e n t s  Yea --- 
r x l s t  t c  i n ~ u r e  t h a t  U n i t e d  
S t a t e s  f o r e i g n  a i d  is n o t  u s e d  i n  
a.anner w l ~ l c l ~ ,  c o n t r a r y  t o  t i l t  

t e s t  i r t t e r e s t s  o f  t h e  U n i t e d  
S t ~ t ~ r ; ,  prcma! c-s o r  as51 s t s  t trr 
f o r e i g n  a i d  p r o j t - c t s  o r  

4 .  C1>.1t 1 FZL 1 r ) a  ! , f a : 3 L ~ l  u t  1c3r1 % ~ - c .  !,i 4 .  . - . . . . . - . . . . . - - .- 
? I  j.,.:!. l C l l . ! r ! t S  V l l l  &Je t.1d1llt.d 
1:. I : . r .  I ' r l  1 t r . d  !I: i a  t t b s  W I  t tl f ut~cl:: 
I . '  ! i L . 3 t f . d  in FY 15'81, tr3S I t  L~c.cn 

( 7 6 - t  . - I  r.  lig*:(i pi t b l e r  ( a )  t t , a t  s ~ l c r ~  
r . ; i r  ~ ~ C ~ J ~ ~ I I L : .  w i  11 LC' : . r , l e c ~ c n  
ot : , t . r  vl::rS tit;;n by t t ~ c , l r  ttGn~r. 
s o k e r n r r ~ c r , t s ,  o r  (b) t l l a t  a t  I C ~ T , ~  
1;:i ,j' " , &  ....- i - Y  i Q b 1  l l f c . , i l  yt.ti1': 

! L 1 i . j ~  d i J k . i  c'pi :a t  c . 6  f u r  
p e n  :u;).~::t t r . 3 i n i n y  v i l l  l f e  
F A :  t i c i p a n t s  s o j f - c t e u  o t j ~ ~ r u i s c  
ttrarr i-.). 1 r l t  l r  ttr\..:c g i ~ t  I : ~ n  c,r : t  2 

a .  FJ.k .';PC. 1 0 4 ( f ) .  T o  p a y  f o r  - -  - -  -- 
I;,?: f o r n . o r ~ c e  of a t ~ o r  t i o n s  a s  a Yes 
rnt~tttc,a of f a r ~ t i l y  p l a n n i n g  01 t o ,  
n 6 t  lv:-r c o r  c o v l c e  iler sons t o  
p r a c t i c e  a b o r t  ion:;; to pay f o r  
p e r  f o r n , a r ~ c e  o f  i n v o l ~ ~ n t a r y  
s t e r ~ l i z a t i o n  a s  a m e t h o d  of 
f ~ s i l y  p l a n n i n g ,  o r  t o  c o e r c e  o r  
prcbvidr f i n a n c i a l  i n c e n t i v e  t o  
ar:y pr:r s o n  tc: u r l d e ~  g o  
steril l z a t i o r ~ ?  

Yes 

b. F h A S e c .  6 2 0 ( g ) .  To --- 
c o n t p e n s a t e  o w n e r s  f o r  
e x p l o p r i a t e d  n a t i o n a l i z e d  
pr0J ' r . r  t y ?  

Yes 
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c .  TAI( Sec. 66b. To provide 
training or advice or provide any 
financial support for the police, 
prisons, or other law enforcement 
forces, except for narcotics 
proy rams? 

FP3\ Sec. 662. For Clk d. - . - -  

activities? 

e. -- FAASpc. - - - t36(1). --- jur 
purct~dse, sale, lonq-l cra I ~.as@, 
exchange ox quardrlty of the. sdlc 
of motor vehicles manufactured 
outslde U.S., unles a waiver 1s 
obtained. 

f . Continuirra Resolut lon Sec. 
504. To pay pensions, annuities - 
retirerttent pap, or adjusted 
service compensation for military 
per sonrtel? 

g. Continuing Resolution Src. 
----a- 

506. n> pay U.S. sssessn~ents, .- 
artearages or dues. 

h. Continuing Resolution Sec. 
507. To carry out provisions of - 
FAA 'section 209 (d) (Transfer of 
FAA funds to mLltilater al 
organizations for lending.) 

i. Continuing Resolution Sec. 
509. To finance the export of - 
nuclear equipment fuel, or 
technology or to train foreign 
nationals in nuclear fields? 

j. Continuing Resolution Scc. 
510. For the purpose of aiding - 
the efforts of the government of 
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S U C ~ I  c o u n t r y  t o  r e p r e s s  tile 
l c g i t i c i a t e  rights of t h e  
p o p i t l a t i o n  of s u c t ~  c o u r ~ t r y  
c o n t r a r y  to t h e  U n i v e r s a l  
Doclaration of Human J i i y h t s ?  

k .  C f ~ r r t  i n u i r l q  Rt.:3ulu t i p n  Svc. 
- - - . _ . . . .* . . . - -. - _ . . . . __ 

51 6. For ~ ~ u l r l  lcl t y  or pr cbicjqarw20 - -- 
i l ~ : ~ ~ j ! . c l ;  w j ! t ; l n  U . S .  n o t  
ad :  i L I - d  ~y C o ~ l c j r r s s ?  
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,CI ; A  4' 

tjr4- . i + - A  % l ~ r  er,ergy ar:d heat r ecove ry  f o r  Foui t ryv  

I I A l / l / \  I d  IJp~ 

-.. 
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ANNEX K 

( U n o f f i c i a l  T r a n s l a t i o n )  

With r e f e r e n c e  t o  t h e  l e t t e r  d a t c d  F e b r u a r y  3 ,  1982 ,  c o n c e r n i n g  t h e  f i n a l  
acjreemcnt  w i t h  USATD f u r  i.rnplc,lncntation of t h e  p r o j e c t  S o l a r  Energy  a n d  
H e a t  Recovery f o r  P o u l t r y  P r o c e s s i n g  P l a n t  a n d  t h e  H e l i o p o l i s  
S i a u g ) ~ t e r h o u s e  t h a t  was hnld a m o r ~ g s t  p r o j e c t s  a g r e e d  upon a n d  w i t h  
r-t?fi?l-ence t o  t h e  : ; i t ! , s t  i n g  t h a t  took p l a c e  i n  y o u r  o f f i c e  a n d  u n d e r  y o u r  
1 r . a d e r s h i p  on  Fc!,:-:I , : -y 1, 1982 ,  a n d  t h d t  was a t t e n d e d  by Dr. Z z z a t  Abd E l  

'i.lrnid a n d  Eny'Lnec- :.a;.;:d A 1  F ; ~ ~ ; T I  f o r  t h e  Chi.ckcn I n d u s t r y .  

A n d  b s s e d  lipox t h ?  7 . c s o c i a t i o ? ' s  r e q u f s t ,  i t  g i v e s  me p l e a s u r e  t o  i n f o r m  
-%-ou tlia: D r .  5 z a t  25ci E l  t i a m i d ,  G e n e r a l  Manager o f  S l a u g h t e r  Houses ,  h a s  
:.?nn a p p o i n t e d  t h e  r e p r e s e n t a t . i v e  o f  t h e  G e n e r a l  P o u l t r y  Company i n  t h a t  
which c o n c e r n s  t h i s  p r o j e c t .  
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ANNEX L 
( U n o f f i c i a l  T r a n s l a t i o n )  

E x c e r p t s  from a  Report  P r e s e n t e d  t o  t h e  
M i n i s t e r i a l  Committee f o r  P roduc t ion  

Concerning t h e  M i n i s t r y  o f  E l e c t r i c i t y  and Energy A c t i v i t i e s  
i n  t h e  F i e l d  o f  New and Renewable Energy 

Following i s  a  submiss ion  o f  agreements  made by t h e  M i n i s t r y ,  t h e  
g o v e r n o r a t e s  and t h e  d i f f e r e n t  f o r e i g n  o r g a n i z a t i o n s :  

1. mench-Egypt ian  Agreement: ---- 
T h i s  agreement  was s i g n e d  f o r  t h e  f i r s t  t i rne d u r i n g  1977. 

\ 
7 t 

i n c l u d e d  t h e  f o l l o w i n g  p r o j e c t s  t h a t  !-i,ive 2-wc.n i!np1ene1>ted dur i : ,g  
1981. 

A. The c o n s t r u c t i o n  of a n  I n f o r m a t i o n  and Documentation Cen te r  -- 
r e l a t e d  t o  renewable e n e r s v :  

I n p o r t e d  e q x i p n e n t  f o r  t h e  Documentation C ~ t n t e r  and  t h e  11S1-ary 

have a r r i v e d  and t h e  Center  w i l l  be s u p p l i e d  w i t h  more t h e n  300  
books i n  t h e  f i e l d ,  i n  a d d i t i o n  t o  3 3  s c i e n t i f i c  c i r c u l a r s  
r e c e i v e d  r e g u l a r l y  by t h e  Cen te r .  The M i n i s t r y  w i l l  g u a r a n t e e  
r e c e i p t  o f  new p u b l i c a t i o n s  i n  t h e  f i e l d  s o  t h a t  r e s e a r c h e r s  and 
s t u d e n t s  might  e a s i l y  find t h e  nccr:ssary h n o k s .  

B. The c o n s t r u c t i o n  o f  e s s e n t i a l  - network f o r  s o l a r  energy:  

C o n s t r u c t i o n  and o p e r a t i o n  o f  a n  i m p o r t a n t  s o l a r  measurement 
s t a t i o n  t o o k  p l a c e  n e a r  t h e  Pyramids,  i n  a d d i t i o n  t o  s i x  mobi le  
s t a t i o n s  f o r  s o l a r  measurements. The M i n i s t r y  changes  t h e  
l o c a t i o n s  y e a r l y  t o  g e t  t h e  n e c e s s a r y  d a t a  e a s i l y  on t h e  
Republic-wide l e v e l .  

These s t a t i o n s  have  been working f o r  more t h a n  1 8  months and  t h e  
r e s u l t s  t h a t  were o b t a i n e d  a r e  b e i n g  a n a l y z e d  t o  f i x  t h e  s o l a r  
map o f  the A.R.E. s o  t h a t  d i f f e r e n t  p r o j e c t s  can  be e a s i l y  
e v a l u a t e d .  

C. The c o n s t r u c t i o n  o f  an  examina t ion  and measurement l a b  f o r  t h e  
d i f f e r e n t  solar qroups  : 

- T h i s  lab h a s  been formed and  a number' o f  t h e  s o l a r  s t a t i o n s  have  
been chosen s i n c e  November 1979.  his k i n d  o f  l a b  m e e t s  t h e  
e s s e n t i a l  need of t h e  e v a l u a t i o n  o f  l o c a l  p r o d u c t i o n  o f  s o l a r  
systems.  

. , -  
1 3 '  ., I ._ 

-. 
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- Manufac tu re  o f  a n  e x p e r i m e n t a l  a p p a r a t u s  h a s  t a k e n  p l a c e  f o r  
e x a m i n a t i o n  and  e v a l u a t i o n  of n i g h t  c o o l i n g  f o r  t h e  s o l a r  
s y s t e m s  and  making u s e  of  t h a t  i n  t h e  c o o l i n g  f i e l d .  

D. I m p o r t a t i o n  a n d  p l a c e m e n t  o f  a  number o f  d i f f e r e n t  s o l a r  h e a t e r s :  ---- --------- - 
T h i s  p ro j s - c t  i c u s  l o c a t i n g  a n d  o p e r a t i o n  o f  t h e  f o l l o w i n g  
h e a t e r s :  

- A h e a t e r  w i t h  a  c a p a c i t y  of  150 l i t r e s / d a y  a n d  a  h e a t e r  w i t h  a  
c a p a c i t y  o f  1500 l i t r e s / d a y  i n  t h e  Wafaa Wal Amal c i t y .  

- A h.>7r_*-r  w i t h  a c a p i r c i t y  of 5000 l i t r e s / d a y  o f  h o t  w a t e r  f o r  r h e  
cnh=i1t 1 ) l l i  ' ( 1 ;  n g  i n  t h e  Ar~rlad Forces Hospital i n  l i aad i .  

# 

A s t u d y  a n d  c o n s t r u c t i o n  o f  a  d e s a l i n a t i o n  s t a t i o n  w i t h  a  
p r o d n c t i v i t y  o f  (60rn3/day) o f  w a t e r  work ing  w i t h  s o l a r  e n e r g y  
o t  t?le Misr  P i ~ o s ~ h a t e  Co:npiny a t  Iiumra:<ein on t h e  Red Sea t ook  
p l a c e  a t  t n e  end of 1981.  

F. The s o l a r  r e f r i g e r a t o r  p r o j e c t  on t h e  High Dam Lake: 

The appl i c a t i - o n  procj?.am o f  t h e  Egypt i an -F rench  ag reemen t  i n  t h e  
f i o l d  of ~-~:r i~twdhl  c c:rieryy i n c l n d c s  t h e  cmns t l -uc t i nn  o f  a  c o o l i n g  
a n d  f r e e z i n g  f a c i l i t y  w i t h  a c a p a c i t y  o f  1 0  k i l o w a t t s  a n d  a 
f r e e z i n g  c a p a c i t y  of  14  t o n s  o n  t h e  High Dam Lake for f r e e z i n g  
f i s h  u n t i l  it i s  t r a n s p o r t e d .  I n  a d d i t i o n ,  t h e  p r o j e c t ,  which 
h a s  been  comple t ed ,  i n c l u d e s  t h e  c a p a b i l i t y  of i r r i g a t i n g  and  
c u l t i v a t i n g  t h e  s u r r o u n d i n g  a r e a .  

G. I n  t h e  f i e l d  o f  t r a i n i n g  a n d  s p r e a d i n g  awarenes s :  

S c i e n t i f i c  a n d  t e c h n i c a l  t r a i n i n g  for E g y p t i a n  e n g i n e e r s  i n  t h e  
f i e l d  o f  s o l a r  e n e r g y  w i l l  t a k e  p l a c e  i n  F r a n c e ,  e s p e c i a l l y  i n  
the e x p e r i m e n t a l  s t a t i o n s  p r e v i o u s l y  c i t e d .  

The e d u c a t i o n a l  t o u r  t o o k  p l a c e  f o r  t h e  b a s i c s  o f  s o l a r  e n e r g y  
w i t h  t h e  c o o p e r a t i o n  o f  s c i e n t i s t s  i n  t h e  t w o  c o u n t r i e s .  The 
Egyp t i an -F rench  s o l a r  week t o o k  p l a c e  d u r i n g  March-Apri l  1980,  
i n c l u d i n g  a s c i e n t i f i c  s e m i n a r  a n d  a  s o l a r  e n e r g y  equ ipmen t  f a i r  
i n  France .  

H. I n  t h e  f i e l d  o f  m a n u f a c t u r i n g  s o l a r  e n e r g y  equipment :  

I n  a d d i t i o n  t o  the previous p r o j e c t s ,  as  a r e s u l t  of F r e n c h  
c o o p e r a t i o n  i n  t h i s  f i e l d ,  a n d  b e c a u s e  the M i n i s t r y  o f  
E l e c t r i c i t y  a n d  Energy d e s i r e s  t o  m a n u f a c t u r e  the s o l a r  e n e r g y  
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equipment  i n  Egypt ,  d u r i n g  1981 a n  agrr , -ment  was s i g n e d  f o r  t h e  
c o n s t r u c t i o n  of t h e  French-Egyptian Company f o r  N e w  Energy  (RITCO) 
between t h e  French  S o f r e t e s  Company and  t h e  Nasr  Company f o r  T r a n s f o r m e r  
Manufac ture  (ALMACO) under  t h e  M i n i s t r y .  The s o l a r  h e a t e r s  w i l l  be 
c o l l e c t e d  i n  t h e  company d u r i n g  t h e  y e a r  1982 and  t h e  f a c t o r y  is t o  be 
comple ted  a t  t h e  b e g i n n i n g  of 1983. 

The Egyptian-French Agreernnnt_- in  t h e  F i e l d  of Renewable Energy - ------ 
(November 1 9 8 1 ) :  - ---- 

The Egypt ian-French  Agreement f o r  Renewable Energy was shcjned i n  
C a i r o d u r i n g  t h e  n o r ~ t h  o f  November 1981. I t  i n c l u d e d  s , - e  
a ; > p l i c a t i o n p r o j e c t s  i n  a d d i t i o n  t o  s u p p o r t  of s c i e n t i f i c  - - d  
t e c h n i c a l  c o o p e r a t i o n  between t h e  two c o l ~ n t e r p a r t s  and  t ~ e  
c o n t i n u a t i o n  of t h e  f i e l d s  of c o o p e r a t i o n  t o  i n c l u d e  o t h e r  r e s o u r c e s  
of renewable  e n e r g y  l i k e  wind e n e r g y ,  b iomass  a n d  geo the rma l .  
Fol lowing  i s  a b r i e f  summary of t h e  components of  t h i s  agreement :  

I n  t h e  f i e l d  of s o l r ~ r  encryx:  . -- -- ---- 
1. J o i n t  s e m i n a r s  f o r  development took  p l a c e  i n  t h e  p e r i o d  of 19-21 

December 1981. 

Another  two semina r s  w i l l  t a k e  p l a c e  d u r i n g  1982,  one i s  i n  t h e  
f i e l d  o f  s o l a r  b u i l d i n g ,  t h e  o t h e r  i s  i n  t h e  f i e l d  of 
development  of t h e  s u b s t a n c e s  u s e d  f o r  new e n e r g y  equipment .  

2. I m p o r t a t i o n  of one  of t h e  s o l a r  c e n t e r s  w i t h  e q u i v a l e n t  c i r c u l a r  
c u t  t o  b e  chosen  f o r  Egypt ian  c i r c u m s t a n c e s  w l t h  t h e  c o o p e r a t i o n  
of t h e  F rench  c o u n t e r p a r t  and  t h e  M i n i s t r y  o f  E l e c t r i c i t y  a n d  
C a i r o  U n i v e r s i t y .  It i s  e x p e c t e d  t h a t  t h i s  k i n d  would be 
s u i t a b l e  f o r  t h e  u s e s  of i n d u s t r i a l  h e a t i n g  a t  h i g h  t e m p e r a t u r e s .  

3. A d e s a l i n a t i o n  p r o j e c t  i n  t h e  Red Sea working  w i t h  combined 
solar a n d  wind energy .  

4. A s t u d y  of  a solar sys t em t o  p r o v i d e  one  of t h e  t e x t i l e  
f a c t o r i e s  w i t h  i n d u s t r i a l  h e a t i n g  n e e d s  by means of  solar ene rgy .  

5. C o o p e r a t i o n  w i t h  t h e  N a t i o n a l  Research  C e n t e r  i n  t h e  f i e l d  o f  
s t u d y  o f  t h e  new p h o t o v o l t a i c  cells a n d  means of a p p l y i n g  it. 

6. I m p o r t a t i o n ,  p lacement  and examina t ion  of a low-head i r r i g a t i o n  
pump work ing  w i t h  p h o t o v o l t a i c  cells. 

7. S u p p l y i n g  Elwan v i l l a g e  i n  A s s l u t  w i t h  i ts  d i f f e r e n t  needs ,  
u t i l i z i n g  solar ene rgy  w i t h  t h e  c o o p e r a t i o n  of t h e  M i n i s t r y  of 
E l e c t r i c i t y ,  A s s i u t  U n i v e r a i t y  a n d  t h e  French  c o u n t e r p a r t .  
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8. C o o p e r a t i o n  b e t w e e n  t h e  A g r i c u l t u r e  R e s e a r c h  C e n t e r  a n d  t h e  
F r e n c h  R e s e a r c h  C e n t e r  i n  t h e  f i e 1 . d  o f  b i o m a s s  t o  p r o d u c e  b i o g a s  
a n d  irnpact u j w r ~  t krr: u r b a n  waatr !  p roh lc rn .  

9. A s t u d y  o f  t h e  d o m e s t i c  h e a t e r  rnodels  t h a t  w e r e  e x a m i n e d  i n  
F r a n c e  a n d  s e l e c t i o n  of 3 s u i t a b l e  n o d c l s  f o r  E g y p t i a n  
c i r c u n s t a n c c s ,  b u i l d i n g  j t  i n  o n e  o f  t h e  new s e t t l e m e n t s  i n  
o r d e r  t o  s e l e c t  the h?st orle. 

!@. Ttle r c i c ~ p c ~ , i t i c > n  of P r r t r c o  i n  f i ~ c i y  3 i n  t n g  t h e  
r-t?uipaent ~-r . ldi -cd t o  t ? ~  E q y l ) t i a n  Rcr~;;;ahle Er;i.layy Dt.vel(3p,p.cnt 
O r g a n i z a t i o n .  

31. T r a i - n i n g  r ' , : .> t i sn  c-nglnC?r:-s find t cc11n ic :ans  I n  a l l  f i e l d s  o f  
i r ; , p l e : ; t cn ta t ion  o f  t h e  prev:oas projec ts .  

2 .  Eqyp t i an -German  Agreement :  - - -- - - 

' 3 i s  a q r e e n c n t  w a s  s i g n e d  a t  t h e  e n d  of 1 9 7 8 ,  i n c l u d i n g  t h e  f o l l o w i n g  
. . 

1 , :  i;?tfc'_s: 

A .  I n  t h e  f i c l d  of r l r > c t r i c i t y  pt-017!1ction by u s i n g  p h o t o v o l t a i c  
c-rx 1 1 :: : 

The agree i c a n t  i nclur3r~d I he i rnl'ol t a t  ~ r ~ n  ~ n d  p1ac1.11errt o f  t e n  
s o l a r  s t a t i o n s  w o r k i n g  w i t h  p h o t o v o l t a i c  c e l l s  f o r  o p e r a t i o n  o f  
d i f f e r e n t  e q u i p m e n t .  A  number o f  t h e m  h a v e  b e e n  f i n a l i z e d ,  t h e  
rest a r e  e x p e c t e d  t o  b e  f i n i s h e d  d u r i n g  1 9 8 2 .  T h e s e  a r e :  

1. A  n a v a l  w a r n i n g  a p p a r a t u s  p l a c e d  o n  t h e  High  Dam l a k e  w h i c h  
h a s  b e e n  s u c c e s s f u l l y  w o r k i n g  s i n c e  t h e  s t a r t  of 1980 .  

2.  A  s y s t e m  fo r  the m i c r o p h o n e s  of M i t  A b o u l  Kom mosque h a s  
b e e n  w o r k i n g  s i n c e  A u g u s t  1979. 

3 .  A r e f r i g e r a t o r  ( 2  KW) for k e e p i n g  m e d i c i n e  h a s  b e e n  p l a c e d  
i n  t h e  H e a l t h  U n i t  i n  M i t  A b o u l  Kom v i l l a g e .  

4.  A  p h o t o v o l t a i c  s t a t i o n  for s u p p l y i n g  e lectr ical  b a t t e r i e s  
f o r  c u l t i v a t o r s  a n d  i n s e c t i c i d e  a n d  i r r i g a t i o n  e q u i p m e n t  
h a s  b e e n  w o r k i n g  i n  t h e  i r r i g a t i o n  d e v e l o p m e n t  project i n  
M a n s o u r a  s i n c e  March 1 9 8 1 .  

5. S o l a r  pump for i r r i g a t i n g  t h e  c u l t i v a t e d  l a n d s  ( 2  KW) was 
i n s t a l l e d  d u r i n g  December ,  1981 a n d  e x p e r i m e n t s  are b e i n g  
d o n e  now. 
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6. A complete sys tem c o n t a i n i n g  t h r e e  s t a t i o n s  f o r  waxer 
d e s a l i n a t i o n  f o r  producing water  from a p o t a b l e  w e l l  f o r  
t h e  u s e  o f  t h e  workers i n  t h e  l a b  w i l l  be  implemented under 
the a u s p i c e s  o f  t h e  M i n i s t r y  of  E l e c t r i c i t y .  

7. U n i t s  f o r  c o l o r e d  t e l e v i s i o n  s e t s .  

B. Examining t h e  s o l a r  sys t ems :  

I m p o r t a t i o n  o f  a s t a t i o n  f o r  cornparison of t h e  s o l a r  systems, t o  
e v a l u a t e  t h e i r  r o l e .  

C. p lanning h i~ tw~?en  t h e  Egyptian and Gcr,nan c o u n t e r p a r t s  t o  
f ina1 i r . e  t ? ~ e  s t u d y  of  t h e  c a p a b i l i t y  of  u s i r ~ g  r c r~ewab le  energy 
r e s o u r c e s  i n  E l  Owainat South of t h e  Va l l ey .  

D. In  t h e  f i e l d  of  t r a i n i n g  and s p r e a d i n g  awareness:  -- 
The Egyptian-German seminar f o r  s o l a r  ene rgy  took  p l a c e  i n  
Janua ry  1981. 

3. Coopera t ion  w i t h  t h e  Uni ted  S t a t e s  of  America: 

The M i n i s t r y  of  E l e c t r i c i t y  i n  t h e  l a s t  few y e a r s  h a s  comple ted  some 
s t u d i z s  i n  t h e  f i e l d  o f  new and renewable energy wi th  t h e  c o o p e r a t i o n  
o f  s c i e n t i f i c  o r g a n i z a t i o n s  i n  t h e  U.S.A. The c o o p e r a t i o n  agreement 
between t h e  M i n i s t r y  and  USAID i s  expec ted  t o  b e  s i g n e d  d u r i n g  t h e  
f i r s t  q u a r t e r  of  1982 and  w i l l  l as t  5 yea r s .  Fol lowing are t h e  
c o o p e r a t i o n  f i e l d s  w i t h  t h e  U. S.A. : 

A. Assessment o f  Egypt ian  Resources from Wind Energy: - 
The M i n i s t r y  of E l e c t r i c i t y  c o n t r a c t e d  t h e  U n i v e r s i t y  o f  
Oklahoma i n  1978 t o  d o  a n  o v e r a l l  s t u d y  on wind e n e r g y  i n  Egypt 
where a comple te  s u r v e y  was b e i n g  done. A map h a s  been made t o  
make a comple te  image of  t h e  most s u i t a b l e  r e g i o n s  t o  c o n s t r u c t  
wind e n e r g y  p r o j e c t s  on t h e  Northwest  Coas t  and  t h e  Red Sea 
Shore. 

Based on  t h e  r e s u l t s  of  t h e s e  s t u d i e s ,  t h e  c o o p e r a t i o n  p r o j e c t  
w i t h  USAID i n c l u d e s  some p r o j e c t s  f o r  wind ene rgy  i n  b o t h  
r e g i o n s .  
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B. I n  t h e  f i e l d  o f  p roduc inq  e l e c t r i c i t y  t h e r m a l l y :  

The M i n i s t r y  h a s  f i n a l i z e d  a  s t u d y  f o r  t h e  f e a s i b i l i t y  of 

c o n s t r u c t i n g  s o l a r  s t u d i e s  t o  p roduc?  electricity by u s i n g  t h e  

c e n t r a l  complex syt;t.cm w i t h  t!le c t ~ o p e r ~ i t i o n  of  McDullnell 

Douglas.  T h i s  :, udy includes t h r e e  phases :  

Ph.!qe 1 : c o l l r c - t i n g  ,7ata dnc l  se'l(~c-t i n g  p r o j e c t s  acc:c,, i l n g  
- - 

1 L) . j l  L (3.; 11111 I 1 f JIG: j'<.rfr 2000.  

Phase  11: S t u d y i n g  and a n a l y z i n g  t h e  r e s u l t s  and 

s p e c i f y i n g  t h e  s i z e ,  k i n d  and l o c a t i o n  o f  t h e  s t a t i o n s  and 

t h e  irnple 7.c-ntdtion programs,  s p e c i f y i n g  t h e  i n d u s r r i a l  

n e e d s  a n d  manner o f  imp lemen ta t ion .  

Phase 111: An i n d u s t r i a l  s u r v e y  i s  t o  t a k e  p l a c e  t o  l e a r n  
- - - - - - 

tllr* ~ ~ ) : t : r ~ t  i a l  c , f  E q y p t  i an  i ~ l d i l ~ t r i ~ q l  iz i1 t ion  and t h e  s t r l i y  

o f  t h e  main tenance  of  s o l a r  ene rgy  s t a t i o n s  and  t h e  

economic a ims o f  t h e  d i f f e r e n t  p r o j e c t s .  

C. A s t u d y  o f  t h e  e v a l u a t i o n  o f  r enewab le  e n e r g y  r e s o u r c e s  and  t h e  

f i e l d s  o f  u t i l i z a t i o n :  

I n  1979 t h e  M i n i s t r y  and  A I D ,  c o n t r a c t i n g  MITRE, f i n a l i z e d  a n  

o v e r a l l  s t u d y  o f  new and renewable  e n e r g y  r e s o u r c e s  i n  A.R.E., 

i n c l u d i n g  t h e  c u r r e n t  a c t i v i t i e s  and  t h e  l o c a l  c a p a b i l i t i e s .  The 

r e s u l t s  o f  t h e  s t u d y  s p e c i f i e d  s i x  main p r i o r i t y  f i e l d s  i n  A.R.E. 

Coopera t ion  agreement  between t h e  M i n i s t r y  a n d  A I D :  

Based o n  t h e  p r e v i o u s  s t u d y ,  A I D  h a s  s e n t  a l a r g e  g roup  of 

American e x p e r t s  t o  s t u d y  the d e t a i l s  o f  t h e  p o s s i b l e  

c o o p e r a t i o n  between t h e  two c o u n t r i e s  w i t h  t h e  c o o p e r a t i o n  o f  
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t h e  Q a t t a r a  Hydro Renewable Energy A u t h o r i t y  (QHREA) .  The s t u d i e s  w i l l  

r e s u l t  i n  a  c o o p e r a t i o n  agreement which w i l l  i n c l u d e  f o u r  main a s p e c t s .  

Implementa t ion  w i l l  l a s t  f i v e  y e a r s .  

1. T h i r t e e n  expe r imen ta l  p r o j e c t s  i n  t h e  f o l l o w i n g  f i e l d s :  

a .  U t i l i z a t i o n .  of s o l a r  enc rgy  i n  i n t ' l l ~ s t r i a l  b c a t i n g  

o p e r a t i o n s .  

b. Producing e l e c t r i c i t y  by rncans of p h o t ~ ~ v o l t ~ i c  c e l l s .  

c. Use of  wind energy.  

d. Producing e l e c t r i c i t y  by u s i n g  the rma l  s o l a r  s t a t i o n s .  

2 .  T r a i n i n g  of e n g i n e e r s  and t e c h n i c i a n s  i n  d i f f e r e n t  f i e l d s  

r e l a t e d  t o  t h e  p r e v i o u s  p r o j e c t s .  

3. D e t a i l e d  s t u d i e s  and d e s i g n s  r e l a t e d  t o  t h e  implemen ta t ion  

of  t h e s e  p r o j e c t s .  

4. S t u d i e s  of  some p r o j e c t s  which a r e  of  g r e a t  impor tance  t o  

Egypt and which cou ld  be p u t  forward  f o r  c o n s i d e r a t i o n  i n  

t h e  f u t u r e .  

4. Coopera t ion  w i t h  UNDP: 

A s t u d y  of s e v e r a l  p r o j e c t s  f o r  c o o p e r a t i o n  w i t h  UNDP is  t a k i n g  place 

and i n c l u d e s  t h e  fo l lowing :  

S e l e c t i o n  of  Egypt as a l o c a t i o n  for a s o l a r  pump p r o j e c t  

f i n a n c e d  by t h e  World Bank i n  which e i g h t  s o l a r  pumps w i l l  be  

f i x e d  i n  d i f f e r e n t  l o c a t i o n s  i n  Egypt, i n  a d d i t i o n  t o  t h r e e  

p r o j e c t e  f o r  desalination and .  d r y i n q ,  wi th  t v l - a 1  c x ~ c n d i t u r e s  of 

$300,000. 
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5. C o o p e r a t i o n  w i t h  t h e  I t a l i a n  government :  -- 

Four y e a r s  a y o ,  c o o p e r a t i o n  s t a r t e d  w i t h  t h e  I t a l i a n  government  a n d  

c o n c e n t r a t e s  o n  t h e  f o l l o w i n g :  

r,- 1. l n e  I t a l i a n  government  y e a r l y  g i v e s  t r a i n i n g  c o u r s e s  f o r  

- 7 y  .- - - .  a s  n o n i r l a t e d  by t h e  M i n i s t r y  o f  E l e c t r i c i t y  a n d  

- r- . . 3 I. yy s a d  are b e i n g  s e n t  t o  I t a l y  t o  s t u d y  i n  t h e  

T 4 . L b : ! '  . ; - t  i ~ r ~ ~ l  S c h o o l  f S o l d r  Znc ryy  (SOGITA). D a r l r ~ g  

tl~c:.r,e f o u r  y c a r s  t h e  m i n i s t r y  h a s  s e n t  more t h a n  100  

s t u d e n t s  r e p r e s e n t i n g  d i f f e r e n t  u n i v e r s i t i e s  and  

o r  1 I i I i n Grgypt. I n  J,3n11hiry 1 9 8 1  a Mc~norandu~n o f  

I t I signed bet**~,-en I t a l y  a n d  t h e  M i n i s t r y  

which i n c l u d e s  t h e  f o l l o w i n g :  

- Coop( ' r a t  i o n  i n  s t ~ ~ d y i r ~ g  and p l a n n i n g  p r o j e c t s  t o  s u p p l y  

l e rno te  s e t t 1 e : n e n t s  w i t h  t h e i r  e n e r g y  n e e d s .  

- C o o p e r a t i o n  i n  t h e  f i e l d  o f  s o l a r  a r c h i t e c t u r e  by means o f  

s e m i n a r s  a n d  f i e l d  tests.  

- C o o p e r a t i o n  i n  t h e  f i e l d  o f  a p p l y i n g  r e n e w a b l e  e n e r g y  t o  

i n d u s t r i e s .  

- Tile E g y E , t . i a n - I t a l i a n  W e e k  f o r  Rcntlwable Energy. 

- C o o p e r a t i o n  i n  m a n u f a c t u r i n g  solar e n e r g y  e q u i p m e n t .  

The M i n i s t r y  h a s  a s k e d  t h e  I t a l i a n  Embassy a n d  t h e  M i n i s t r y  o f  

Economy t o  s u p p l y  t h e  n e c e s s a r y  f u n d s  f o r  v a r i o u s  projects which  were 

p r e v i o u s l y  a p p r o v e d  u n d e r  t h e  F i n a n c i a l  P r o t o c o l  s i g n e d  by both 

c o u n t e r p a r t s .  
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6. Othe r  a c t i v i t i e s  of  t h e  M i n i s t r y  o f  E l e c t r i ~ i t y  and Energy i n  t h e  

f i e l d  of  r enewab le  ene rgy :  

A. I n  t h e  f i e l d  o f  s o l a r  ene rqy :  

The M i n i s t r y  o f  E l e c t r i c i t y  s u b m i t t e d  a n  F n t e r n a t i o q a l  t e n i e r  

f o r  i m p o r t i n g  1000 s o l a r  wa te r  h e a t e r s  w i t h  v a r i o u s  

q u a l i f i c a t i o n s .  The t e n d e r  was a n a l y  ~ e d  and t h e  h e a t e r s  w e r e  

bnnght f  rnm f i v c  intern:lC Iortal  r n .  T i 1 ~  I4i n ? s t r y  i , , 1 5  

f i n i s h e d  t h e  f o l lowr  rlg: 

1. Making t h e  t e n d e r  a v a i l a b l e  t o  y e t  a c q u a i n t e d  w i t h  t h e  

i n t e r n d t i o n a l  t e c h n o l o g i e s  i n  t h e  f t ~ l d  of h n a t i n q  wa te r  by 

means of s o l a r  ene rgy .  

2 .  T h i r t y - f  i v e  h e a t e r s  were p l a c e d  w i t h  v a r i o u s  q u a l i f i c a t i o n s  

i n  e x p e r i m e n t a l  l o c a t i o n s  i n  A lexandr i a ,  Darnanhour , C a i r o  

and A s s i u t  f o r  do ing  expe r imen t s  i n  t h e  Egyp t i an  

envi ronment .  

3. F i f t y  h e a t e r s  were s p e c i a l l y  p l a c e d ,  w i t h o u t  any f e e s ,  i n  

l o c a t i o n s .  u s e f u l  f o r  t h e  g e n e r a l  n a t i o n a l  i n t e r e s t  l i k e  s c h o o l s ,  

u n i v e r s i t i e s  a n d  h o s p i t a l s .  T h i s  h a s  been done i n  a b o u t  t e n  l o c a t i o n s .  

- These  h e a t e r s  were r e n t e d  t o  c i t i z e n s  f o r  v e r y  l i t t l e  money 

t o  s u p p o r t  t h e  s p r e a d  o f  awareness  w i t h  t h e  b e n e f i t s  o f  

u s i n g  it by means of  companies which a r e  d i s t r i b u t i n g  

e l e c t r i c i t y  i n  C a i r o ,  A l e x a n d r i a  and  e l sewhere .  

- The M i n i s t r y  w i l l  p u t  t h e  measu r ing  q u a l i f i c a t i o n s  f o r  t h e  

s o l a r  h e a t i n g  a p p a r a t u s  under  t h e  s u p e r v i s i o n  o f  t h e  

Supreme C o u n c i l  o f  Renewable Energy w i t h  t h e  c o o p e r a t i o n  o f  

the M i n i s t r y  o f  I n d u s t r y  and O r g a n i z a t i o n  f o r  

S t a n d a r d i z a t i o n .  
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B. I n  t h e  f i e l d  o f  s n r e a d i n a  a w a r e n e s s :  

A commit tee  h a s  been formcd t o  s p r c a d  a w a r e n e s s  be tween  t h e  

p u p i l s  i n  s c l ~ c ~ ~ l  s A S  a 1-cst of t h e  i~~111t:ationa.l d i v i s i o n  of t h e  

Min i s t  y of Edr lca t ion ,  u n i v e r s i t i r ? ~  and t h e  M i n i s t r y  o f  

C1ect.r i c i t y .  T;c~:nc of tlle e t luca t  ion  in: . ;pectors  i n  t h e  M i n i s t r y  

of ~::i\iccr?ic,n , : r d  a  l a r g e  n~lmber  of t r a  i n i  ng d i v i s i o n s  i n  

. .  . 
L : ~ i y i  L C ~ V I - C  : . . a n t  1:n i . r c> in ing  c.r-)~:~-!;es ;ti r : : ad  and Ryy-pt  i n  

17'. . . t h e  f i*: d I..)? a  (:nl:! qy. I : . l inis?.ry 1::. ?rids t o  p lace  a 

narLer of : .olar  h ra t c : : s  i n  s c l . ~ o o l s ,  i n  c lddi t . i r*n t o  t h e  M i n i s t r y  

of E(311cat. i o n  ' s s11pp1.y of a n ~ i ~ n b e r  o f  books  d e a l i n g  w i t h  

rcricB;ii!blc c . r I c . r - r ? i t - r . .  Also, ::ornc of t h e  solar 1 1 f i a t c . r ~  were p l a c e d  

i n  F,?C:I!:: : e s  of r i  r i g  i n  d i f ' f e l -en t  u n l v e r s i t  i e s ,  i n  

a d d i t i o n  t o  t h e  s e m i n a r s  done  by t h e  M i n i s t r y  f o r  t h e  

p r ev ious l y -men t i . oned  p u r p o s e .  

C. I n  t h e  f i e l d  o f  dc?t;ert  s e t t l e m e n t  d e v e a , : n r n t  a n d  r enewab le  - - - - . - . . . . - -. . - -- - . - - - ---.--- 

ene rgy :  

The M i n i s t r y ,  t h e  American U n i v e r s i t y  i n  C a i r o ,  and  t h e  M i n i s t r y  

o f  R e c o n s t r u c t i o n  a r e  c o n s t r u c t i n g  a  new s e t t l e m e n t  o n  200 

f e d d a n s  i n  S a d a t  C i t y  t o  r e p r e s e n t  t h e  f i r s t  e x p e r i m e n t  f o r  t h e  

deve lopment  o f  r enewab le  e n e r g y  r e s o u r c e s  u s e d  i n  t h e  

deve lopment  of t h e  E g y p t i a n  d e s e r t .  The p r o j e c t  c o n t a i n s  t h e  

f o l l o w i n g  example s  f o r  t h e  new d e s e r t  s e t t l e m e n t s  : 

1. T h r e e  f a r m s ,  e a c h  of  t e n  f e d d a n s  o c c u p i e d  by  one  f a m i l y .  

Each Farm h a s  i t s  i n d i v i d u a l  s o u r c e  of  e n e r g y  t o  e a s i l y  

i d e n t i f y  t h e  m o s t  s u i t a b l e .  

2. One f a r m  (30 f e d d a n s )  occupied by t h r e e  f a m i l i e s .  T h e i r  

n e e d s  are c e n t r a l l y  s u p p l i e d  as t h e  result  o f  the first 

e x p e r i m e n t .  
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3.  An a g r o - i n d u s t r y  (90  f e d d a n s )  is  a sample  o f  the f a r m s  

u n d e r  t h e  a g r o - i n d u s t r i a l  companies ,  c o n t a i n s  t h e  r e g u l a r  

s e t t l e m e n t s ,  the a n i m a l  f o o d  f a c t o r i e s ,  d a i r y  f a c t o r i e s  a n d  

a u t o m a t i c  s l a u g h t e r h o u s e s .  I t  s u p p l i e s  t h e  o t h e r  f a r m s  

w i t h  t h e i r  n e e d s  o f  mea t  a n d  d a i r y  p r o d u c t s .  

4 .  A f a rm  = o r  p r o d u c i n g  a n d  s t o r i n g  v e g e t a b l e s .  

~ 1 1  I T ~ ~ ? ~ S  o f  r , : n ~ w , j h l e  pnl.ryy a r e  u s a d  on tl~csr? f a rms .  

C o n c l u s i o n  : 

E a s e d  o n  t h e  a f o r r r n e n t i o n e d ,  t h e  M i n i s t r y  h a s  g i v e n  p r i o r i t y  t o  new and 

r enewab le  e n e r g y  r e s o u r c e s  and  much e f f o r t  i s  b e i n g  made t h r o u g h  t h e  

Supreme C o u n c i l  o f  New a n d  Renewable Energy ,  s u p p o r t i n g  l o c a l  and  

i n t e r n a t i o n a l  c o o p e r a t i o n  i n  o r d e r  t o  s u p p l y  Egypt  w i t h  h e r  e n e r g y  needs .  
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Objectives of EREDO 

1. To define national energy needs, patterns and resources, with emphasis on 
the contribution of renewable energy resources potential to assist 
development of policies and strategies. 

2 .  Introduction of new technology development and acceleration of the rate of 
its progress to the field. 

3. Adaption of technologies and prototypes through field testing as well as 
laboratory analysis. 

4. RID solutions to problems limiting the practical use of the existing 
technologies and for solving application problems. 

5. Market and economic evaluation studies, with concern to the problems of 
new techniques, are to be conducted. 

6. Demonstration of components and systems to provide evidence to the 
potential users of which systems are feasible to identify technical 
problems and possible implementation barriers. 

7. To identify and monitor the main barriers to the use of renewable energy 
sources, such as standards, building codes, testing and sun rights. 

8. Introduction of the system to induetry. 

9. Commercialization of the products by moving the technology from the status 
of technical and economic feasibility to the status of market-phase. 

10. Educational courses and training for engineers and industry to improve 
their technical capabilities so that they can continue the implementation 
and use of appropriate systems. 

11. To give assistance for: 

Policy-Makers: With program and legislation with recommendations. 

Manufacturers: Specifying and developing of better designs and 
solutions to the application problems. 

The Users: In identifying economical uses of renewable energy 
resources and other energy conserving techniques. 



Annex M 

Relevant Experience with Similar --- Projects 

NASA was delegated by the DOE, beainning in the mid 1970ts, with 
responsibility for the U.S. national proarams involving desian, 
development, field test and evaluation of photovoltaic stand- 
alone systems, larue horizontal-axis wind electric machines and 
solar heatina and cooling projects. 

In this period the follovjnq photovoltaic systens experience has 
been developed hv the NASA Lewis Rescarch Ccnt.cr ( N P S A - L e R C ) :  

- Twenty systems have been placed in successful operation (See 
Annex 5) 

- Cver one dozen applications have been Ce~onstrated at users' 
sites, ranaincr fi-om insect t.raps (a(qricultura1) to villaye 
r)ower (Sch~~c!~tlli, AI-izcma, operational Per. 1978 and Tar:c.::;re, 
G?pcr Volta, operational Yarch 1979) for liqhtina, water 
pumping, refriceration, and arain arindinc 

- Photovoltaic powered vaccine refrigerator systems are now 
hejna procured, in support of the U . S .  Center for Discase 
Control and the I.?r,rld Fealth 01-qanization, to be c?.eployecl this 
year in India, Maldive Islands, Cambia, Ivory Coast, Peru and 
Colombia 

- Standarsized power systems for remote medical units are now 
L aeina procured in support of ATD/DS/EY for deployvent in 
Kenya, Z imbal~Gle, Guyana , and Ecnador 

- Village Community Service Systems (for health unit, school, 
water supply, and area liqhtina) are under design for a joint 
U.S./GOG project for four villages in Gabon 

Concurrently, NASA Marshall Space Fliqht Center assisted in the 
preparation of the National Commercial Demonstration Program for 
the installation of solar heating and coolinq systems, including 
industrial process heat, in commercial establishments in the U.S. 
These sites included factories, hospitals, schools, warehouses, 
hotels and multiple family dwellinus. Two hundred and eighty 
seven projects were i~plemented, with NASA responsible'for the 
manasement of 118. In addition, forty-two new systems were 
developed and installed in test buildinas for both heatina and 
coolina demonstrations. The DOE National Collector Test program 
was planned and executed by NASA. This proqram resulted in the 
rankina of 158 collector type manufactured in the U.S. according 
to thermal efficiency. An outsrowth of this test proqram is an 
effort, currently underway, to liparnde the performance specifica- 
tion (ASHRAE 93.77) to reflect all-day efficiency. A proaram, 
to be completed in 1984, was recently undertaken to install 
aheatins and coolins equipment in 840 federal buildings in all 50 
states. 
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NASA, long instrumental in aerodynamics and aircraft profession, 
has azdressed its experience to the development of aerodynamically 
efficient wind power oeneration machines. NASA-L,eRC has corpleted 
c?evelopment of larae wind power machines, i.e. 200 kW-2.5 MQ, and 
is now well into the de~onstration !)base of these machines 
interfaced with the utility ?rid in the r V . F .  Eiaht of these 
machines have'been installed over the last two years. The 
largest single installation is a wind  far^ of three machines, 
?enerati-nq a total of 7.5 Fa!*?. I.:achi.nes have hcen sited in Hawaii, 
Puerto Rico, Rl-nck I s l a n d ,  Korth Carolina, Y e w  !-'exico and 
!.:r?shir?nton. .'-:c\rc:~l-al of t l m  sites '37-e r c ~ ~ ~ n t e ,  S I ~ C ~  3s on the 
T::l ,?!IC! of C ~ l c x l  c.1 !?.it, P ~ i c h l - t  c> l d i  (-0, a ~ i r l  h'lve ~ ~ r ~ ~ c d  i 11::tal 1 a t  i o n  .) 
1 . 1  c)ti!~.:~::s \ . . l l i  c-11 G:( 1\11 d l . l t !  I - c  , r l  l:lc,n + o I :  . in \?  ,i I c .is i n  c ? c ~ \ . , t l r ~ : \ i  nc 
cc i i l~ t  r i  es.  
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ANNEX N 

P r o j e c t  263-0123 

Z(b)  =OMMENDATION TO AUTHORIZE PURCHASE OF EGYPTIAN PUJNDS WITH U.S. ---- 
DOLLARS 

Over t h e  l i f e  of  t h e  R~?nc:w~ihle Ent?rqy F i e l d  T e s t i n g  Sub2roject  
approximate ly  $ 4 . 8  m i l l  ion wil.1 be used t o  s u p p o r t  1or:al cu r rency  
c o s t s  o f  t h e  p r o j e c t .  Dol la r  funds  wi.11 be  used  i n  a s s o c i a t i o n  wi th  
GOE disSursernent of  zgyp t i an  pounds f o r  t h e  c o s t s  of  t h e  t r a v e l ,  p e r  
diem, and s h i p m e n t '  of house i~o ld  e f f a c t s  of p r o j e c t  c o n s u l t a n t ;  
r e l a t e d  p r o j e c t  s u p p o r t  c o s t s  such a s  t h e  t r a v e l  and U. S. p e r  diern 
of Egypt ian  p a r t  i c i ? a n t s ,  procurclnant of s e c r e t a r i a l  s e r v i c e s ,  
p r o j e c t  promotion,  in-countl-y t r a i n i n g  and su{.:h !ocal  !.)v~-~~c~l~-c:;.>.:nt 
comnodi t ies  a s  i s  au thor ized .  'rhe Mi!jsion w i l l  porchase  Eijyptic~n 
pounds w i t h  U.S. d o l l a r s  provided by t h e  P r o j e c t .  The ~ g y p r i a n  
pounds w i l l ,  i n  t u r n ,  be made a v a i l a b l e  t o  t h e  v a r i o u s  a p p r o p r i a t e  
e n t i t i e s  r e s p o n s i b l e  f o r  p r o j e c t  implementation f o r  d isbursement  i n  
accordance wi th  t h e  agrcernents reached between U S A T D  and t h e  GOE i n  
t h e  P r o j  e c t  Agrcc:ient:. 

JvSTIFICATION: D o l l a r  funds  used  i n  con junc t ion  wi th  Egyptian pound 
c o s t s  r e p r e s e n t  an a d d i t i o n a l  r e a l  r e s o u r c e  t o  t h e  Egyptian economy 
and p r o v i d e  means f o r  speedy implementation o f  s t u d i e s  and o f f e r s  
some i n c e n t i v e  f o r  t h e  E w p t i a n  Government t o  implement new 
i n i t i a t i v e s  t h a t  it might o the rwise  n o t  be  a b l e  t o  under take .  
u.S.-owned l o c a l  cu r rency  is  f u l l y  programmed and i s  n o t  a v a i l a b l e  
f o r  u s e  i n  t h i s  p r o j e c t .  

However, i f  U.S.-owned l o c a l  cu r rency  were a v a i l a b l e ,  it i s  d o u b t f u l  
t h a t  t h e  v a r i o u s  Egypt ian  e n t i t i e s  cou ld  e n t e r  i n t o  agreements s i n c e  
t h e y  would have t o  s u s t a i n  budgetary  cu tbacks  i n  o t h e r  a r e a s .  Even 
i f  t h e  v a r i o u s  Egyptian e n t i t i e s  were t o  o b t a i n  budgetary  funds  t o  
p rov ide  i t s  f u l l  p o r t i o n  o f  p r o j e c t  c o s t s ,  it i s  d o u b t f u l  t h a t  it 
cou ld  commit them t o  t h i s  p r o j e c t  u n l e s s  t h e  added f i l l  i n  of d o l l a r  
fund ing  f o r  l o c a l  cu r rency  c o s t s  were a s s u r e d .  Given t h e  above 
c o n s i d e r a t i o n s  and t h e  f a c t  t h e  Energy P o l i c y  and Planning 
Subpro jec t  s u p p o r t s  t h e  U.S. Foreign p o l i c y  o j b e c t i v e s  and t h e  
Country Development S t r a t e g y  Sta tement  of  Egypt,  we have concluded 
t h a t  l o c a l  c u r r e n c y  c o s t s  should  be  funded w i t h  do l l a r -purchased  
Egypt ian  pounds. 

--.,. BEST AVAILABLE COPY 
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ANNEX P 

U n o f f i c i a l  T r a n s l a t i o n  
M i n i s t e r i a l  Decree No. 272 f o r  t h e  

Year 1979 I s sued  June 26, 1979 f o r  QDA 

The M i n i s t e r  of E l e c t r i c i t y  and Energy, a f t e r  reviewing:  

- Law 1 4  f o r  t h e  y e a r  1974 f o r  t h e  e s t a b l i s h m e n t  of t h e  Q a t t a r a  
Depression Author i ty  (QDA)  

- The Prime M i n i s t e r  Decree NO. 917 f o r  t h e  y e a r  1979 f o r  t h e  
e s t a b l i s h m e n t  of t h e  Supreme Council  f o r  New Energy and i t s  
amendment by a Prime M i n i s t e r  Decree No. 276 f o r  t h e  y e a r  1979. 

- The M i n i s t e r i a l  Decree No. 181 f o r  1979 f o r  t h e  fo rma t ion  of a  
committee t o  i d e n t i f y  an a u t h o r i t y  t h a t  w i l l  be r e s p o n s i b l e  f o r  
t h e  New Energy p r o j e c t s .  

- Minutes of t h e  aforement ioned committee meeting on May 1 4 ,  1979. 

Hereby d e c r e e s  

A r t i c l e  1: The Q a t t a r a  Depression Author i ty  (QDA) i s  r e s p o n s i b l e  f o r  t h e  
execu t ion  of  renewable energy p r o j e c t s  i n  t h e  f i e l d  of  e l e c t r i c i t y .  

A r t i c l e  2: Funds f o r  t h e  renewable energy p r o j e c t s  a l l o c a t e d  i n  t h e  
M i n i s t e r i a l  budget  f o r  t h e  year  1979 a r e  t o  he t r a n s f e r r e d  t o  QDA i n  
s e v e r a l  i n s t a l l m e n t s  accord ing  t o  t h e  i n s t r u c t i o n s  of t h e  F i r s t  S e c r e t a r y  
of S t a t e  of  t h e  Min i s t ry  of E l e c t r i c i t y  and a u t h o r i z e d  by t h e  M i n i s t e r  
and a f t e r  t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  agreed d i s t r i b u t i o n  of funds  wi th  
t h e  M i n i s t e r  of Planning.  

A r t i c l e  3: The QDA w i l l  a s s i g n  t h e  r e s e a r c h  and s t u d i e s  of renewable 
energy t o  t h e  Divis ion  of Research,  S t u d i e s  and Development of t h e  
Egyptian E l e c t r i c a l  Au thor i ty  (EEA) and t o  any o t h e r  e n t i t y  i n  t h e  l i g h t  
of t h e  p o s s i b i l i t i e s  o f f e r e d  by t h e  aforementioned d i v i s i o n .  

A r t i c l e  4: In  assuming i t s  a c t i v i t y  i n  t h e  f i e l d  of renewable energy,  
t h e  QDA is  cons ide red  one of t h e  i n t e g r a t e d  e n t i t i e s  f o r  p l a n n i n g ,  
c o o r d i n a t i n g  and responding t o  t h e  d i r e c t i v e s  of t h e  Supreme Counci l  f o r  
New Energy and it i s  supposed t o  p r o v i d e  t h e  t e c h n i c a l  s e c r e t a r i a t  of t h e  
Council  wi th  a l l  i n fo rma t ion  conce rn ing  renewable energy t o  be p r e s e n t e d  
t o  t h e  Supreme Council .  

Article 5 :  The QDA w i l l  i n t e n s i f y  i t s  a c t i v i t y  i n  t h e  f i e l d  of renewable 
energy under i t s  d i f f e r e n t  forms i n  compliance wi th  p u b l i c  o p i n i o n ,  
supreme n a t i o n a l  i n t e r e s t ,  and w i l l  a c c e l e r a t e  implementat ion t o  o b t a i n  
t a n g i b l e  r e s u l t s  i n  o r d e r  t o  fo l low t h e  n a t i o n s  t h a t  have s u r p a s s e d  u s  i n  
t h i s  f i e l d .  

A r t i c l e  6: The d e c r e e  i s  t o  be p u b l i s h e d  f o r  execu t ion  by a l l  concerned.  

Eng. Moustafa Kamal Sabry  

M i n i s t e r  of E l e c t r i c i t y  and 
Energy 
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Article 1 -- - 

7i .a  t a r t s  si the  t . ro r ; l r t u r a ~  1 mnd ;: o f  t h a  Yaw NO. 

i i  f o r  the *utul l ioh9.1snt  qf t h b  U a t t a r n  U a p r e s s i o n  Exmcut- 

:vet p r o j e c t  A u t h o r ~ t y  ahall l o  rubatituted by t h e  f e l l owin r r .  

text . :  

C I : * : i o e  1 A P u b l i c  A u t l ~ c r i  t y  to be uarnad, "UATl,\&h IL'Z1Ji-I-3 A31) 

IiE:;EWALJLZ EI~EI-LY ' PROJECTS A U T l i O R I T Y 1 '  , sI,*l l  be 

e b t i r b J  ~ r h e d .  . It s h a l l  h r v e  i 4  j u r L n l i c  p e r r o n a l i t y ,  

be  rffilrnicd with the  Ministar , o f  E l e c t r i c i t y  a1.d 

liar+ i t s  t:aad o f f i c o  i n  t 1 . m  c i t y  o f  C a i r o .  

Clause 2 T h e  . l u t h o r i t y  r i l l  c a r r y  out t h e  e x e ~ u t i . o n  o f  the 

U u t t u a  Cepreamien  P r o j a c t  and a 1 1  works related t o  

2t a n d  Wyare E i r c t r i c  Power & e n e r a t i o n  P r o j e c t a  i ~ r  

the R e p u b l i c  a n d  r e n a w a b l r  e n e r g y  projects, a s  w e l l  

as n L 1  p r o j e c t s  r e l a t e d  t o  t h e  ~ c t i v i t y  o f  t h e  

A u t h o r i t y  eub.iect to t h e  a p p r o v a l  o f  t h e  I loard of' 

D i r e c t e r a  upon a p r o p o s a l  f rom t h e  M i n i s t e r  of L l e c -  

t r i c i t y .  

Thm A u t l r o r i t y  is e s c l u r i v e l y  ammigned t i r e  f o l l e w i n g :  

( 1 )  C a r r y i n g  out oi' mtudiam,  t e c h n i c a l  and cconom- 

i c m l  r e s e a r c h  f o r  t h e  A u t h o r i t y ' n  P r o j m c t s  a m  

w e l l  a. t h e  Y r o j e c t r  r e l a t e d  to i t ,  b r a n c h i n g  

f r o m  i t ,  o r . c o n r e q u s n t  upon, e i t h e r  i n d i v i d u a l l y ,  

o r  p a r t i c i p a t i n g  with o t h e r  l o c a l  o r  f o r e i g n  

b o d i e s .  

( 2 )  E x e c u t i n g  , i l l  c o n t r a c t u a l  agreaniet l ta  which have 

b e e n  c c n t r a c t a d  w i t h  f o r e i g n  ~ o v u ~ - n n ~ e n t s ,  u s  w e l l  

~~. . ~ . ~~ ~ . -  
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as local, d'r l c l  f orc irr !  . \ u f k o ~ . ~  t i n s  ~ c r t a i n i n p  to 

hhb p r o j o s t s .  

( 3 )  C o n t r a c t i r l z  with conrultiar~; Lodicr  for rettillg 

( 5  1 Study a r l c l  appr -v in f !  rntthoda of c x e c t l t i o n  o f .  t h e  

Frejactc and the w o r k s  ra laLo41  L u  i t  

( 6 )  I'reprrl~~y t llr 11a.j c s ; r r c i ~ i c o t i o n  f97 .tho p r o  j e c t n  
. . 

and i t p r  e ~ y l m m m n t a t i o ~ n  l'or e w t ~ i l t = c ) n . .  . . . 

( 7 )  Carrying o ! ~ t  t h e  a x e c u l i o n  of t1,e l , r o j e c t m  indi- 

v i d u a l l y  o r  participatin~, viih ot!lcr bodies o r  

r s s i g n i ~ ~ ~  t l i e  whole  or p a r t  of  t h e  project to 
' .  

~ u t h o k i t i e .  o r  s p e c i r l i z e d  cocpanisr. 

E x a c u t l n ~  t l ~ c l  works r e l r t e t l  t o  t l ~ c  A u t h o r i t y ' s  

projects, or 1 rar.chr?w of i t  02- c o : : s a q u e r ~ t  upon, 

arn p o i n  t'cc! o u t  Cn out c l a u + e  ( 7  ) . 
( 9 )  X'reparing thm projects f o r  i t s  opcf?tion arid man- 

ay,mrnent cj t? re r  by i t a e l ! '  o r  muhl a t  i n g  rcarne t . o t a l y  

o r  p a r t i a l y  to a p s c i l i z a d  A u t h o r i t x s a  o r  coalp*nieo.  

( 10) Undmrtaking, Lxpor t i r e  a z G  e T e c t ; : . l u n  o f  pro j c c t s  

f a l l i n g  w i t l i i ~ ~  thm 8 i p e c i a l i t a t i o x i  o r  t l i c  X u t ~ ~ o r i t y  

e i t h e r  l o c a l l y  o r  o b r o a d ,  und w h i c h  are c o n s i m t e n t  

w i t h  t j l e  A u t h o r i t i e m  c o r n p a l i t y  a v a i l a b l e  h y  n r  

t k o u g h  d t . 

A r t i c l e  2 

T h i n  l a w  r h a l l  be pnb l imhsd  i n  t h e  o f f ' l c i a l  G a ~ e t t e  and 

.ha11 t e  v a l i d  as f rom t i l a  next day i f t a r  t h e  dut. o f  itrn 

p u b l i c a t i o n .  

Thio low s h a l l  b m  embornsod w i t h  tlka S t a t 1 @  r e a l  and . h a l l  

be i m p l e r r . ~ c n t e d  a- enc of  i t s  l aw .  
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Yxcerpt  f rorr. Sriliforn Data  C o l l e c t i o n  an$ 1 n f o r ~ a t i o : l  Systens f o r  3enev?able 
Ynerglr P r o j e c t s  _1_/ 

F i 3 e i y  Zetailed or specific data cate~ories can only be 

Ceveloped with a pazticular project in mind. For example, the 

socio/cultural factors relevant to use of a solar cooker will 

be differect than those of a village wooe lot. Below is a dis- 

cussion of a set of data categories and their sub-elements that 

are non-specific in terms of particular renewable technologies 

but which can be adapted to the specific tec4hnolo5y and local 

settins of the project. 

A .  Data Categories 

Technical 

--Adequate physical data (amount of biomass, wind, solar, 

etc.) should be cathered to verify the originzl assump- 

tions or estinates mede durinq project design. 

--Complete records of ccmponenc scr;uisiticn in person 

hours, costs, and skill requirements. 

--Complete zecords of technolcqy Fcstallations in person 

hours, costs, and skill requirements. 

--Conplete records of systen out2ut. 

--Complete zecords of system perfomance, &own time, 

maintenance activities and costs. 

--Records on environmental inpacts. 

--Changes that could be made, for example, in: 

overall system design 

o ccmponenk acquisiticn 

local manufacture of technoloqy 

I/ George : ,u r . r i l l ,  A pa?e r  ;)reparer] f o r  Llle SSSI TJorksilop 011 Eva lua t io i l  - 
Systems f o r  Renewable Energy Systems, Coulder , ,  Co lo rado ,  F e b r u a r y ,  133C. 



systo,a maintenance 

In fo rna t ion  can then be assembled on the ~ o t e n t i a l  

t e c h n i c a l  e f f e c t s  of such chaages on t h e  system. 

Soc ia l /Cu l tu ra l  . 

--Relat ionship of  t h e  energy p r o j e c t  and technology t o  

t h e  u s e r s  o r  t o  v i l l a g e  d a i l y  and seasonal  l i f e  p a t t e r n s .  

Also, d a t a  on behavior changes requi red  by the technology,  

and on v i l l a s = s '  t r a d i t i o n a l  h a b i t s  o r  ways of  doing 

t h i n g s  which a r e  a f f e c t e d  by t h e  p r o j e c t ,  a l though no t  

n e c e s s a r i l y  requi red  t o  chance by t h e  technology ( i . e . ,  

behav io ra l  s i d e  e f f e c t s )  . 
--People 's  a t t i t u d e s  towards t h e  technolosy and t h e  

p r o j e c t .  

--Behavior of  o rgan iaa t ions  i n  t h e  p r o j e c t .  

--Other c u l t u r a l  c o n s t r a i n t s  d iscovered dur ing  t h e  pro j -  

e c t  t h a t  were no t  i C e n t i f i e d  by t h e  g r o j e c t  p lanners .  

--Data on per fomance  of t h e  o r o j e c t ' s  ownership s t r a t e g y  

and maintenance s t r a t e g y  from a  s o c i a l / c u l t u r a l  s tand- 

po in t .  

--Equity r e s u l t s  of t h e  p r o j e c t  a s  implemented: 

impact on male and female r o l e s  

impact on l o c a l  income l e v e l  groups 

impact on e t h n i c  sub-groups and c a s t e s  

r e l a t e d  t o  i nd iv idua l  vs .  family vs .  cornuni ty  

Economic and F inanc ia l  

David French has suggested t h e  following elements:* 

*French, David, "The ~conomics  of Renewable Energy Systems f o r  
Developing C o u n t r i e s n ,  U S / A I D ,  P?ashington, D.C.,  January 1979. 



--Value of a s y s t e n ' s  Output  ( i f  r . easurzb le  i n  marke= 

p r i c e s )  . 
- - U t e r n a t i v e  ,er;lployment o p p o r t u n i t i e s  ( t o  measure bene-' 

f i t s  i f  t h e  system c h i e f l y  r e l e a s e s  l a b o r  from f o r x e r  

t a s k s )  . 
- -cos ts  cf s i t e  p r e p a r a t i o n  and' i n s t a l l a t i o n  cf the  

system. 

- -Direc t  o p e r a t i n g  c o s t s .  

--Degree o f  l o c a l  unemplcyment ( t o  find. shadow wages ) .  

- -Sx i s t ing  u s e s  of raw m a t e r i z l s  ( t o  f i n d  t h e i r  shadow 

p r i c e )  . 
--Zxtension c o s t s  of i n t r o d u c l a g  t h e  system. 

--Market i n t e r e s t  r a t e s  f o r  l o c a l  borrcwino ( t o  e s t i v a t e  

i n v e s t o r s  ' d i s c o u n t  r a t e s )  . 
- - c h a r z c t e r i s t i c  l o c a l  investments ( t o  s u g c e s t  v i l l l n g -  

a e s s  t o  t a k e  f i n a n c i a l  r i s k s ) .  

I would add two mcre e l e - e n t s .  The i n v e s t o r ' s  p o i n t  of  

i s  e x t z e v e i y  L ~ ? o r t a n t  f c r  t h e  long-team s u c c s s s  of any 

2 r o  j e c t ,  whether it be governme?t, ccrmunity , i n e i v i d u a l ,  o r  a 

combinat ion of  t h e s e .  The e x t e n t  t o  which t h e  p r o j e c t  i s  t e s t i n g  

economic o r  f i n a n c i a l  a c c e p t a b i l i t y  t o  2 o t e n t i a l  i n v e s t o r s  should  

d e ~ e n d  u?on t h e  e x t e n t  of  proven technology development.  Less 

Zeveloped t e c h n o l o g i e s  w i l l  g e n e r a l l y  have h i g h e r  s u b s i d i e s ,  and 

LU ~ u r e  2 r o j e c t  r e s u l t s  a r e  t h e r e f o r 2  l e s s  of an i n d i c a t o r  of * ' 

i n v e s t o r  behav io r  t h a n  c n s u b s i d i z e d  t e c h n o l o g i e s .  x c r e o v e r ,  inves -  

a. ~ o r s  v s r y  o f t e n  do not  a c t  i n  a f i n a n c i a i l y  o r  econcmical ly  



r a t i o n a l  mcnner. Economic and f i n a n c i a l  p o s i t i v e  o r  'neqative 

z n a l y s i s  r e s u l t s  may n o t  c o r r e l a t e  wi th  inves to= dec i s ions  ex- 

perienced i n  t h e  p r o j e c t .  Therefore,  a reasonable  e s t ima te  as 

t o  what can be determined about p o t e n t i a l  i n v e s t o r  Sehavior based 

on p r o j e c t  Za ta  should be c l a r i f i e d  before  any conclusions a r e  

recched. To do t -h is ,  d a t a  should be qathered dur ing  t h e  p r o j e c t  

on t h e  a d d i t i o n a l  elements o f :  

- - investor  percept ion of f i n a n c i a l  o r  economic c o s t /  

b e n e f i t ,  and 

-- investor  oginion a s  t o  competina inves tnent  choices .  

( I  am no t  r e f e r r i n a  t o  c o s t  e f f e c t i v e n e s s  a n a l y s i s  

he re ,  b u t - t o  t h e  f a c t - . t h a t  monies may be inves ted  i n  

i tems f o r  completely d i f f e r e n t  purposes . )  



AGENCY FOR INTERMA TIONAL DEVELOPMENT 
ADVICE OF PROG2AM CHANGE 

DATE: M a r c h  11, 1 9 8 2  

Country: !7$ypt Flo. 1 2 1  

Pro jec t  T i t l e :  Energy Pol i c y ,  Renewables Demonstration, U t i l  i t y  Management 

Pro jec t  Number: 263-01 23 

FY 1982 CP Reference: Amended Main Volume, page 373 

Appropr ia t i  on Category : Economic Support Fund 

L i f e  o f  P ro jec t  Funding: $48,000,000 (Grant) 

Intended FY 1 982 Obl i gat ion  : $33,000,000 

This i s  t o  advise t h a t  A I D  Intends t o  o b l i g a t e  $33 m i l l i o n  o f  FY 1982 grant  
funds and $48 m i l l i o n  i n  t o t a l  for  t h i s  p ro jec t .  This p r o j e c t  cons is ts  of 
three a c t i v i t i e s  deal ing w i th :  e f f e c t i v e  and e f f i c i e n t  na t iona l  p o l i c y  
planning and decision-making; demonstration o f  the  place o f  renewable 
energy op t i cns  i n  nat iona l  energy decisions; and strengthenihg the  
management capabi 1 i t y  o f  u t i  1 I t y  organizat ions . 
This p r o j e c t  was n o t  ob l iga ted  i n  FY 1981 , as planned, because p r o j e c t  dimensions 
were no t  s u f f i c i e n t l y  developed a t  t h a t  t ime. Pro jec t  a c t i v i t i e s  have s ince been 
expanded t o  i n c l  ude addi t i o n a l  assistance i n  renewabl es techno1 ogy and i n  
management o f  u t i l i t y  agencies, resu l  t f n g  i n  an increase t o  $33 m i l l i o n  i n  i n i t i a l  
obl i g a t i o n  end t o  $48 &Uon i n  1 i f e  o f  p r o j e c t  costs. 

Attachment: A c t i v i t y  Data Sheet 
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"'LE Energy Pol i c y .  Renewable~ a man 

! I > 

i 
- 1  -- 

I Purpose: To improve the efficiency of energy resource utilization in 
E ~ y p t  by: strengthening GOE Institutional capabilitiee in national 
energy planning and policy makina; denonstretinp, Eeneibility of 
renewable energy technologiee; awl improving utility managehent in 
the Esyptian Electricity Authority and the Rural Electrification 

I 
Auttmritv. 

I Back.qrou&: The CnE la undertaking a major program in tile electric 
power eector. This involvee all especta of the Egyptian energy 
eitrtation, ranging from policv planning and technical training to 
power Reneration and dietribution. In recent years eocial and 
economic conditions have become increasingly eeneitive to the supply 
of and denand for enerRy. In 1978 the US Department of Energy 
eponeored a Joint E~ypt-US Cooperative Ener~y Aaeeeament which has 
provided a large amount of information on C ~ y ~ t ' e  energy reeources 
and utilization capabilitiee. Key elememta have been identified ae 
national policy planning, the potential for renewable energy eubati- 
tution, and ranagement of utility agenciee. 

Project Deecription: Thie project conaiete of three groups of activi- 
tiee: I) inetitutionaliring the capability within the GOE to collect 
and analyze data neceeaary for national energy policy planning, 
2) the deaonetration of renewable energy technologiee which m y  be 
economically competitive with conventional energy and 3) improving 
ranap.ement capabilities in the Egyptian Electrification Authority 
(EFA) and the Rural Electrification Authority (RE.). Iheae qctivi- 
ties uili be supported through technical aaaiatance, on-the-job 
and 1on~-term train in^ and with appropriate hardware necessary to 
up~rade Eeyptian capabilitiee. Each activity will contribute to 
the c o a n  p.onl of efficient utilization of Egypt's eneruy reeourcee. 

Relation to AID Country Stratem: Ry providin~ Egyptian policy rakera 
and operational pereonnel with inforration and ekille which can lead 
to realietic enerp.y pricing and aore efficient energy uee, thie 
project nddreeeee a key impediment to increaeinx the productivity of 

H&t Country and Other Donors: The COE is f~tndllig initial and 
recurrent costs for salaries and support and for speclal 
activitiee neceosary to the projecl ($12.500,000 equlvalcrlt). 

Beneficiarieg; Direct beneficiaries will be the twelve COE 
agencies dealing with enerp.y and approxllutely slx I~undrcd 
individuele receiving training atid tecllnlcal assistance. Ifore 
important, private coneumere and h.on!,;c=s thror~~l~out Egypt will 
benefit tl~rou~h the nore rational and efficient use of etlerffy 
resources. 

tlejor Outputs: 
1. lbre effective policy and deciolol~ naklng regarding use of 
energy resourcee. 
2. Realistic set of optione for use of renewable energy resources 
baaed on practical field testa in Egypt. 
3. Ilproved organization and efficiency in utility mallaRemetlt 
agenciee . 

Life of Project 
AID Financed Inputa: ($Thousands) - -- -- - 
Technical Aseietance (930 PY) $13.000 
Training (35 PY Long-term) 19,000 

(10 PY Short-term) 
( 1200 P?I Seninar/llorkalwp) 

Coawditiee (Renewablee tecl~nology, 
office eupport and 

construction) 

Other Costs (Evaluations, contingency, 12 000 
inflation, etc.) $48.000 Total 

- -- 
u.8. FwARW#O (k * ~ a &  .I d r l r c )  PRIMCIPAL CONTRACTORS Otl AfJEMClES 

Argonne Hational Laboratory for preliminary work 
- - - and sub-contract. Prime controctors to be 

E ~ a m a m  hro* 8 p t m b . r  =1981 - - - 
- 

eelected. 

Fa- Y r  Oblblk., t d d  ratd C a I  
P I O P O ~ I  ~ k e d  v r r  1982 - 33,000 15,000 48.000 1 - . - - - -- - - - - - 



UNITED STATES GOVERNMENT 

memorandum 
DATE: May 15,  1981 

REPLY TO 
A-OF: NE/PD/PDS, Stephen F. Lintner , Bureau Environmental ~ o o r d i n a t o r d  

suurcr: EGYPT - ( A )  Energy Policy and Planning Subproject - Project  I den t i f i c a t i on  
Document (2634123) - Environmental Clearance 

TO: NE/TECH/HRST, George Se l f ,  Project  Chairperson 

I have reviewed the  environmental documentation prepared f o r  the  proposed 
subproject and concur with the  recommendation of the  Mission t h a t  it be 
given a "Negative Determinationt1 i n  compliance with the  requirements of 
22 CFR 216, "A .I .D . Environmental Proceduresn. 

It is recommended t h a t  the  Policy and Planning subproject include i n  i ts 
design provisions f o r  the  i n s t i t u t i o n a l  development within t he  GOE f o r  
(1) programmatic analysis  of environmental impacts of energy sec tor  
developments and (2)  f a c i l i t y  s i t e  se lec t ion  c r i t e r i a  and review 
procedures. 

cc: GC/NE, T.  Carter  
AID/Cairo, W. McAleer, Mission, Environmental Officer 
AID/Cairo, L. M. Hager, Senior Legal Advisor 
AID/Cairo, J .  Weber, Mission Project  Officer 

O P r l O N A L  FORM NO. 10 .-- ... 
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Memorandum NFAC PACKAGE 

r0 : See D i s t r i b u t i o n  
THRU : NE/TECH . Kenneth Sherper 

DATZ: May 1  3, 1  982 

mou : NE/TECH/HRST, Ross Thomas fT 
mw; PRC Issues Paper - Egypt Renewable E n e r ~ y .  F i e l d  

Tes t i ng  (263.01 23.2) 

The P r o j e c t  Review Committee met and reviewed t h i s  p r o j e c t  on A p r i l  1, 7 ,  15 
' 

and May 6,  1982. As a  r e s u l t  o f  an i n i t i a l  s e t  o f  i ssues  and recommendations 
made by t h e  PRC t h e  Miss ion  P r o j e c t  O f f i c e r  has made s u b s t a n t i a l  r e v i s i o n s  i n  
t h e  o r i g i n a l  PP, w i t h  M iss ion  approva l .  The r e v i s e d  PP (Attachment A) was 
reviewed by t h e  PRC a t  t h e  May 6 meetf ng. 

The PRC recommends NEAC approval  of  t h e  p r o j e c t  s u b j e c t  t o  c o n s i d e r a t i o n  of  
t h e  f o l  1  owing i ssues  : 

Issue  1  . Economic f e a s i  b i l  i t y  
. - 

D iscuss ion  - The o r i g i n a l  economic a n a l y s i s  presented t h e  case from a  c u r r e n t  - 
c o s t m )  s tandpo in t  and was f e l t  t o  be u n s a t i s f a c t o r y  by t h e  PRC. The 
r e v i s e d  economic a n a l y s i s  (which now appears i n ;  'the PP) i s  based on a  p r o j e c t i o n  
o f  re1 a t i v e  cos ts  i n  1990, comparing renewable energy appl  i c a t i o n s  w i t h  o f f - g r i d  
( d i e s e l  and gas01 jne engines, generators  and b o i l e r s )  us i ng  conceptual  des igns.  
E i g h t  o f  e l  even computat ions r e s u l t  i n  economica l ly  v i a b l e  a p p l i c a t i o n s .  
Whl le  t he re  a r e  concerns w i t h  t h e  methodology and t h e  t h e o r e t i c a l  renewable c o s t  
p r o j e c t i o n s  t h e  PRC notss t h a t  t h e  a d d i t i o n a l  t e s t i n g  o f  economic f e a s i b i l i t y  
i n  both t h e  eng ineer ing  des ign process and d u r i n g  implementat ion i s  one aspect  
o f  t h e  i n f o r m a t i o n  sys ten  t o  be undertaken. 

Recommendation - That t h e  NEAC accept  t he  p r e l i m i n a r y  economic f e a s i b i l i t y  as 
descr ibed  i n  t h e  PP p e r m i t t i n g  t h e  M iss ion  t o  make f i n a l  s e l e c t i o n  based on 
f u r t h e r  a n a l y s i s .  The PRC su yes ts  t h a t  t h e  f o l l o w i n g  parameters be used i n  
f u r t h e r  economic a n a l y s i s :  ( a  7 the f i v e  percen t  annual e s c a l a t i o n  o f  r e a l  f u e l  
cos ts ,  as t h e  maximum upper range; ( b )  a  t e n  percen t  i n t e r n a l  r a t e  o f  r e t u r n  and 
( c )  i n c l u s i o n  o f  an es t imate  o f  t h e  c o s t  o f  g r i d  connec t ion  as an a l t e r n a t i v e  
convent ional  energy source. 

I ssue  2. Technical  f e a s i b i l i t y  

Discuss ion - The f i e l d  t e s t s  chosen a r e  g e n e r a l l y  mid-sized and i n d u s t r i a l l a g r i -  
c u l t u r a l  /commercial i n  na tu re .  They were se lec ted  i n  coope ra t i on  w i t h  t h e  GOE. 
The c r i t e r i a  i n  t he  PP which we.re ~ s e d  t o  propose these speci  f i c  a p p l i c a t i o n s  
and t o  e l i m i n a t e  o the rs  appear t o  cover  any and a l l  a p p l i c a t i o n s .  The Miss ion  
does i n d i c a t e  t h a t  t he  propo:sed ~ p p l  i c a t i o n s  w i  11 be s u b j e c t  t o  r i g o r o u s  p r e l  i m i -  - nary  and f i n a l  eng ineer ing  desicgn analyses b e f o r e  s e l e c t i o n  i s  f i n a l .  This w i l l  

n c i  ude 
t a  teme 

t h e  
n t s .  

s t udy  

&7 

- o f  a1 t e r n a t i v u  techno log ies  which m igh t  s a t i s f y  t h e  

L'.J~. S a i n j i  2unk Xrgu l j r l j  a :kt Ttymli  f~v in3r  i ! ; n  
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D,ecommendation - That t he  NEAC approve t h e  o v e r a l l  cha rac te r  o f  t h e  f i e l d  t e s t s  -------- 
zer -a  t t i n g  t h e  Miss ion  t o  make f i n a l  s e l e c t i o n  based on f u r t h e r  analyses.  
Fur ther ,  t h a t  t he  Miss ion  g i v e  cons ide ra t i on  t o  a  Cond i t ion  Precedent p r i o r  t o  
f i r s t  disbursement f o r  any f i e l d  t e s t f n g  a c t i v i t y  r e q u i r i n g  t h e  GOE t o  f u r n i s h  
a statement o f  t he  c r f t e r i a  which would govern s e l e c t i o n  o f  renewable energy 
a p p i f c a t i o n s ,  d e s c r i b i n g  bo th  eng ineer ing  and economic q u a l i f i c a t i o n s .  

Issue 3. Eqypt ian o rqan i za t i ons  . , 

Discuss ion - The PP does n o t  p resent  a  c l e a r  and coherent  d e s c r i p t i o n  o f  t h e  
re3ewabl e  energy respons i  b i  1  i t i e s  o f  t h e -  Q a t t a r a  Hydro and Renewable Energy 
A u t h o r i t y  as i t  i s  p r e s e n t l y  s t r u c t u r e d  o r  as i t  i s  t o  become. Wi thout  these 
i t  i s  d i f f i c u l t  t o  judge whether Q a t t a r a  has o r  can r e a d i l y  r e c r u i t  t he  s t a f f  
t o  conduct t h e  p r o j e c t  and t o  achieve t h e  p r o j e c t  purpose. 

Recomnendation - That M iss ion  g i v e  cons ide ra t i on  t o  i n c l u s i o n  o f  a  Condj t i o n  
Pre~cedent p r i o r  t o  f i r s t  disbursement which r e q u i r e s  t h e  GOE t o  p rov ide  
USA!D/Cairo w i t h  an a n a l y s i s  o f  Q a t t a r a ' s  c u r r e n t  c a p a b i l i t y  and p lans t o  
inc rease  s t a f f  resources necessary t o  s u c c e s s f u l l y  undertake and implement 
t h i s  p r o j e c t .  

Issue 4 .  I n fo rma t i on  u t i l i z a t i o n  

Discuss ion - It does n o t  appear t h a t  t h e  emphas.is on d issemina t ion  i n  t h e  PP 
i s  adequate t o  achieve t h e  p r o j e c t  purpose. Since t h e  i n t e n t  o f  t h e  p r o j e c t  
i s  t o  prepare f o r  r e p l i c a t i o n  o f  t he  renewable techno log ies  a c t i v e  and f u l l  
d issemina t ion  o f  r e s u l t s  o f  t h e  f i e l d  t e s t s  i s  a  v i t a l  implementat ion a c t i v i t y .  

Recommendation - That t h e  M iss ion  i nco rpo ra te  t h e  broad o u t l i n e s  o f  an 
i n f o r m a t i o n  d issemina t ion  approach i n  t he  PP and i n c l u d e  p r o v i s i o n  f o r  f u r t h e r  
devel op ing and imp1 ementing t h a t  approach. 

I ssue  5.. F i e l d  t e s t s ,  P r i v a t e  vs.  Pub1 i c  Sec to r  

Discuss ion - The proposed F i e l d  Tests, as l i s t e d ,  a re  scheduled t o  be 
conducted w i t h  p u b l i c  sec to r  o rgan i za t i ons .  The New I n i t i a t i v e s  a r e  
a n t i c i p a t e d  t o  be conducted w i t h  p r i v a t e  companies. I n  e i t h e r  case 
t h e  PP proposes t h e  p r i n c i p l e  o f  c o s t  sha r i ng  o f  f i e l d  t e s t  cos t s  w i t h  
t h e  immediate b e n e f i c i a r i e s .  The PRC commends t h i s  approach. The PP does 
n o t  f u l l y  j u s t i f y  conduct ing a l l  F i e l d  Tests  w i t h  t h e  p u b l i c  s e c t o r  
p a r t i c u l a r l y  i n  t h a t  i t  does n o t  demonstrate t he  l a c k  o f  i n t e r e s t  o r  
c a p a b i l i t y  o f  p r i v a t e  sec to r  companies i n  t he  i n s t a l l a t i o n s .  It i s  n o t  
c l e a r  t o  t he  PRC whether t h e  F i e l d  Tests cou ld  n o t  be arranged w i t h  t h e  
p r j v a t e  sec to r  w i t h o u t  causing s u b s t a n t i a l  de lay  i n  p r o j e c t  implementat ion.  

Recommendation - That t he  Miss ion  be au tho r i zed  t o  proceed i n  t h e  s e l e c t i o n  
process bu t  g ive  a d d i t i o n a l  cons ide ra t i on  t o  i n c l  ud ing  p r i v a t e  companies i n  
t he  F i e l d  Test  component. 



Observation 1 .  Use o f  PASA/Contractor - The Miss ion recommends i n  t h e  PP the  
use C under PASA) of  NASA/Lewis Research Center Laboratory as p r o j e c t  management 
con t rac to r  due t o  i t s  unique s ta tu re ,  experience a n d ' f n h e r e n t ' l a c k  o f  b ias  i n  
development of  renewable energy technology. It appears %hat NASA would be 
prepared t o  accept such a r o l e .  The use o f  NASA as P r o j e c t  Manager guarantees 
t h e  a v a i l a b i l i t y  o f  comprehensive management serv ices across t h e  broad spectrum 
of t h i s  a c t i v i t y .  NASA i s  p a r t i c u l a r l y  we l l  adapted t o  conduct t h e  complex 
procurement requ i red  by t h i s  a c t i v f  t y  which' w i l l  i n v o l v e  compl i ca ted ,  perhaps 
two-step type, procedures t o  f i r s t  d r a f t  s p e c i f i c a t i o n s  f o r  each renewable 
technology and then ho ld  compet i t ion  f o r  t h e  supply, i n s t a l  1 a t i o n  and opera t ion  
of  each a p p l i c a t i o n .  I n  t h i s  regard t h e  PP i n d i c a t e s  t h a t  NASA would use AID 
procurement procedures i n  imp1 ementing the  p r o j e c t  . We woul d recommend t h a t  
t h e  Miss ion consider  whether i t  would n o t  be more advantageous, and i n  t h e  bes t  
i n t e r e s t s  o f  smooth p r o j e c t  implementat!om,. f o r  NASA t o  use i t s  own h i g h l y  
developed con t rac t i ng  procedures s ince t h e y . w i l 1  be more f a m i l i a r  w i t h  those 
procedures. 

Observation 2. Miss ion s t a f f i n q  - Since there  w i l l  be a con t i nu ing  se r ies  o f  
techn ica l  and cont rac tua l  mat ters t o  be addressed i n  t h e  p r o j e c t  t h e  PRC 
expressed some concern t h a t  t he  proposed Miss ion s t a f f i n g  may be i n s u f f i c i e n t  
t o  mon i to r  t h e  p ro jec t .  We suggest t h a t  t he  NEAC approve conveying t h i s  concern 
t o  the  Miss ion fo r  t h e i r  cons idera t ion .  
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TAGS: 
SUBJ ICT :  EGYPT RENEWABLE ENERGY F I E L D  TEST ING 1263 -8123 .21  

RCF: !A1 CAIRO 1 8 9 4 8  LB1 STATE 1 4 1 5 3 7  

I. THE XIC R E V I E W E D  L:IO APPROVED THE SUBJECT PROJECT 
PAPER ON MAY 18, 1981 .  THE FOLLOWING ISSUES WERE DISCUSS,- 
ED. n lss lam RESPOHSE TO l T E n s  11, 18, IC ANO PARA 1 IS 
RECUEST iD  FOR ATTACHMENT TO A U l H O R I Z A I l O N  HEM0 TO BE SUB- 
H ITTEO T O  C o n l n l s T R t T o R  ASAP. 

--A. UEAC IS  CONCERNED THPT THE s r L E c r r o r  OF NASA as 
PROJECT MANAGEHENT CllT l TY BE FULLY J U S T I F I E D ,  NOTE M I S S I O N  
WILL  NEED TO ADDRESS ANOTHER ASPECT OF PRIVATE SECTOR ROLE 

PEE PARA 2 BELOW. I F  M I S S I O N  WISHES HE BUREAU TO RECOMMEND 
USG SERVICES UHOER PPSA FOR r n l s  A C T I V I T Y ,  DETAILED 
R a T l o N A L E  UILL BE nEEoEo  WHICH FOLLOWS CLOSELY  THE POLICY 
SET FORTH I N  A I D  H.B. 1 2  CH. 1 .0 .1 .  T H l S  WILL  REQUIRE AN 
E w A n s l o n  OF POINT: MADE IN PAGES 59 PND 6 0  OF P r .  
D l S C O S S l O H  SHQULD INO iCATE TO WHAT EXTENT USE OF PRIVATE 
SECTOR COHTRACTORS H A V E  BEEN CONSIDERED. 

--B. Q A T T A R A  HYDRO n n o  R E n r w n s L E  EIERGY f i u T n o R l T r  - THE 
HEAC VlEWEO I N S T I  TUTlONAL OEVELOPMEllT AS CRIT ICAL ,  EVEN 

V I T A L ,  TO PROJECT SUCCESS. CONCERN WAS EXPRESSED AS TO 
QHREA'S C A P l B l l  l TY TO CARRY OUT T H l S  PROJECT AN0 I T  I S  MOT 
CLEAR FROM THE PP VHfTHCR OHREA HAS THE I W ~ T I T U T I O N A L  . 
CAPLBIL  l l Y  NECESSARY TO PARTlClP!TE ACTIVELY SO AS TO 
ACHIEVE PROJECT PURPOSE, OR n o w  Ir P L A N S  T o  o R c n N l r t  r N o  
STAFF TO I R P L l f l E N T  THE PROJECT, INCLUOINC AN I N T E R F I C E  

' WlTH OTHER RESPONSIBLE GOE ORGAWI IAT IO I IS  DURIHG DESIGN AND 
F I E L D  TESTIWC. nl:sloll SHOULD EI~GAGE IN  A DIALOGUE ASAP 
w l T n  a n ~ i ~  T O  C L A R I F Y  PLAIIS FOR INSTITUTIO~IAL D E v E L o P n t N T  
AND I n P L i n E n r f i T l o N  C:PLBILITY O V E R  THE LIFE-OF-PROJECT. 
M B E L I E V E  T n t  P R O J E C T  AGREE~EI IT  ;nouLo II:CLUOE AS A ' 

COt1DIT10l1 PRECEDCN~ PRIOR $0 F I R i T  0I:BURSEHEIIT THE R E -  
W I R E M f t l l  THAT THE COE PROVIDE USPI lO ICA IRO WlTH Al l  
ANALYSIS  OF QWREA'S CURREfIT C A P A B I L I T Y  PtlO PLAN: TO SUPPLY 
l N j T l T U T l O M A l  AN5 ZTAFF RfSOURCE: APPROPRlAT i  TO THE 

PRDJECT PURPOSE. I N  V IEW OF NEAC CONCERN THE NE BUREAU 

:ThTL I 5 1 2 b 1  $I?! JObEbi a l D 4 S l l  
VOllLO L l h t  TO Ot I l l t 3W"EO Or L o t  C A P I C I T Y  Al l0  P L P M X O  
D f V t l O P  I t l : T I T U l l O l l l ~ l  C P P k 8 I L l T Y  Al l0  I M P L i M l N ~ A T I O N  
CIPACITY F O R  r n ~ s  P P O J ~ C I .  

- -C.  I I IFORMIT ION 0 I :C fM lMAI  ION - M1S:iON SHOULD MAKE . 
PROVISIC~I  rou E A R L Y  D E i f l o P n E n T  OF TnE  ROAD OUTIINES OF 

AN INFORMA1 l Ol l  01 :C l f t I ' IM l lO l l  S Y I T C H  x'lO FOR OH-GOING 
DEVELOPll ' l tT 0 1  THPT *.'i:TEn. L n t N I  NOTED THE IMPCilTANCE, 
AN0 ThE C ICULTV &'ID COnPLEXITY ,  OF COIICTRUCTIIIG A 
SYSTEM WICH C A V  VIOELI OI::CMIIIAIE I L P ~ R I E N T I A L  I N F O R ~ A -  
TIOU ro rHo:E P C o p L r  A~IO I R S ~ I T U T I O N S  UHICH SHOULC RECEIVE 
I T .  

-4. ECONOMIC F E A S l i ? l L l l Y  . THE NEAC AGRlES  THAT FURTHER 
ECON081C R I A L Y S I S  SHOULO BE PERFORnED 3URIWG THf F l H P L  
SELECTION OF TECHIIOLOGIES AN0 S I T E  A P P L I C A T I O N S  AtID DURING 
THE COURSE OF THE F I E L D  TESTING, AS OUT1 INEO I N  THE 
SUPPORTING A I A L Y S I S  O ISCUSSION I N  THE *P. FOR THE 
PRESENT, I N  FURTHER ECOllOMlC A l l A l Y S l S  THE FOLLOWlNG PARA- 
METERS ARE SUGCESTEO: IP I  THE F l V E  P t R C E W l  ANNUAL I S C A L -  
A T  ION OF REAL FUEL COSTS, A S  T H E  nnxlnun UPPER RPNGE; 
lilt L TEN PERCENT INTERNAL RATE OF RETURN (CUSTOHARY I N  

AIO P R O J E C T S  I R  E G Y P T )  ANO (c) l n c L u s l o n  OF T H E  COST OF 
CLECTRIC  POWER CEIITRAL GR lO  COI4llECT 1014, OR CTHER SOURCES 
SUCH AS NATURAL GAS, AS AL 'LRNATIVE  CONVENI IOIdAL ENERCY 
SOURCE 1. I N  OTHER L'OROS, 41  l t R N A T I V E  CONVENTIONAL ENERGY 
SOURCES EXPLORED SHOULD BE 1s C c n P R E n E t i s l v E  a s  FEASIBLE. 

--E. TECHNICAL F E A S I B I L  I ' I Y  - THE TECHt4ICAL C R I T E R I A  W l C Y  
MILL GOVERN SELECTION SHCULD BE STATED IN TnE PROJECT 
DESCRIPT ION ANNEX TO THE PROAG. 

--F. F I E L D  TEST SELECTIO I I  - U l S S l O N  SHOUL? C C I l T l N U f  TO 
G I V E  C O N S I D E R ~ T l O N  TO PRIVATE COMPANIES I N  IRCSENT F I E L D  
TEST S I T E S  AS WELL AS TIIE NEW I N I T I A T I V E 5 .  :C:ISIDERLTION 
SHOULD ALSO BE G IVEN TO POSSIBLE  WAYS OF U T I L  1 2 I t i G  
EGYPTIAN P R I V A T E  COUPAWIES I N  THE TO lAL  PROJ iCT .  

--G. nlsslom STAFF  IIIC-GIVEN THE NUMBER PI~O COYPLEXI T Y  OF 
T c c n n l c A L  nno c o n r R n c : l o t l r L  nnrrfus r o  BE MCNlTORiO  BY THE 

mlsslon UNDER THIS PROJECT THE NEAC ~ X P R E S S E O  CONCERN 
W E T H E R  M I S S I O N  PROJECT OVERSIGHT C A P A B I L I T Y  I S  23EPUATE 
AND REQUESTED T H E  n lss lon  T O  G I V E  THOUGHT AS TO 3 ~ 2  T n l s  
C A P A B I L I T Y  MIGHT BE REINFORCEO. 

--H. PACD - ASSUMING O B L l G A T l O N  OF FUNDS L A T E  I N  FY  1 9 8 1  
PACD SHOULO BE CHINGEO TO 1981 TO REFLECT 6 0  HOtlTH PROJECT 
L I F E .  AA /N t  EMPUASILEO THAT THESE DATE3  SHOULO REFLECT 
OUR nos1 REAL IST IC  A s s E s s n E n T  OF PROJECT L IFE .  

1. PRIOR TO AIO/W A U T H O R l l A T l O N  V I S S I O N  WILL  NEED TO 
RESPOND TO RE; ,BI TO PROVIDE DISCUSSION OF THE i ; E L a T l o n -  
S H I P  O r  T H l S  PROJECT TO OUR ENERGY SECTOR ?DL ICY  DIALOGUE 
AND TO ADDRESS THE F E A S l B l l l T Y  OF ALTERNATIVES TO 
GOVERNHEIT LEADERSHIP  I N  THE AREA OF SEIIEUABLE ENERGY 
RESOURCES. T H l S  ISSUE WILL  BE E S P E C I A L L Y  2ELEVANT TO P IRA .  
1 . A .  ABOVE BECAUSE 6URDEN OF PRGUHENT WILL  6E ON X l S S l O N  
T D  E X P L A I N  WHY A GOVERHMENT AGEIICI ,  1101 A P R I V A T E  FIRM, 

SHOULD BE USED AS THE PROJECT MkNAGEMENT E N T I T Y  COR TA. 
STOESSEL 

U N C L A S S  IF I E D  
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E.O. 1 2 0 6 S : R l A  
SUBJECT: RENEWABLE ENERGY F I E L D  TESTING, PROJECT 
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I. THE FOLLOWING ARE n l s s l o M  RESPONSES TO NEAC ISSUES 
STATED I N  CORRESPOHOING PARAS REFTEL C: 

A. RE NASA AS PROJECT nANAGEMENl EN1  ITY, THE M I S S I O N  
nns D f r E R n l N f D  TnAT THE NATURE OF THE F u n c T l o N S  v f l l c n  THE 
RANAGEMERT E N T I T Y  WILL BE ASKED TO PERFORM ARE 'GOVERNMENT 
FUNCTIONS.' NASA L E V I S  I S  PARTICULARLY SUITED TO THESE 
FUNCTIONS AND IS NOT IN C o n p E T l T l o n  u l T n  THE PRIVATE 
SECTOR IM THAT R E G ~ R O .  IN ADOIT ION, NASA HAS BEEN' 
S P E C I F  ICALLY REQUESTED BY THE CDE FDR T H I S  MANAGEMENT ROLE 
AS AN E N T I T Y  W l C H  Y l l l  PROVIDE UNBIAStD ,  QUA1 l T Y  
T E c n n l c A L  ASSISTLICE. AS STATED In n n N o a o o n  11 cnarnn 
4SA3, A I D  Y l l l  BE MONITORING N A S l  AND WILL REQUEST I T  TO 
=. . . M A N ~ E  PROGRAMS REQUIRING VALUE JUOG~ENTS, REVI  EU 
AND APPROVAL Of PROGRAMS.. . . . , COORD 1 N I T  l NG V l  TH 
R E C l P  IENT GOVERNMENTS, INST ITUTIONS,  CONlRACT lNG AND 
r n E  o v r R s l c n r  OF C o N r n A c t o n  OPERATIDIS.. . tncsc 
FUNCTIONS MILL EXIST T n R o u G n o u l  PROJECT IMPLEMENTATION. 
HWEVER, PARTICULARLY WITH REGARD TO SELECTION OF F I E L D  
TESTS i N  COLLABORATION WlTN THE GOVERNMENT INSTITUTIONS,  
USAID IELIEVES A USG AGEncv  s n w L o  IE PROVIOINO THE 
TEcnm ICAL OVERS IGRT. 

C h I R O  1 4 1 1 1  fi1 OF I1 I S 1 4 4 1 1  1 7 1 1  1 1 5 1 ¶ 1  A I O 4 I I I  
1. MISSION COIICURS u l T n  N E c E s s r T v  T O  NAVE AN ANLLYSIS OF 
O(IREA'S C U R l i N l  C A P b B l L  I I V  AYD PLLNS TO SUPPLY 
I N S T I T U I I O N A L  AN0 S I A F F  RESOURCfS. AS M L L  AS I N l L l F A C E  
u l T n  D T n u  R E s r o N s l l i r  c o t  o a c r m l z r r  IONS. 

IIE n A v E  occur DIALOGUE urn onntr ON THIS AND EXPECT TO 
HAVE THE REQUIRED ANALYSIS  BEFORE PRO L C  I S  SIGNED. I F  
TNbT DOES NOT OCCUR, YE SH1LL INCLUDE AS A CP PRIOR TO 
F I R S T  DISBURSEMENT. 

C. PER PACES 1 4 - 2 s  O f  PROJECT PAPER, A I D I U  HAS AGREED 
TO ruaslsn n c n n l c n  r s s l s r a n c r  TO  c s r r s L l s n  AN . 
INFORMAT ION SYSTEM TOR THE PROJLCT. THE PROJECT 
lANAGEMENT CONTRACTOR U l l l  BE R E S P O N S l l L E  FOR F U R l l l S H l N G  
THE OUTLIHE OF THAT s r s T t n  DURING THE F I R S T  THRLE n o w T n s  
DOT PROJECT IMPLEMENTAT ION, WITH D E T A I L E D  IHFORMAT ION 
COLLECTION AND D I S S E M I N A T I O I  SYSTEM TO BE DEVCLOPID AND 
PUT 1 1 1 0  PLACE DURING TNE F I R S T  PROJECT YCRR. 

0. M I S S 1 0 1  WILL INCLUDE NEAC'S SUGGtSTEO PfiRAMETERS I N  
. OW-GOING ECDIOMIC ANALYSES DURING PROJECT I ~ P L E M E N T A T I O t I .  

E. T c c n t i l c A L  CRITERIA HAVE BEEN INCLUDEO IN DRAFT PROJECI 
ABREEMENT. I F  NE HAS S P E C I F I C  UORDIHG FOR C R l l E R l A  
REOUIREMENTS, PLEASE hOVISE. ' 

f. M t S S l O N  Y l l l  SEEK T O  INVOLVE EGYPTIAN P P I V A T E  SECIOR 
CMIPANIES In rnt r r o J r c r  AS nucn AS POSSIBLE DURING ALL 
r n A s E s  OF I l t r L t a E a r r r  lor. 

G. n l s s t o n  MILL BE UTILIZING RESOURCES OF s AND T AS YELL 
AS DRPS. THESE COl rs lNED RESOURCES YE B E L I E V E  T O  BE 
ADEWATE FOR PROJECT OUERSIGHT. . . 

THE M I S S I O H  AND NASA FULLY INTEND THAT THE DVERUHELMlN6 
MAJORITY OF THE PROJECT TECHNICAL SERVICES BE 
SUBCONTRACTED TO THE P R l v n r r  SECTDR IAPPROXI~UTELY 9 1  
PERCENTI . INDEED, DISCUSSIONS u l T n  PRI V A T E  SEROR F Inns 
sucn u B r r r L L t ,  EDI, AND ARrnuR D. LITTLE RESULTED IN 
THOSE F I R M S  STATING THAT THEY PREFER THE ROLE O f  SUB- 
COITRACTDR TO A GOVERNMENT AGENCY sucn AS NASA r r D  WULO 
H L C D R  THE OPPORTUNITY T O  WORK WITH NASA. THE U.S.  
I A T I O W U  LAIORATORIES YERE CONSIDERED AS UCLL - ARGONNE, 
l D U l 0  EWGINEERING, BROOMHfiVEN, JET PROPULSION - AN0 I T  - 
U S  DETERMIHE0 THAT THEY O I D  NOT HAVE THE OVERALL 
TECHNICAL AND MANAGERIM EXPERIENCE I N  REVEVfiBLES AM0 
WULD R ORE APPROPRIATELY PARTICIPATE ON DISCRETE  ORT TI OMS 
OF THE PROJECT RATHER T H U l  AS THE PROJECT M N A G E R  
EWTITY. 

F INALLY,  A CONCCRN REGARDING COST AS STATED Ill HANDBOOR 
11, IBYC: I T  I S  BEL IEVED THAT A P R I V A T E  C Q T l A C T O R  W L D  
CHARGE AN ESTIMATED 1 I I  PERCENT MORE FOR I T S  SERVICES. A .  
D E T A I L E D  COST C3MPIRISON ANALYSIS  CAN BE PERFORMED, I F  

REQUIRED. THE 11I PERCENT FIGURE I S  AM t S T l r U T t  B A S I D  
UPDN OUR P R I V I O J S  CONTRbCTS I N  TNE l N t R 6 Y  SECTOR. 

UNCLASS l F l ED 
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ACTION MEMORANDUM FOR THE ADMINISTRATOR 

THRU : ES 

THRU : AA/PPC, John Bol  t o n  

FROM : AA/NE, W. A n t o i n e t t e  For 

SLIBJECT: Egypt - Use of  NASA as t o n t r a c t o r  f o r  Renewable Energy F i e l d  
T e s t i n g  P r o j e c t  (263-01 23.2) 

Problem: Your s i g n a t u r e  i s  requested on t h e  a t t a c h e d  l e t t e r  t o  James Beggs, 
A d m i n i s t r a t o r  o f  Na t iona l  Aeronaut ics  and Space A d m i n i s t r a t i o n ,  which s o l i c i t s  
t h e  s e r v i c e s  o f  NASA under a  PASA w i t h  A.I.D. f o r  t h e  s u b j e c t  p r o j e c t .  

D iscuss ion:  The $24.1 m i l  1  i o n  Renewable Energy F i e l d  T e s t i n g  s u b - p r o j e c t  was 
a u t h o r i z e d  on J u l y  29, 1982, and t h e  Program Agreement w i t h  t h e  Government o f  
Egypt was s igned on August 29, 1982. The P r o j e c t  Paper c l e a r l y  s e t  f o r t h  t h a t  
s u b - p r o j e c t  implementat ion i s  t o  be conducted th rough  t h e  NASA Lewis Research 
Center as t h e  management e n t i t y .  The i s s u e  o f  c o n t r a c t i n g  w i t h  NASA f o r  t h e  
r o l e  o f  p r o j e c t  manager as w e l l  as f o r  p r o v i d i n g  t e c h n i c a l  a s s i s t a n c e  has been 
f u l l y  reviewed by USAID/Cairo and t h e  Near East  Bureau, and t h e  d e c i s i o n  has 
been made t h a t  t h e  env is ioned  r o l e  f o r  NASA i s  a p p r o p r i a t e  and i n  t h e  b e s t  
i n t e r e s t  o f  t h e  Agency. B r i e f l y ,  t h e  p r o j e c t  o r i e n t e d  and l e g a l  reasons f o r  
t h i s  d e c i s i o n  f o l l o w :  

1  . Whi le t h e  PASA w i l l  be executed f o r  $20 m i l  1  i o n ,  approx ima te ly  92% 
($18.4 m i l l  i o n )  o f  t h i s  sum w i l l  be used f o r  subcon t rac ts  w i t h  p r i v a t e  
s e c t o r  f i r m s .  A  p o r t i o n  o f  t h e  o t h e r  8% ($1 .6 m i l l i o n )  w i l l  be used 
f o r  PSCs. 

2.  Ta lks  on t h e  p r o j e c t  have been ongoing w i t h  GOE o f f i c i a l s  f o r  t h e  l a s t  
t h r e e  years ,  w i t h  t h e  GOE i n d i c a t i n g  a  v e r y  s t r o n g  d e s i r e  t o  work w i t h  
NASA. I t  w i l l  t ake  approx ima te ly  90 days t o  execute  a  PASA w i t h  NASA 
w h i l e  up t o  one and a  ha1 f years  would be r e q u i r e d  t o  o b t a i n  a  pr ime 
c o n t r a c t o r  o u t s i d e  t h e  USG. Based on p rev ious  exper ience,  t h e  Egypt ians 
have con f idence  i n  NASA and NASA i s  knowledgeable about  t h e  p r o j e c t  as 
a  r e s u l t  o f  t h e i r  t e c h n i c a l  a s s i s t a n c e  d u r i n g  t h e  des ign  phase. 

3 .  Whi le  t h e r e  a r e  f i r m s  a v a i l a b l e  i n  t h e  p r i v a t e  s e c t o r  who c o u l d  manage 
t h e  p r o j e c t  and p r o v i d e  t e c h n i c a l  ass i s tance ,  NASA's systems management 
exper ience and fami l  i a r i  t y  w i t h  a  broad range o f  renewable appl  i c a t i o n s  
a r e  un ique.  NASA/Lewis, c u r r e n t l y  i n  t h e  t h i r d  y e a r  o f  a  f i v e  year  PASA 
w i t h  S&T/EY, t y p i c a l l y  s e t s  t e c h n i c a l  s p e c i f i c a t i o n s  based on t h e  r e q u i r e -  

. ments o f  AID, h o s t  c o u n t r i e s ,  and t h e  i n t e r n a t i o n a l  development a s s i s t a n c e  
community . 



Examples a r e  medica l  r e f r i g e r a t o r s  wh ich  were b u i l t  and t e s t e d  i n  accordance 
~ i t h  Wor ld  H e a l t h  O r g a n i z a t i o n  and Center  f o r  Disease Con t ro l  requ i remen ts ,  
and t h e  T u n i s i a n  v i l l a g e  p h o t o v o l t a i c  system which meets Government o f  T u n i s i a  
e l e c t r i c a l  codes. NASA has been i n v o l  ved w i t h  t e r r e s t r i a l  renewable energy  
a p o l i c a t i o n s  s i n c e  t h e  e a r l y  1970s and i s  k e e n l y  aware o f  t h e  d i f f e r e n c e s  
between space and t e r r e s t r i a l  requ i remen ts .  Owing t o  t h e i r  o r i e n t a t i o n  towards 
space a p p l i c a t i o n s ,  t h e y  a p p r e c i a t e  t h e  un ique requ i remen ts  f o r  l ow  maintenance 
and h i g h  r e l i a b i l i t y  f o r  a p p l i c a t i o n s  o f  renewable energy t e c h n o l o g i e s ,  w h i l e  
m a i n t a i n i n g  awareness o f  t h e  r e l a t i o n s h i p  between c o s t  and system r e l i a b i l i t y .  
T h e i r  i nvo l vemen t  i n  o t h e r  AID p r o j e c t s  has p r o v i d e d  v a l u a b l e  exper ience  
which  would be most  r e a d i l y  tapped by  t h e i r  i nvo l vemen t  i n  Egypt .  

4 .  P o r t i o n s  o f  t h e  program o v e r s i g h t  t h a t  w i l l  be i n c l u d e d  i n  t h e  PASA 
cannot  l e g a l l y  be de lega ted  t o  a  non-USG e n t i t y .  I f  we t r y  t o  separa te  
f u n c t i o n s  between o v e r s i g h t  and p u r e l y  t e c h n i c a l  aspec ts ,  we w i l l  
a1 most c e r t a i n l y  l o s e ,  t o  a  s i g n i f i c a n t  degree, manager ia l  coherence.  
The s i z e  o f  t h e  s t a f f  i n  t h e  S&T o f f i c e  i n  C a i r o  as compared t o  t h e  
s i z e  o f  t h e  p o r t f o l  i o  p r e s e n t l y  under  imp1 emen ta t i on  underscores t h e  
need f o r  one e n t i t y  t o  perform t h e  o v e r s i g h t  r o l e .  NASA i s  p e r f o r m i n g  a  
s i m i l a r  f u n c t i o n  i n  T u n i s i a  Renewable Energy P r o j e c t  (664-0325) and has 
c l  e a r l y  demonstrated t h e i  r o v e r a l l  t e c h n i c a l  and ~ n a n a g e r i a l  e x p e r t i s e .  

5 .  NASA w i l l  o n l y  charge AID genera l  and a d m i n i s t r a t i v e  c o s t s ,  n o t  o v e ~ h e a d .  
Th is  w i l l  ensure t h a t  more o f  t h e  p r o j e c t  funds can a c t u a l l y  be used 
f o r  t h e  demons t ra t i on  s i t e s ,  as compared t o  g o i n g  t h e  p r i v a t e  s e c t o r  
r o u t e  w i t h  s i g n i f i c a n t l y  h i g h e r  a t t e n d a n t  overhead c o s t s .  

6.  We checked w i t h  o t h e r  l a b s  - Argonne, Idaho Eng ineer ing ;  Brookhaven, 
J e t  P r o p u l s i o n  - and we a r e  s a t i s f i e d  t h a t  NASA o f f e r s  t h e  b e s t  
t e c h n i c a l  /manager ia l  m ix  f o r  t h i s  p r o j e c t .  

7. Us ing NASA as pr ime c o n t r a c t o r  w i l l  o f f e r  smal l  bus iness and m i n o r i t y  
f i r m s  a  g r e a t e r  chance f o r  b e i n g  awarded s u b c o n t r a c t s  f o r  imp lemen ta t i on  
o f  s p e c i f i c  a c t i v i t i e s .  The PASA scope o f  work w i l l  be w r i t t e n  i n  such 
a  way as  t o  encourage t h i s  i nvo l vemen t .  

AA/PPC does n o t  recommend t h a t  NASA be employed and i n s t e a d  advocates t h e  
use o f  v a r i o u s  p r i v a t e  f i r m s  f o r  r e q u i s i t e  t e c h n i c a l  s e r v i c e s .  T h e i r  
concern i s  one o f  po l  i c y ,  i .e. t h e  p h i 1  osoph ica l  p r e f e r e n c e  o f  t h e  p r i v a t e  
s e c t o r  o v e r  t h e  governmental ,  w i t h  a t t e n d a n t  b e n e f i t s  n o r m a l l y  a s s o c i a t e d  
w i t h  p r i v a t e  e n t e r p r i s e .  The Near East  Bureau f e e l s  t h a t  t h e  recommendation 
t o  secure NASA s e r v i c e s  t h r o u g h  a  PASA i s  c o n s i s t e n t  w i t h ,  and t h e  o p t i o n  
most i n  f u r t h e r a n c e  o f ,  b o t h  FAA S e c t i o n  621 and OMB C i r c u l a r  A-76. 
P r i v a t e  e n t e r p r i s e  w i l l  be used e x t e n s i v e l y ,  w h i l e  government manager ia l  
f u n c t i o n s  a r e  p r o p e r l y  r e t a i n e d  i n  a  procurement made e x a c t i n g  t h e  
l o w e s t  t o t a l  c o s t .  



When t h e  p r o j e c t  a u t h o r i z a t i o n  package was presented f o r  s i g n a t u r e ,  memoranda 
were a t t a c h e d  o u t l i n i n g  t h e  views o f  NE and PPC Bureaus on t h e  use o f  NASA. 
Whi le  t h e  d e c i s i o n  on t h e  use o f  NASA d i d  n o t  have t o  be made a t  t h a t  t ime,  
t h e  a u t h o r i z a t i o n  was s igned  w i t h o u t  comment. 

Recommendation : That  you c l e a r  t h e  a t t a c h e d  1  e t t e r  t o  James Beggs r e q u e s t i n g  
t h a t  NASA manage and p r o v i d e  t e c h n i c a l  a s s i s t a n c e  under t h e  Egypt Renewable 
Energy F i e l d  T e s t i n g  P r o j e c t .  

- 
7hc PPC &-%c% hi LW%4 4 



! 4 OCT I982 

ACTION MEMORANDUM FOR THE ADMINISTRATOR . . 

THROUGH: ES 

FROM: AA/PPC - Frederick W. Schieck (Acting) 
6 

SUBJECT: Egypt: Use of NASA as Contractor for. Ren ab-le Energy 
Fie1 d Testing Project (263-01 232) 

I 

Problem: 'The NE Bureau i s  forwarding for your signature a l e t t e r  
to James Beggs, Administrator for  National Aeronautics and Space 
Administratt~n, to request the services of NASA under a PASA w i t h  . 

A.I.D. for subject project. PPC recornends that the private 
sector should provide the technical assistance to the GOE, rather 
than a U. S. Government Agency, and that  i f  USAID/Egypt needs 
NASA help with project management, a much narrower scope should be 
es tab1 i shed. - 
Discussion: When the subject project came forward for pro ect 
authorization in July, Mr. Bolton attached an action memo See Tab A)  

private sector provide technical assistance to  the GOE for 

il 
detailing PPC's reasons ( that  remain valid) for  urging that the 

implementation of the project. 

PPC continues to believe we should - not employ NASA for the technical 
assistance. Such action would forego our emphases on expanding 
the private sector role for those activi t ies where private sector 
participation i s  most appropriate and in addition i s  inconsistent 
with the Reagan Administrati on's domestic energy pol icy. 

We have the following additional comments that  respond to points 
made i n  the NE action memo: 

--To argue as NE's memo does that a substantial 
portion of the work will be subcontracted to the 
private sector f a i l s  t o  address the central issue: 
What are the parameters, and who frames them, for 
private sector involvement? PPC believes the private 
sector should perform this  function. 

--The NE Bureau substantially overstates the time 
and cost dimensions when i t  claims that i t  would 
take 18 months to  obtain a prime contractor. If we 
accept the NE lines of argument, A.I.D. would never 
contract with private firms for technical assistance, 
because i t  would always take longer and cost more. 



--NASA1 s  systems management experience and capabi 1  i t y  
i s  n o t  on ly  no t  unique, bu t  i t br ings a  very d i f f e r e n t  
mind se t  t o  the preparat ion of techn ica l  spec i f i ca t ions  
than t h a t  o f  a  p r i va te  firm invo lved w i t h  comnercial 
appl i ca t ions .  The Mission argues t he  preparat ion o f  the 
spec i f ica t ions i s  a  "government functiorill:; i t '  i s  # 

p rec ise ly  t h i s  funct ion t h a t  should be performed by the 
p r i v a t e  sector. 

--If the USAID wishes t o  supplement i t s  p r o j e c t  manage- 
ment r e s p o n s i b i l i t y  w i t h  a  PASA w i t h  NASA, we have no 
object ion.  We do ob jec t  t o  confusing (and merging) ' 

A. I .D. I s  responsibi 1  i t y  f o r  p r o j e c t  management w i t h  
the p rov is ion  o f  t he  technical  assistance. Rather 
than 1  osing managerial coherence w i t h  t h i s  separation, 
as NE claims, we be l ieve p ro j ec t  management i s  made 
cleaner and more e f f i c i e n t .  

--We can and should assure small business and m i n o r i t y  
contract ing.  However, we do no t  need t o  cont ract  w i t h  
another USG agency t o  assure these ob ject ives a re  met, on 
t h i s  p ro j ec t  o r  any other. 

* 

Recormendation: That you do no t  s ign the l e t t e r  t o  NASA, and request 
t he  Mi7ssion t o  negot iate w i t h  the  GOE t o  u t i l i z e  a  p r i va te  firm 
t o  provide the  required techn ica l  assistance. I f  the Mission 
needs support f o r  p ro j ec t  management, the PASA w i t h  NASA could 
r e a d i l y  be rest ruc tured t o  1  i m i t  NASA's r o l e  t o  these a c t i v i t i e s .  

Attachment: 

~ a b  A - Bol ton  memo, 7/26/82. 

cc: AA/NE - Ms. Ford 
S&T/EY - Mr.  Vanderryn 
PPC/PDPR - Mr.  E r i  ksson 



Dear Dr. Beggs: 

The purpose  of t h i s  l e t t e r  i s  t o  r e q u e s t  t h e  p a r t i c i p a t i o n  of NASA Lewis 
Research  Cen te r  i n  t h e  newly approved Renewable Energy F i e l d  T e s t i n g  P r o j e c t  
i n  Egypt. The r o l e  e n v i s i o n e d  f o r  NASA i s  that of p r o j e c t  management on 
behal f  of t h e  A I D  Miss ion  t h e r e .  

A s  a  r e s u l t  of t h e  1978  J o i n t  U.S.-Egypt Energy Resources  Assessment,  AID 
began d i s c u s s i o n s  w i t h  t h e  Egypt ian  M i n i s t r y  of E l e c t r i c i t y  and Energy 
c o n c e r n i n g  fol low-on e n e r g y  p r o j e c t s .  The k w i s  Research  C e n t e r ' s  known 
e x p e r t i s e  i n  renewable  e n e r g y  t e c h n o l o g i e s ,  r e s u l t e d  i n  t h e  USAID/Cairo 
Miss ion  r e q u e s t  t h a t  i t  d e v e l o p ,  i n  c o l l a b o r a t i o n  w i t h  a n  Egypt ian  c o u n t e r p a r t  
team, a  Renewable Energy F i e l d  T e s t i n g  P r o j e c t .  The $24 m i l l i o n  p r o j e c t  t h a t  
r e s u l t e d  f rom t h i s  e f f o r t  was approved by AID i n  May of t h i s  y e a r ,  and the  
p r o j e c t  agreement w i t h  t h e  Government of Egypt was s i g n e d  on August 29,  1982. 

The f i v e  y e a r  p r o j e c t  w i l l :  

A. Conduct f i e l d  tests on s e l e c t e d  renewable ene rgy  t e c h n o l o g i e s  t o  
d e t e r m i n e  t h e  t e c h n i c a l ,  economic and s o c i a l  f e a s i b i l i t y  i n  a v a r i e t y  of 
Egyp t i an  i n d u s t r i a l ,  a g r i c u l t u r a l  and remote s e t t i n g s .  

B. E s t a b l i s h  a n  i n f o r m a t i o n  sys tem t o  c o l l e c t  and d i s s e m i n a t e  d a t a  on t h e  
proposed f i e l d  tests on a c o n t i n u i n g  b a s i s  t o  s u p p o r t  p o l i c y  and 
inves tmen t  d e c i s i o n s ,  a s  w e l l  a s  r e p l i c a t i o n  of t h o s e  a p p l i c a t i o n s  which 
are most p romis ing  i n  a f i v e  t o  t e n  y e a r  t i m e  frame.  

C. P rov ide  t r a i n i n g ,  e d u c a t i o n  and o p e r a t i o n a l  e x p e r i e n c e  t o  p o t e n t i a l  
u s e r s  of renewable e n e r g y  sys tems and Egypt ian  dec i s ion -ake r s  t o  enhance 
and a c c e l e r a t e  t h e  b u i l d i n g  of t h e  r e q u i r e d  t e c h n i c a l  i n f r a s t r u c t u r e .  

D. Provide  t h e  means t o  e v a l u a t e  and s u p p o r t  new i n i t i a t i v e s  i n  t h e  form 
of s t u d i e s  and f i e l d  t e s t s  which may e v o l v e  as t h e  s o l a r  e n e r g y  
t e c h n o l o g i e s  a r e  proven and a c c e p t e d  i n  t h e  Egyptian envi ronment .  

D r .  James M. Beggs, A d m i n i s t r a t o r  
N a t i o n a l  Aeronau t i c s  and Space A d m i n i s t r a t i o n  
NASA Headquar ters  
Washington, D. C. 20546 
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In  o rde r  t o  accomplish t he  above, a s t r ong  p r o j e c t  management/coordination 
e n t i t y  i s  e s s e n t i a l .  The Government of Egypt has s p e c i f i c a l l y  requested t h e  
p a r t i c i p a t i o n  of NASA a s  a t r u s t e d  U- S government agency whose management 
s t y l e  and t e c h n i c a l  e x p e r t i s e  i t  f e e l s  i s  necessary f o r  t h e  succe s s fu l  
implementation of t h i s  p r o j e c t .  

It i s  our  considered op in ion  t h a t  NASA Lewis Research Center has  t h e  uniquely 
q u a l i f i e d  personnel  who have shown themselves capable  of working c l o s e l y  wi th  
t h e  Egyptians and could s e rve  t o  upgrade Egyptian c a p a b i l i t y  i n  t h i s  most 
important  a r ea .  The Center has  shown ou ts tand ing  a b i l i t y  t o  a s s i s t  i n  t h e  
implementation of o t h e r  A I D  p r o j e c t s ,  e s p e c i a l l y  i n  t h e  a r e a  of p r o j e c t  
management i n  Tunis ia  and Upper Volta. For t he  fo rego ing  reasons ,  A I D  
cons iders  NASA i npu t  t o  be i nva luab l e  f o r  t he  success  of t h i s  p r o j e c t .  

A I D ' S  economic a s s i s t a n c e  program i n  Egypt is  i t s  l a r g e s t  program i n  t h e  
world,  t o t a l l i n g  approximately $1 b i l l i o n  p e r  year .  The successf u l  
implementation of t h i s  p r o j e c t  w i l l  have enormous p o l i t i c a l  a s  w e l l  a s  
economic impact. I n  add i t i on ,  it should open a s i g n i f i c a n t  market f o r  U.S. 
p r i v a t e  s e c t o r  involvement i n  s o l a r  technologies .  

I look forward t o  r e ce iv ing  your p o s i t i v e  response t o  t h i s  reques t  i n  t he  very  
near  f u t u r e  s o  t h a t  w e  may commence what w e  a n t i c i p a t e  t o  be a most f r u i t f u l  
c o l l a b o r a t i v e  e f f o r t .  In  development w e  a r e  one. 

S ince r e ly ,  

M. P e t e r  McPherson 
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A.I.D. Project No. 263-0123 

Activity No. 123.2 

Activity Grant Agreanent 

Dated August 29, 1982 

Between 

?he Arab Republic of Egypt ("Grantee") 

And 

l'he United States of Pmerica, acting through the 

Agency for International Developnt ("A. I .D. ") . 

Article 1: The Agreement 

l'he purpose of this Agreement is to set out the understandings of 

the parties named above ("Parties"), with respect to the undertaking by 

the Grantee of the Activity described below and with respect to the 

financing of the Activity by the Parties. 

Article 2: The Activity 

SECTION 2.1 Definition of Activity. The Activity, which is 

further described in Annex 1, will assist the Grantee to collect data on 

selected renewable energy field tests which will permit the Grantee to 

determine the technical, econanic and cultural feasibility of utilizing 

renewable energy technologies in Egypt. 



Annex 1, attached, amplifies the above definition of the 

krivity. Within the limits of the aimve definition of the Activity, 

C: ewnts of the amplified description stated in Annex 1 may be changed by 

wcitten agreement of the authorized representatives of the Parties n d  

I- Section 8.2., without formal amendment of this Agreanent. 

The Parties are planning this Activity as part of the Energy 

Policy and Renewable Energy Field Testing Project which, it is expected, 

will include the activities to be undertaken under this present 

Agreement, the Energy Policy Planning Activity which is governed by a 

separate agreanent and one additional activity for Utility Management. 

The latter activity is now under design and may later be added to the 

Project under a third agreanent. 

SECTION 2.2. Incremental Nature of Activitv. 

(a) A.I.D.'s contribution to the Activity will be provided in 

incranents, the initial one being made available in accordance with 

Section 3.1 of this Agrewent. Subsequent increments will be subject to 

avzilability of funds to A.I.D. for this purpose, and to the mutual 

agreement of the Parties, at the time of a subsequent increment, to 

proceed. 

(b) Within the overall Activity Assistance Cunpletion Date stated 

in this Agreement, A.I.D., based upon consultation with the Grantee, may 

specify in Project Implementation Letters appropriate time periods for 

the utilization of funds granted by A.I.D. under an individual incranent 

of assistance. 
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Article 3 : Finfincine, 

SECTION 3.1. The Grant. TO assist the  Grantee t o  meet the  cos t s  

of carrying ou t  the Act ivi ty  , A.1 .D. , pursuant t o  the  Foreign Assistance 

A c t  of 1961, a s  amended, agrees to grant  the  Grantee under t he  terms of 

t h i s  Agreemnt not  t o  exceed Five Mill ion ?hree Hundred Thousand United 

S t a t e s  ("U. S. ") Doilars ($5,300,000) ("Grant"). 

?be Grant may be used to  finance foreign exchange cos t s ,  a s  

defined i n  Section 6.1, and l oca l  currency cos t s ,  a s  defined i n  Section 

6.2, of goods and se rv ices  required fo r  the  Act ivi ty ,  except t h a t ,  unless 

the  Par t i es  otherwise agree i n  wri t ing,  Local Currency Costs financed 

under the Grant w i l l  not  exceed t he  equivalent of One Million U.S. 
, , 

Dollars ($1,000,000). 4 ' 

SECTION 3.2. Grantee Resources fo r  the Activity.  

(a) R e  Grantee agrees t o  provide o r  cause t o  be provided f o r  the  

Activity a l l  funds, i n  addi t ion t o  the  Grant, and a l l  o ther  resources 

required t o  carry  out t he  Act ivi ty  e f fec t ive ly  and i n  a timely manner. 

(b) The resources provided by Grantee f o r  the  Act ivi ty  w i l l  be 

not less than t he  Egyptian Pound equivalent of  One Million U.S. Dollars 

($1,000,000), i x l r d i n g  cos t s  borne on an "in-kind" basis .  

SECTION 3.3. -- Activi ty  Assistance Canp l e t i o n  Date. 

(a) 'Ihe "Activity Assistance Ccmpletion   ate" (AACD), which is  

August 28, 1987, or such o ther  da t e  a s  the  Pa r t i e s  may agree t o  i n  



i ,  is the date by which the Parties estimate that all services 

-lam =d under the Grant will have been performed and all goods financed 

-2er t k  Grant will have been furnished for the Activity as contemplated 

ir! t3is Agreent. 

(b) Except as the Parties may otherwise agree in writing, A.I.D. 

,<.II ngt issue or approve docunentation which would authorize 

disbursement of the Grant for services performed subsequent to the AACD 

or f r  goods furnished for the Activity, as contemplated in this 

Agreanent, subsequent to the AACD. 

(c) Requests for disbursement , accanpanied by necessary 

s.qporting docunentation prescribed in Project Implenentation Letters are 

'PC received by A.I.D. or any bank described in Section 7.1 no later 

than nine (9) months following the AACD, or such other period as the 

Parties rnay agree to in writing. After such period, A.I.D., giving 

n3tice in writing to the Grantee, m y  at any time reduce the mount of 

the Grant by all or any part thereof for which requests for disbursenent, 

accanpanied by necessary supporting docunentation prescribed in Rojecr 

Implementation Letters, were not received before the expiration of said 

r e r i d .  

Article 4: Conditions Precedent to Disbursement 

SECTION 4.1. First Disbursement. Prior to any disbursement or to 

the issuance of any cannitment docunents for funds made available unde~ 

this Agreement, the Grantee shall, except as the Parties may otherwise 
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agree in writing, furnish to A.I.D. in satisfactory form and substance a 

statement of the names and titles of the persons who will act as the 

representatives of the Grantee, together with a specimen signature of 

each person specified in such statanent . 

SECTION 4.2. Additional Disbursment. Prior to any disbursment 

or to the issuance of any carrnitment docunents fran funds made available 

under this Agreement for the long-term technical assistance contractor, 

the Grantee shall, except as the Parties may otherwise agree in writing, 

furnish to A.I.D. in satisfactory form and substance the names of those 

persons who will be serving as Activity and assistant Activity managers 

for implementation. 

SIXTION 4.3. Terminal Dates for  condition^ Precedent. If all of 

the conditions specified in Section 4.1 have not been met within 30 days 

from the date of this Grant Agreement, or such later date as the Parties 

may agree to in writing, A.I.D. may terminate this Agreanent by written 

notice to Grantee. 

If all of the conditions specified in Section 4.2 have not been 

met within 60 days fran the date of this Agreement, or such later date as 

the Parties may agree to in writing, A.I.D. may cancel the then 

disbursed balance of the Grant, to the extent not irrevocably cmitted 

to third parties, and may terminate this Agreanent by written notice to 

the Grantee. 



S E T I O N  4.4. Notification. When the conditions precedent 

specified in Section 4.1 and 4.2 have been met, A . I . D .  will pranptly 

notify the Grantee. 

Article 5: Special Covenants. 

SECTION 5.1. Activity Evaluation. The Parties agree to establish 

an evaluation program as part of the Activity. Except as the Parties 

otherwise agree in writing, the program will include, during the 

implenentation of the Activity and at one or more points thereafter: 

(a) evaluation of progress toward attaimnt of the objectives of 

the Activity; 

(b) identification and evaluation of problem areas or constraints 

which may inhibit such attaimt; 

(c) assessment of how such information may be used to help 

overcane such problems; and 

(d) evaluation, to the degree feasible, of the overall 

develo~ment impact of the Activity. 

SECTION 5.2. Organizational and Cammication Links. ?he Grantee 

agrees to establish the organizational and carmunication links necessary 

to coordinate activities under this Agreenent and to exchange information 

m n g  the participating canpanies, universities, CARE, OEPA and the 

concerned ministries. 



SECTION 5.3. Personnel. The Grantee agrees to take appropriate 

action to establish and fund a mechanism by which Qattara Hydro Renewable 

Energy Project Authority may procure sufficient personnel for each year 

of the Activity as necessary for successful implanentat ion. 

Article 6: Procuranent Source 

SECTION 6.1. Foreign Excharge Costs. Disbursanents pursuant to 

Section 7.1 will be used exclusively to finance the costs of goods and 

services required for the Activity having their source and origin in the 

United States (Code 000 of the A.1 .D. Geographic Code Book as in effect 

at the time orders are placed or contracts entered into for such goods or 

services) ("Foreign Exchange Costs") , except as A. I .D. may otherwise 

agree in writing, and except as provided in the Project Grant Standard ' 

Provisions h e x ,  Section C.l(b) with respect to marine insurance. 

SECTION 6.2. h a 1  Currency Costs. Disbursements pursuant to 

Section 7.2. will be used exclusively to finance the costs of goods and 

services required for the Activity having their source and, except as the 

Parties may otherwise agree in writing, their origin in Egypt ("Local 

Currency Costs"). 

Article 7: Disbursement 

SECTION 7.1. Disbursement for Foreign Exchaqge Costs. 

(a) After satisfaction of conditions precedent, the Grantee may 

obtain disbursements of funds under the Grant for the Foreign Exchange 



Costs of goods or services required for the Activity in accordance with 

the terms of this Agreanent, by such of the following methods as may be 

mutually agreed upon: 

(1) by suhnitting to A. I .D., with necessary supporting 

docmentation as prescribed in Project Lmplementation Letters, (A) 

requests for reimdurswent for such goods or services, or, (B) requests 

for A.I.D. to procure c d i t i e s  or services on Grantee's behalf for the 

Activity; or, 

(2) by requesting A.I.D. to issue Letters of Carmitment for 

specified amounts (A) to one or more U.S. banks, satisfactory to A.I.D., 

cmitting A.I.D. to reimburse such bank or banks for payments made by 

them to contractors or suppliers, under Letters of Credit or otherwise, 

for stkl'l goods or services, or (B) directly to one or more contractors or 

suppliers, cannitting A.I.D. to pay such contractors or suppliers for 

such goods or services. 

(b) Banking charges incurred by Grantee in connection with 

Letters of Carmitment and Letters of Credit will be financed under the 

Grant unless Grantee instructs A.I.D. to the contrary. Such other 

charges as the Parties m y  agree to may also be financed under the Grant. 

SECTION 7.2 Disbursement for Local Currency Costs. 

(a) After satisfaction of conditions precedent, the Grantee may 

obtain disbursements of funds under the Grant for Local Currency Costs 

required for the Activity in accordance with the terms of this Agreanent, 

by suhitting to A. I .D. , with necessjry supporting docunentat ion as 



prescribed i n  Project  knplanentation Letters, requests  t o  f inance such 

costs. 

(b) ?he l oca l  currency needed fo r  such disbursements may be 

obtained by acqu is i t ion  by A.I .D.  with U.S. d o l l a r s  by purchase. 'Ihe 

U.S. dol la r  equivalent of t h e  l oca l  currency made ava i lab le  hereunder 

w i l l  be the  amount o f  U.S. d o l l a r s  required by A.I.D. to obta in  t he  local  

currency. 

SECTION 7.3. Other Form of Disbursement. Disbursements of t h e  

Grant may a l s o  be made through such other  means a s  t h e  Pa r t i e s  may agree 

t o  i n  writ ing.  

SECTION 7.4. Rate of Exchawe. Except a s  may be wre 

spec i f i ca l ly  provided under Section 7.2, i f  funds provided under t he  

Grant a r e  introduced i n t o  Egypt by A. I .D. or any public or pr iva te  agency 

f o r  purposes of carrying out  obl igat ions  of A.I.D. hereunder, t he  Grantee 

w i l l  make such arranganents a s  may be necessary s o  t h a t  funds may be 

converted i n t o  currency of t he  Arab Republic of Egypt a t  the  highest  r a t e  

of exchange prevai l ing and declared fo r  foreign exchange currency by t he  

canpetent au tho r i t i e s  of the  Arab Republic of Egypt. 

Article 8: Miscellaneous 

SECTION 8.1. Conmunications. Any not ice ,  request ,  docunent, or 

other  carmunication suknit ted by e i t h e r  Party t o  t he  other  under t h i s  

Agreement w i l l  be i n  writing or by telegram or cable,  and w i l l  be deemed 



duly given or sent when delivered to such Party at the following 

addresses : 

To the Grantee: 

Ministry of Investment 
and International Cooperation 
8 Adly Street 
7th Floor' 
Cairo, Egypt 

A. I.D. 
U.S. Embassy 
Giro, Egypt 

To the Implementing Organizations: 

Ministry of Electricity and Energy 
Abbassia, E%ypt 

Qattara Hydro Renewable Energy 
Project Authority 
Garden City 
Cairo, Egypt 

All such comnunications will be in English, unless the Parties 

otherwise agree in writirg. Other addresses may be substituted for the 

above upon the giving of notice. 

SECTION 8.2. Representatives. For all purposes relevant. to this 

Agreement, the Grantee will be represented by the individual, holding or 

acting in the office of the Deputy Prime Minister for Econanic and 
- 

Financial Affairs and Minister of Investment and International 

Cooperation, Minister of Electricity and Energy, or the Administrator 



of the Department for Econanic Cooperation with U.S.A. , and A . 1  .D. will 

be represented by the individual holding or acting in the office of 

Director, USAID, each of whm, by written notice, may designate 

additional representatives for all purposes other than exercising the 

power under Section 2.1 to revise elmnts of the amplified description 

in Annex 1. The names of the representatives of the Grantee, with 

specimen signatures, will be provided to A. I .D., which may accept as duly 

authorized any instrunent signed by such representatives in 

implementation of this Agreement, until receipt of written notice of 

revocation of their authority. 

SECTION 8.3. Standard Provisions Annex. A '"Project Grant 

Standard Provisions Annex" (Annex 2) is attached to and forms part of 

this Agreement. For the purposes of such annex, this Agreanent shall be 

deemed to be the Project Grant Agreenent . 

IN WI'INESS WHEREOF, the Arab Republic of Egypt and the United 

States of herica, each acting through its respective duly authorized 

representatives, have caused this Agreement to be signed in their names 

and delivered as of the day and year first above written. 

ARAB REPUBLIC OF E G m r  UNITED STATES ,OF AMERICA 

. NAME : M. A. Fattah Ibrahim NAME : Henry ~recht 

TITLE: Deputy Prime Minister for TITLE: Charge d'Affaires a.i. 
Ecmanic and Financial Affairs 
and Minister of Investment 
and International Cooperation 



:?** BY : 

Lskandar NAME : Owen Cylke 

1: Ahinistrator of the Department TITLE: Acting Director, 
for Economic Cooperation USAIDICa iro 
~ 7 ; ~ b  U.S.A. 

Implenenting Organization 

~cknowledganent of the foregoing Agreanent, the representative of the 

.ementing Organization has subscribed his name: 

MIhT57RY OF ELECIRICITY AND 
mGY f 

I .  

U 
NPME : Mohamed Maher Abaza 

TITLE: Minister of Electricity 
and kergy 



ANNEX1 
ACT; VITY DESCRIPTION 

I. - S m r y  Project Description 

'The Project is ccmposed of three activities, one of which, Renewable 
Energy Field Testing, is authorized by this Agreement. Another activity, 
Energy Policy Planning. is authorized by a separate agreanent. The third 
activity, Utility Management, is expected to be added to the Project at a 
later time by an additional %reant. The overall Project goal is the 
efficient utilization of Egypt s extensive and increasingly canplex range 
of energy resource options. The Project is designed to deal with three 
of the major problms which have been identified as needing urgent 
attention fcr their impact upon the econanic and social developnt of 
the country and, as such, are intimately related to each other. 

Strengzhening overall national energy, economic and technical 
planning, as well as managent capability, will enable the Grantee to 
analyze various energy supply options and develop a sound program to 
identify energy denand and the capability to implwent it in a more 
efficient manner. IK is expected that these analyseg; bill also result in 
a better ~mderstanding of the technical and econanic characteristics of 
renewable energy resource systems and thereby help to convince 
decision-makers within the Goverrment of Egypt and donor organizations to 
consider renewable energy as having important potential in Egypt's future 
energy resources. 

Although renewable enerl:y resources are not now econanically 
attractive to the end-user in Qypt because of heavy subsidies on fossil 
fuel-based energy, the Govemnt of kypt is moving toward reducing sane 
of those subsidies. In the meanwhile, the Renewable Energy Field Testing 
Activity will permit the G~verr~nent of Egypt to evaluate the 
apprcpriateness of renewable techno1q:ies fran a technical, cultural and 
econcrnic (based on world energy prices) point of view. Then, when energy 
prices in Egypt approximate world market prices, the Goverrment of Egypt 
will be able to move more confitlently in the use of renewable energy. 

It is envisioned that the third activity, Utility Managent, will 
be closely coordinated with the other tw:, activities. 

BEST AVAILABLE COPY 



A. Energy Policy Planniq 

?he Energy Policy Planning Activity will be directed toward 
institutionalizing within the Goverrxnent of Egypt the capacity to collect 
and analyze data necessary for national energy planning. 'Ihis will be 
acccmplished by providing technical assistance, on-the-job training, 
selected long-term training and appropriate hardware in order to upgrade 
capabilities in energy economics, analysis, technology, conservation, 
information systans management and systems analysis. 

Activities in renewable energy must also be closely field tested in 
Egypt and coordinated with all other power sector activities. The Energy 
Policy and Plannirig activity will seek to encourage such coordination by 
enhancing the Egyptian capacity to plan renewable energy development as 
part of its overall energy development plan. 

Renewable bergy Field Testix 

In view of the potentially important role of renewable energy 
resources in kypt and the likelihood that the Government of Egypt will 
soon move forward on the issue of adjusting energy pricing, the Parties 
have developed an activity to field test, at selected sites, proven, 
comnercially available, renewable energy technologies. 

The tests will determine the feasibility of a variety of 
applications, ranging fran wind energy for electricity generation to solar 
energy for water punping. An important part of this activity will be to 
select those types of renewable energy which appear to have the best 
chance for being canpetitive at world energy prices. Testing will require 
monitoring and follow-up of actual maintenance and operating expenditures 
associated with the renewable energy applications being tested in order to 
determine their costs as canpared to carrpeting energy sources. Tbe field 
tests will be coupled with an education, training and pranotion activity 
which will seek to enhance the awareness of Egyptians on the potential of 
renewable energy in Egypt. However, the main purpose of these activities 
is to test the viability of renewable energy technologies in Egypt so that 
as the energy pricing structure changes, those technologies which have 
already been proved successful will be ready to cane into widespread use. 

C. Utility Management 

A joint detailed review and assessment of the current and planned 
managanent developnent program efforts of both the Egyptian Electricity 
Authority ("EEA") and the Rural Electrification Authority ("REA'') , is 
being undertaken. Recarmendat ions will be translated into an appropriate 
activity. An understanding of the current organizational structure, 
admininstrative practices and procedures and managerial roles, is 
essential for the technical assistance required for expanding the power 
sector. 



Utility managanent capabilities must be strengthened while assistance 
in policy planning and analysis is underway so that policy decisions which 
must be translated by managwent into implentable programs will be 
carried out by a cadre of well-trained persons. 

11. Detailed Description for the Renewable Energy Field Testing Activitv 
(Activity No. 123.2) 

1. General Activity Description 

?he Renewable Energy Field Testing Activity has four major elenents, 
viz. Field Tests, Supporting Analyses, Training and New Initiatives, 
through which the Grantee will: 

o Collect and analyze information on selected renewable energy 
technologies in order to determine their technical, econanic and 
social feasibility; 

o Provide on-going technical support to the 'subproject through 
establishnent of a broader data base, social, econanic and 
market analyses, and supporting studies to evaluate existing 
field tests, identify new opportunities for renewable 
technologies and energy conservation, and determine where 
maximun impact fran systw replication is possible, as well as, 
provide planning support for interfacing with other Egyptian 
programs and follow-on activities; 

o Provide training in system operation and maintenance to support 
and accelerate the building of the requisite technical 
infrastructure; also, provide information dissemination and 
technology transfer through training activities and operational 
experience to encourage acceptance and growth of renewable 
energy technologies; and 

o Review, evaluate and support appropriate new initiatives in 
renewable energy to pranote acceptance and replication in 
related industrial, agricultural and remote applications. 

a. Field Tests 

The Renewable Energy Field Testing activity will emphasize field 
testing of various technologies for Grantee-identified, high-priority 
needs and applications. Eleven applications involving four basic solar 
technologies have been selected and are recarmended for field testing. 
Final selection of field tests will be based upon detailed analyses of 
available technologies to accanplish the individual field test 
objectives. System definitions of contending concepts, using actual 
application data, will be prepared and evaluated so that the final 
decision by A.I.D. and Qattara Hydro and Renewable Energy Roject 
Authority ("QHREA") to proceed with each field test and its configuration 
will be based upon the best technical, social and econanic options. 



b. Supporting Analysis 

This elanent will provide critical data and analysis needed for 
decision-making and activity implanentation and will include four tasks: 
(1) The definition of additional candidate renewable energy technologies 
and applications and associated field tests; (2) the acquisition and 
analyses of technical and social data and the developnent of design and 
performance specifications required for specific field tests; (3) 
continuing economic and enviromntal analyses covering both currently 
planned and future field tests of renewable energy applications; and (4) 
the establishnent of an information system on this and other Egyptian 
renewable energy activities as well as state of the art developments which 
will permit a judgment as to the feasibility of their replication within 
five to ten years. 

(1) A nunber of renewable energy applications have keen 
identified for potential field tests. The Parties will further analyze 
and define possible applications so that technical design parameters, 
size, and location of field tests are optimized. Once all of the 
pertinent information has been acquired for a specific application, 
analyses will be carried out to select the preferred field test sites. 

(2) In the majority of the field tests proposed for 
implanentation in this activity, design and performance specifications can 
be developed by analysis of existing data and a limited survey of 
technical requiranents for each site. However, it is expected that, in 
sane cases, existing data will be inadequate and potential sites will have 
to be more thoroughly instrunented to obtain all the required technical 
data. Examples include the acquisition and analysis of wind data, 
enviromntal conditions (sand, salt spray, water quality, and wind 
loadings) and plant operational and process heat requirements. Social 
data collection, will form part of the infomation systan (task 4). 

(3) The third task of this activity element involves several 
types of analysis to develop data necessary for the design of current and 
selection of future field tests within the activity. One class of 
analysis involves an intensive examination of the cost-effectiveness of 
the renewable energy technologies relative to conventional energy 
scurces. The analysis will consider the effect of reduced solar system 
costs as a result of improvements in technology or higher production rates 
for solar systems; or the increased cost of conventional energy due to 
higher fuel costs; and considerations of system reliability, operations 
and maintenance, and fuel availability and transport. New cost-effective 
solar applications may also be identified based on these same factors. A 
second type of analysis will examine the size of the potential Egyptian 
market for various solar applications as a function of the energy 



requiranent of the application, i.e., the nunber of shallow well pumpirg 
installations as a function of the required punping energy. This type of 
analysis will be used to identify specifications for the optimun size of 
solar energy sources for different applications within Egypt. The 
analysis may also determine that certain sources may be cost effective for 
a nunber of different applications if they are within a given size range. 
In addition, continuous envirorcnental analysis will be conducted on the 
field tests so that information can be made available on their impact. 

(4) Task four, the establishnent of an information system on 
Egyptian renewable-energy projects, wi 11 provide a mechanism for 
collect ion of social, enviromntal, inst i tut ional, econanic and technical 
data on a continuing basis. The information will be important not only 
for activity monitoring and evaluation, but also for providing the basis 
for decision-making for future Egyptian activity in renewable energy. It 
is anticipated that the method of data collection used in the activity 
will be utilized for all other renewables projects so that a set of easily 
canparable, canprehensive data will be generated for analysis and 
dissemination. 

In order to have canparative data it will be necessary to collect, for 
example : 

i. Data on system design and on adaptations in system design. 

ii. Data on rneasurents which are mostly physical data; that is, 
measurements of energy availability in sun, water, bianass of 
energy inputs and outputs for a system; operating data and data 
on work actually acccmplished by a system measured in other than 
direct energy output. 

iii. Impact and effectiveness data on both the technology and the 
project implementation strategies in telms of econcmic, social 
and envirormental criteria. 

'Ihe analysis of the data provided by the information systan will be 
utilized by the Supreme Council on Renewable Energy. 'Ihe information will 
be fed into the energy data bank of and be utilized by the Organization 
for Energy Policy and Analyses (OEPA) which will be seeking, in 
cooperation with this subproject, to provide information and analysis on 
the proper role of renewable energy in the overall energy sector. 

c. Training 

Training in this activity may be classified into three categories: 
general, field test-related and information dissaninatim: 



(1) General. Grantee personnel w i l l  be t ra ined  i n  a reas  such a s  
project  and contract  management, energy managenent and econanics and s o l a r  
systems and engineering. 

Ihe pol icy  and d e c i s i o n m k e r s ,  which include Ministry and 
Governorate o f f i c i a l s  and i n d u s t r i a l  executives, w i l l  be provided with a 
broad exposure t o  renewable energy technology a id  its pot e'nt i a l  . Several  
seminars a r e  planned which w i l l  address t he  econanics and impact of so l a r  
technology and cos t  project ions .  7bo seminars per year w i l l  be given by 
U.S. experts  i n  Egypt f o r  f r a n  twenty t o  f i f t y  persons per session.  There 
w i l l  a l so  be technical  san inars  given by QHREA a s  w e l l  a s  o ther  Egyptian 
experts i n  areas  not covered by t he  U.S. experts  but  pa r t i cu l a r l y  re levant  
t o  k y p t i a n  needs. These seminars w i l l  be held twice a year f o r  
approximately twenty t o  f i f t y  pa r t i c ipan t s  f r a n  both t h e  p r i va t e  and 
public sectors.  

Engineers and t echn ica l  managers who a r e  reponsible f o r  implementing 
Goverment of Egypt energy po l i c i e s ,  w i l l  receive  in-depth technical  
t ra in ing i n  theory and system design,  enabling them t o  design,  i n s t a l l  and 
maintain renewable energy systems. 

Short-term t r a in ing  of 120 person-months (four persons per year for  
six-month courses) w i l l  be given over t he  five-year l i f e  of p ro jec t  a t  
U.S. i n s t i t u t i ons  i n  t h e  f i e l d s  c i t e d  above. In addi t ion, ,  t h e  Grantee 
w i l l  provide f o r  f i v e  persons t o  a t tend a t  l e a s t  two courses per year i n  
Egypt over the  f i v e  years of t h e  ac t i v i t y .  

(2) Fie ld  Test  Training. - User t ra in ing  w i l l  g r ea t l y  a f f e c t  the  
successful operation of t h e  f i e l d  tests. S i t e  managers a s s i m e d  by t he  
QHREA t o  ea'ch f i e l d  test w i l l  be t ra ined a t  a 1.s and/or  gypt ti an 
i n s t i t u t i on  i n  aspec t s  of renewable energy technology. On-the- job 
t ra in ing  by t h e  U.S. sub-contractors w i l l  a l s o  be  provided t o  t h e  site 
manager and other  site personnel and users. During i n s t a l l a t i o n  of t he  
f i e l d  t e s t ,  t h e  site personnel w i l l  p a r t i c i pa t e  i n  a l l  phases of 
a c t i v i t i e s .  . 

(3) Information Dissemination. The Grantee w i l l  u t i l i z e  v i s i t s  t o  
f i e l d  t e s t s ,  seminars, r ad io ,  t e lev i s ion ,  brochures and pr in ted repor t s  t o  
inform the  public about s o l a r  energy and i ts use i n  Egypt. This 
in formt ion  w i l l  b e  disseminated by QHREA, o ther  Ministry of E l e c t r i c i t y  
agencies a s  w e l l  a s  A.I.D. on a regular  ba s i s  once t h e  a c t i v i t y  has 
begun. The contractor  w i l l  work with QHREA on t h e  form and substance a s  
w e l l  a s  t he  be s t  mechanism f o r  dissemination of the  information, which 
w i l l  form pa r t  of t h e  information system t o  be developed during t h e  f i r s t  
th ree  months of the  a c t i v i t y .  



All training tasks will be coordinated and integrated with activities 
being conducted under the Energy Policy Planning Activity. 

d. New Initiatives 

The Parties expect to receive both solicited and unsolicited 
proposals for new field tests during the activity, and the Supporting 
Analysis elenent will identify other field tests. Improved concepts will 
probably be formulated by the subproject as additional detailed experience 
in Egypt is gained. Criteria for selection and actual selection of New 
Initiatives will be determined by QHREA in collaboration with the prime 
contractor and A.I.D. The New Initiatives element will provide a resource 
for assessing the merits of any proposal or suggested concept for a 
renewable energy system field test as well as fund a limited nunher of new 
starts. 

Proposals will be analyzed and evaluated for the technical soundness, 
feasibility, the projected cost-effectiveness, if implemented on a major 
scale,. . and .-the relat-ionship t o  the - renewable- energy- field tests-and 
Grantee goals in the sector. The New Initiatives element will also 
support the initial selection functions required before the procurement of 
hardware. These functions include working with the QHREA and appropriate 
Egyptian organizations on selection of a specific site or sites for the 
proposed new field tests. 

2. Implementation 

This activity is planned for five years. The management structure 
for this activity is based on (1) the creation of an activity management 
coordinator and Egyptian activity manager and field-test site managers; 
(2) centralized planning and control by the subproject manager and the 
other organizations ; and (3) decentralized activity executive , through 
administrative authority outside the activity and site managers' 
organizations by activity and site managers, but who take direction fran 
the managers. 

The activity contractor will be responsible to QHREA's project 
manager and, - in a collaborative manner, provide the technical inputs to 
the activity. QHREA will be fully responsible for coordinating all field 
test entity activities, including site preparation for installation of 
equipment, hunan and financial resources for that installation, agreements 
with chose entities for establishing a systen for careful monitoring and 
data collection before and after the systans are installed. QHREA will be 

. responsible for coordination with local participating ministries, 
governorate off ices, companies, universities and CARE where applicable. 



Technical assistance will be provided by A.I.D. through a prime 
contractor who will coordinate U.S. inputs including goods and technical 
services. QHREA will be responsible for implementing host country 
activities with technical assistance and support supplied by the 
contractor and its subcontractors. 

A formal reporting and information and control system will be 
established in accordance with A.I.D. requirements, the evaluation plan 
and QHRE4 needs. The system will surmarize technical, managerial, and 
financial status, problems, and prospects compared to approved 
implanentation and annual operating plans. In addition to the formal 
written systan of reporting, a series of regular, formal meetings between 
A.I.D., the prim contractor and QHREA activity managers will be scheduled. 

Evaluation 

The activity will be evaluated fran technical, econanic and social 
viewpoints. The activity will be reviewed and evaluated annually by 
A.I.D. lko external evaluations will be financed by the activity, one 
near the mid-point of the activity after installation of the initial field 
tests and all activities have begun and one at the end of the activity. 
The specifics of the evaluations and the canposition of the evaluation 
team will be detailed in the Activity Management Implementation Plan to be 
supplied by the contractor within three m t h s  of being contracted. 
Evaluations will be conducted jointly by A.I.D. and the Grantee, the 
external ones with the assistance of technical experts outside A.I.D. 

The technical performance of the field test systems, including 
reliability and maintenance, will be mnitored and evaluated throughout 
the life of the activity. Attention will be given to the specification of 
data requirements, the design and installation of instrunentation, and 
data collection and analysis of results. 

A continuing analysis of the econanics and social acceptance factors of 
the systems and applicaticms will be conducted under the Supporting 
Analysis element and used in the evaluations. Price per unit of delivered 
energy, actual operation and maintenance costs, product yield, systan 
efficiencies and displaced fuel will be factors considered. The 
evaluations will also canpare the econanics of the solar systems with 
conventional systems. 

An important criterion to be used in the final evaluation of the activity 
will be whether there has been sane move toward adoption in industrial and 
agricultural settings of systems and applications of technology which 
field tests have shown to be successful and replicable. Sociological 
aspects regarding the introduction, disposition, and long-range 



sustainability of the solar systans will also be considered in the 
evaluation. ?he involvement of camunities and users will be of special 
interest. ?he ability of end-users to adapt to these new technologies and 
contribute to their installation, operation and maintenance costs will 
provide a measure of whether or not these systms are appropriate for the 
Egyptian envirorment. Finally, the reactions of policyarakers within the 
Govemnt of Egypt and the private sector will be sought as field test 
experience is gained. 

4. Illustrative Financial Plan 

Table I provides a surmary cost estimate for the activity. ?he total 
activity cost is $28.5 million. Of the projected A.I.D. contribution of 
$24.1 million, approximately $11.0 million is for field tests, $2.0 
million for supporting analysis, $.8 million for training, $2.0 million 
for new initiatives, $2.4 million for activity management and $5.9 million 
for inflation, contingency, evaluation and other costs. 

?he Grantee contribution of the Egyptian pound equivalent of 
approximately $4.4 million will pay Egyptian salaries and in-kind 
contributions. Changes may be made to the financial plan by written 
agreement of the representatives of the Parties identified in Section 8.2 
without formal amenhnt of the Agreement, provided such changes do not 
cause (1) A.I.q.ils Grant contribution for the Activity to exceed the 
m u n t  set fortti under Section 3.1 or (2) the Grantee's contribution for 
the Activity to be less than the amount set forth under Sectton 3.2. 



Activity No. 123.2 

TABLE I 

RDEWABLE ENERGY FIELD TESING 

ACI'IVI'IY ILUlSlRATIVE FINANCIAL PLAN 

(US $000'~) 

A. l  .D. (3UNrEE 
ACTIVITY ELEMWrS FX LC TOTAL - LC MTAL 

FIELD TESTS 9,067 1,985 11,052 . 1,418 12,470 

SUPPORTING ANALYSIS 1,580 315 1,895 . 205 2,100 

NEW INITIATIVES 1,665 335 2,000 550 2,550 

OTHER (Evaluation, 
In flat ion, 
Contingency) 4,600 1,317 5,917 1,273 7,190 

TOTAL 




