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1.0 	 INTRODUCTION
 

1.1 	 Pur ios 

The purpose of the Renewable Technology/App]ication Options 
Assessment
 

Report is to 
Identify promising renewable energy technology/application cambin

ations with widespread use in Ept . This report is prepared as part of the
 

Renewable Energy Resources FtcId Te 
 ing Project which is sponsored in joint
 

cooperation between the 
Covernmipnt of 
Egypt's (GOE) Ministry of Electricity and
 

the U.S. Agency for International )evelopment (USAID).
 

1.2 	 Background
 

The objective of the Renewable Energy Field Testing Project 
is to 

strengthen the capabilities of the COE in designing, managing, and evalu np
 

renewable energy systeims 
for Egypt. Four major task 
areas are being performed
 

for this project.
 

Task 	1: Project Management - Provides 
the organization, staff and equipment
 

necessary to develop 
the capabilitias for performing 
the supporting analysis,
 

field tests, aid training required by 
the contract.
 

Task 	2: Supporting Analysis - Provides for a 
broad range of technical, socio

economic, financial 
and market anhlyse, through four subtasks.
 

2.1 	 Conducting economic and market analys-is for the 11 candidate renewable 
energy 	field tests 
tiat have been identified for the Project. 

2.2 	 Identifyin, and 
eva I i gii promaling renewable technology/application 
combinations other than the 11 canOidat field 	tests. This sibtaisk.

involves: (1) conthpt ingua 
preliminary technology application assass
ment to determine rencwable options which 
warrant further eva~uation 
for Egypt; (2) conducting detailed technical, economic and market 
assessments of selor'ted Options; and (3) developing technology/
application programr,pans for implementing selected options andl
 
conducting field tes;.qt
.
 

2.3 	 Designing, developing, and implementing a Renewable Energy Information
 
System (REIS) 
for storing, retrieving and evaluating project data.
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Task 3: 	 Candidate Field Test Ipleent ation - Involves the design, installation
 

and operation of renewable 
 e'nergy 	 field tests at 11 sites in Egypt. Five in

dus trial process heat, 
 three photovaitraic, and three wind energy systems are
 

scheduled for completion In 
 this as k. Specific activities to he performed
 

Include application review, technilog. review, conceptual 
 design, RFP preparation, 

proposal review, selection of an i a ; llIn tion contractor, system implementation
 

and oversight, and system performn.et, evaluation.
 

Task 4: Training 	 and Information Iis';emination - Provides training to the COE
 
in 
 the areas of project managemenuit, field test rplication, and economic and market 

analyses. This will be accomplished by on-the-job and specialized training, both 

in Egypt and in the II.S. 

Exhibit 1.1 depicts the task and subtask activities for this project.
 

The Options Identification Report presented 
 here is the first activit; being per

formed under 
 Task 2.2 	 Renewable Energy Applications Assessment. The results of
 

this study will provide the 
basis for more detailed technical, economic, and 

market analyses of promising renewable energy technology/application options 

to be performed in subsequent phases of Task 2.2. 

1.3 	 Approach 

The technical approach to be used in identifying promising renewable 

energy techgology/application options for Egypt, other than those selected 

for the 11 candidate field tests, inaprovided below.
 

Step 1: Delineate general 
 ecn mc: and energy set:tiag in Egypt as it 
pertains to the selt linn and evaluation of renewable energy
technologies for tlt .,Pntr-y. Th, s Includes; a ofreview current
and planmed d Linacpr pihf, geographic, economic and energy balance
characterstics, N we aas aAn reviow of Egypt's development 
objectivu,. 

Step 2: 	 Identify potential energy application sector requirements in

Egypt according 
 to three categories: electric, heat and mechanical 
uses.
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EXIIBIT 1.1 

PROJIFC'r TASK AREAS 

TASK 1 

PR 0, ECT
 
MANAGEMENT
 

TASK 2 TASK 3 TASK 4 

S UPDPORTIN( CAN Pl)ATE FIELD TRA I Ni NG , ANDANAI,YS I S TEST i.PIIKMI:'l ATION INFORMATIONI)ISSEMI NATION 

FIELD TEST APPLICATION ON-THE-JOB 
ECONOMIC/ ASS I"S SMF,. NT TRAINING 
MARKET ANALYSIS 

RENEWABLE TECHNOLOGY 
 SPECIALIZED

ENER;Y ASSESSMENT TRAI NI NC 
APPLICATIONS 
ASSESSESMEINT 
- Options Identi- CONCEPTUAL
 

fiCat ion Report 
 DES IGN/ 
- Options Evaluation I'ERFORIANCE 

Re po rt 
 SPE C FICATIONS
 
- Technology _,;,sessment
 

Program Plans
 
- Technology Reference REP 
 PREPARATION 

Notebooks
 

RENEWABLE
 

ENERGY 
INFORMATION 
 PROPOSAL
 
SYSTEM (REIS) EVAUATION
 

IMPLEMENTATION 
COORDINATION AND OVERSIGHT 

FIELD TEST EVALUATION 
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Step 	3: Identify renewableo energxr l
tchnologles which could ilti;fv
the above stctor aplicati :;. Critic al i ssue; t bce c n.id,,red 
include worldwid 101,)~q vaxJpiitict, iraiii> i'i ldi l~v,marilket rpao l 0;.;, ii> bilIit ',, , I r-' nt iiltri , op r. illi'c'haracte~rf:itic'n W:, ti 
 u t y:.,anjl rplo,\dh i ,on.tprin., in, E.rv,.y
 
usingu the tachntam ,.
 

Step 	4: Map the 
renewableiv ur technologies 
 ailn t the e.niery., app lications 
Into a ma trix w i' "!ii fy oliidenti s;ltai aptionA I,r Egypr. 

Step 5: Establish tia ct hi , :nd criteria for priori tizUW , ind 
selecting hi n ,, ir 0 , Iiin options. Prn;al tprn-. i Il includegovernmetll lI prl'l K~I 
 W , resourt!Ice, aIvai 
abi lit,., tuchp::+, apy s;tatus,
 
cosqt sttrus; ep,,1W 
 3 Erypr'l 

inSLtA Ut~LWHA I-rO",HK -M ; Id q;OKiAt ,and ,n fn\'a~ >n1l 


ii ty[ iln , ClII~trIL W,t q> inl Egyplt ,
 
I,E anl 
 impac)
t s~.
 

Step 	6: Select, i, 1111. i wi0th thie H;()h,tthuj U01 
 mos;t promiiniag options in 
the Egy ypt i an conte:t . Evaluate as;; to wiiuthler they are near-, 
mid-, or long-t t ai INration.; 

Exhibit 1.2 shows an overvieow of i' theechiology/appli cation field test
 

selection process. 
 It Includes an identification of the role that each of the
 

fo]lowing chapters play In providing supporting data and analyss for the final 

options selection.
 

Since renewable energy technologies are dynamic in nature, with cost 
and 

technological breakthrotghs occurri a, on an on-going basis, the Options Identifi

cation Report will 
he updatecd anniiilly. This will ensure that Egypt has access to 

the most up-to-da te informntion a'.';i.labe for use in renewable energy system 

and project decision-makinA,. 

Data used in preparing the Options Identification Report has been obtained
 

from the following sources:
 

(1) 	Discussions with key COE, USAID and Egyptian private sector
 
officials;
 

(2) 	Collection and review of 
technical reports, publications and journals
 
on the current and proj ected status 
of renewable energy technologies
 
and applicationr;; and
 

(3) 	Collection and review of COE planning and strategy documents.
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1.4 Evaluation Procedure 

in a matrix format, the technology/application 
combinations
 

Exhibit 1.3 shows, 


were studied.
total, 55 technology/arplication optionsthat were evaluates. In 

used to reduce these 55 options to five field est 
A two-phased approach was 

below.candidates. This approach is descrihed! 

1.4.1 	 Phase I Analyses 

employed in rank ordering
A multi-attribute, quantitative 	scoring scheme 

was 


The evaluation criteria used were 
the technology/application options. 
the
 

following:
 

o Replicability in Egypt
 

o Renewable technology status 

o Resource vallahil ty 

o Government priorities
 

system ecomonic feasibilityo Renewable 

o Current project status in Egypt
 

o Institutional r-equirement!; 

o Social and enviro anental impacts 

Each 	 of the 55 options weitv assigned numerical s'ores according to their 

highest scores reflecting
ability to satisfy the evaluation criteria, with the 


Egypt. Exhibit 1.4 presents the reoults of th
 
the better candidate opLions for 


rank ordered results. The leading
10 presenting theanalysis, with Column 

cross-
ExhibiL 1.5. As evidenced, they represent a broad 

options are listed in 

thermal, active/passive
of renewable technologi"s, incluOing logas, solar

section 


solar, municipal solid waste, photovoltaics and wind.
 

1.4.2 	 Phase II Analysis 

resulting from the Phase I 
In the Phase II analysis, the leading options 

in order to identify the best candidates for 
were further screenedanalysis, 
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EXH I I F 1 5
 

HtIGHEST RANKED TI'ECOlt;(IOCY/APPIICATIONS OPTIONS
 

APPLICATI ON TECiNOLOCGY 

Electricity for Cities Biogas Electricity from Sewage 

Pharmac, ut ca I s Solar Thermal 

Res Ident ial Bui ldings Active/Passive Solar 

Htvdrog;enlated 01.1 Solar Thermal 

Co. .ral/1nsttution~al Buildings Active/Passive Solar 

Electricity for Cities MSW Inclneration/Electric 

ROmote Communications Photovoltaics 

Soap and Detergents Solar Thermal 

Irrigation Wind Electric 

Irrigat ion Wind Mechalcal 

Irrigation Biogas Mechanical 

Irrigation Photovoltaics without Battery 
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field testing. Evaluation criteria used in this phase of the analysis Included: 

o Scale of Potential Field Test and Required Budget 

o Current Project Stat s in Egypt 

o Commercial Status in Egypt 

o Replicabillty In Egypt 

o Resource Avala hilltv and Demand Match 

As a result of this analysis, five technology/application options are 

recommended to the KiIK as vi able ie..l t vst candidates. 

o Actfve/Passive Solar -- Res idnt ial Buildinps 

This option invol, i thP t ld test of- artiv, and pass ive Walar systems 
for resident i appi lcat in . T ,: t'chnolgi ,s are technica ly proven, 
cost coamp,. tit iv and hN vy, A I wr, aPun t I aI f,or repl i Il Itit in t he 
country, partiCUI ri-V t a i I a in.. and elI, u Va, For .i: :,p.. c,, 
in the u r hAin areas a aup iI; aa!ii , i tn ,,. iUi,. , 
the year 200G, w! iL adli t inn wi h c:..pw ad in the nc coimm nit i,: 
being deoveloped I i n tic 'a u t r; i ptIoni takes advantage, oi a 
readily availab e solar r:;i, ; ,., >. ,cts the h ,ti rcqui reat: t: s of the 
project, and provides itKly'pt with experience ia a new reneaible technolgy 
applicat ion. 

o Biogas Electricity from Sewage - ElIectricity for Cities 

This project involves development of a system which uses hiogas electricity 
generated from sewage to trulaca power for urban areas . This option is 
particulan ly promising fiau r 'vp in that Is usces a t Lchnology whiclh I.s 
commercially availabl ind OOc t coipe titive, iaIl ls within th.; project
budget, has a large potent fa! for repl Icahi lIty In urban areas otf the 
count ry, and present t echnl which nota aogy has bet'ea de"nttrated 
previously in Egypt. Fuliitn ii, , this oation in ensured of a stable 
resource supply tLhe ;a collect ionfrom ,good sewage Systems In Egypt, produces 
a by-product with a hi', h v,'l' ab a fertiliz-er and soil cundtitioncr, 
provides a viable alterlnativ it r ;ppiylng el evt ri i tq for both sewage, 
plant requirements and city grid p(wer needs, and helps reduce health 
problems arising from nnt rl-d ,;ewage entering the waterways. 

o Solar Thermal - Pharmaceuticals and Hydrogenated Oil Industries 

The two industrial field t as t candidate options Involve the use of 
solar thermal technology for l ow-tcmperature teanm applcattons. 
Specifically, for plharm nat ial,; til temprature range is 120'-130'C, 
with hydrogenated oil produit Inn ranging from 130"-200"C. 

Solar thermal systems have a high potential for replicabli ity in these 
and other Industrial s.:taois ,I Egypt, are economically feasible in 
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comparison to conventional systems, have no social or environmental 
impacts, make use of 
a readily available solar resource, contribute to

GOE objectives to promote industrial growth and expansion, and meet the 
budget limitations of the project. Additionally, there are limited
 
ongi thus ,providing_ Egyp'tians wit b 
experience in a new technology area. 

o Wind Mechanical - Small-Scale.Irrigation
 

This field test candidate involves small-scale irrigation systems

supplied by wind mechanical energy. These systems can be used 
for live
stock watering, land reclamatrion (depths of up to 50m), and/or for
 
potable water for human needs.
 

The advantages of performing a field test in this area are that the 
technology is simple, mature, proven and cost-competitive; it satisfies
 
government priorities to both enhance productivity in the agricultural

sector, and promote rural development; and has a large potential market
 
in this country. Furthermore, these are small-scale systems which satisfy

the project budget; 
utiize the strong wind resource that is available
 
along coastal and outlying parts of 
the country; and provide Egyptians

with exposure to a technology/application with which they have had only
 
limited experience.
 

1.5 Next Steps
 

The above field test candidates, which have been selected 
on the basis of
 

analyses conducted by representatives of the Egyptian Electricity Authority
 

(EEA), Meridian Corporation and Energy and Environmental Engineering, Incorporated
 

(E31), will be presented to senior-level EEA officials in a briefing planned for
 

mid-September 1985. The purpose of 
this briefing will be to review the evaluation
 

process, discuss the 
reasons for selection of the five candidates, and obtain
 

concurrence to proceed with detailed analysis of these options. 
 If the five
 

candidates are acceptable, Subtask 2.2.2 will be initiated, which involves: 
1)
 

conducting a comprehensive engineering, economic, financial and market assessment
 

of each of the options, and 2) identifying potential field test sites. If
 

there is not agreement on 
the five options, comments will be obtained and
 

further analysis conducted until there is senior-level EEA approval for 
a set
 

of candidate field tests.
 

1 . . ... 



-- 

2.0 	 THE EGYPTIAN CONTEXT
 

Energy planning in Egypt, and uitimately the role that renewables will
 

play 	in the country, is dependent upon a number of Interrelated factors, including: 

-- Basic data on the geography,, demography, economy, and local renewable 
energy indust ry of t he cun,try; 

-- Energy demand iLIo, urront and projected;si;it 	 )n 

-- Energy Supply reson rceS; and
 

Five Year National I)evelopmnr Plan objectives.
 

Combined, these elements provid, 
the framework 
in which the GOE will conduct
 

renewable energy decision-making for 
the country. Ehibit 2.1 graphically presents 

tho renewable energy decision-:nokinig prgocess for Egypt. 

This chapter provides hick'runld information on each of the areas identified
 

above. The Information will be usted: in subsequent chapters provide the
to basis
 

for identifying, evaluating and ,;teletting promising renewable 
technology/appli

cation options which should be implemented by 
the GOE given Egypt's particular
 

needs and characteristics.
 

2.1 	 Basic fCountyr Data-


This section reports on 
basic 	country data which is required to assess the
 

energy 	situation in Egypt.
 

2.1.1 	 Geography
 

Egypt is located in the extreme northeast of Africa and consists of
 

approximately 386,600 square miles of 
land. Egypt is generally organized into
 

four major areas, as discussed below.
 

o Nile Valley and Delta 
- The Nile River is the longest river in Africa 
(1000 miles) and the lifel ine of Egypt. Tho Nile enters Egypt at Wadi 
Halfa in the Sudan, and reaches the fertile delta in Cairo. It accounts,
 
for approximately 99 prtnt of 
the population, 4 percent of the land, 
and the countr'v '; on]V cuIl ivable ,soil. 

" Western Desert - The 
;'t:.r- Desert, which accounts for 68 percent of 
the land area, is an arid rion ',ith vast sand plains, shi fting dunes 
and large depressiois. Tht (ovurnlmnen cons iters this a frontier region,
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EXHIBIT 2.1 

GOE RENEWABLE ENERGY DECrSION-MAKING PROCESS 

BASIC 

COUNTRY 
DATA FIVE-YEAR 

NATIONAL 

DEVELOPMENT 

PLAN 

ROLE FOR 

RENEWABLES 
IN 

EGYPT 

ENERGY 
DATA 

-

-

Demand 

Supply Resources 



dividing it into two 
frontier governorates: Marsa Matruh to 
the North
 
and New Valley to the south. There are seven important depressions in
 
the Western Desert, and all are 
considered oases 
except the largest,
 
Quattara. 
The Quattara Depression is uninhabited and contains badlands, 

- .salt-marshes- and-lakes . Theremaining-depress-ions- are characteri' ed by
limited agriculture, some natural resources, and permanent habitation.

As oases, these depressions obtain fresh water in sufficient quantities

from the Nile or other underground sources.
 

o Eastern Desert - The Eastern Desert, which accounts for approximately

22 percent of the land, is arid and defoliated. Its most prominent

feature is the Red Sea Hills which extend from the Nile.Valley eastward
 
to the Gulf of Suez and the Red Sea. 
 This region is considered isolated

from the rest of 
the country, and is difficult to sustain agriculture.

With only a few permanent settlements on the Red Sea, the importance of'
this region lies in its natural resources. The entire Eastern Desert
 
is administered under a single governorate, Red Sea, with its capital
 
at Hurghada on the Red Sea.
 

o Sinai Peninsula - The Sinai Peninsula is a tria gular area 
of 23,600
 
square miles, situated east of the Gulf of Suez..and northeast of the

Eastern Desert. 
 It is closely akin to the Des,'krt, containing mountains
 
in the southern sector that are a geological , xtension of the Red Sea
Hills, the low range along the Red Sea Coast,'that includes the highest

point in the country, Mount Catherine at 2,6 7 meters. Before the
 
Sinai was seized by Israel in 
the June 1967 A.ar, a single governorate

embraced the whole peninsula. In 
1982 the Egyptian Government divided
 
the peninsula into the North Sinai, with its capital Al Arish, and the
 
South Sinai, with its capital at Tur.
 

2.1.2 Demographics
 

In 1983, the population in Egypt was estimated at over 45.8 million 
 i 
with an annual growth rate of 2.9 percent per year. By the year 2000, the
 

population is expected to 
increase to approximately 70 million.
 

As discussed above, 99 percent of the population live in the Nile Valley
 

and Delta, which represents less than 4 percent of the total area 
of the country.
 

Egypt is almost 57 percent rural, but 
the rapid population growth, in conjunction
 

with massive rural migration, have resulted in tremendous urban growth at 
an
 

average annual rate of 4.9 percent in the cities. 
 This trend towards urbanization
 

has remained unchecked and resulted in serious overcrowding in the cities.
 

2.1.3 Economy
 

Egypt faces a 
number of serious economic problems, although there is 
no
 

pending crisis for the country. For 1983/84, imports are 
estimated at $8.9
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!ibillion, ih.xot 
 i
 

with export revenues expected to amount to 
$7.8 billion. This
 

results in an 
estimated trade deficit of approximately $1.1 billion. Of the 

exports, petroleum and petroleum products provided approximately 32 percent 

($2.5 billion) of 
the total revenues, and approximately 70 percent of all
 

commodity exports. 
 Service exports provide the remaining portion of the revenues,
 

principally in the form of workers' remittances, Suez Canal tolls, and tourism
 

receipts. Currently, only about 25 percent of oil production is used for
 

exports, with the other 75 percent used for domestic consumption which is
 

subsidized at approximately 20 percent of the world price. 
 This situation
 

deprives the country from earning valuable export 
revenues and offsetting the
 

large trade deficit.
 

The major sectors of the economy are described briefly below:
 

o 	Agriculture. Of the total land 
area of 247,458,040 acres, only 3 percent or 
8.3 million acres, are classified as agricultural land. This

is almost exclusively along the 
narrow ribbon of soil deposited by and

located close to the Nile. 
 Urbanization and other construction has
 
slowly diminished the available arable land in the country. 
This in
combination with increasing population pressures has led to 
an 	intensive
 
form of cultivation characterized by multiple cropping and widespread
 
use of fertilizers and pesticides, as well 
as seeking the development of
 
new agricultural areas.
 

Agriculture employs 51 percent of 
the labor force, contributes 29 percent of the GDP, and 61 percent of the exports. Per capita availability

of 	domestically produced food is about 10 percent lower than it was 
10
 
to 	20 years ago. Egyptian"Nimports of food production represents one
third of total imports, one of the highest ratios in the world.
 

o 	Industry. Manufacturing industries are well established in Egypt,
employing 26 percent of 
the work force, contributing 30 percent of the
 
GDP, and providing 35 percent of the export value. 
 The chief sectors
 
are food processing (28%), textiles (26%), electrical and engineering

(15%), chemicals and pharmaceuticals (13%) and construction materials

(8%). Industry is concentrated in the areas 
of 	Cairo and Alexandria.

Outside of this area, key industries include the iron and steel complex

at Helwan, the steel mills of Upper Egypt, the textile mills of Mahalla
 
el Kubra, and the chemical and fertilizer plants around Aswan.
 

o 	Mining. Egypt's known non-hydrocarbon mineral resources include phos
phates (Isna, Safaga, lamrawein, and Abu Tartar); 
iron ore (Aswan and
 
Baharia); coal (Suez and Sinai); 
and manganese (Eastern Desert and
 
Sinai). 
 To a lesser extent there are also deposits of gold, nickel,
cobalt, and copper; chrome, tantalum and molybdenum (all in the Eastern 

. 

"
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Des',art); 
uranium (Cairo); and gypsum (Alexandria).
 

o Services. 
 During the past decade, there has been deterioration in

Egypt's physical infrastructure. 
 Transportation, telecommunications
 
~and other~facets of -the- lnfrastrucrre--are "iafqiifd'f __f'-_d~'1_~~growth of rural and urban economic activities. 
 Although the government
is taking steps to improve this situation, including increasing andenhancing roadways throughout the country; building a Cairo subway
system; and updating the telephone systems, these services remain 
overburdened.
 

2.1.4 
 Local Renewable Energy Industry Infrastructure
 

In general, there exists no infrastructure that is specifically tailored
 

to support renewable energy applications in Egypt. 
 The existing administrative,
 

manufacturing, financing, marketing and other infrastructural support 
facilities
 

can, however, be diversified, modified or 
expanded to take care of the newly
 

emerging renewable energy applications.
 

For the most part, renewable energy systems using low or 
intermediate
 

technology could be manufactured in Egypt using indigenous labor and material
 

resources. 
 For example, solar-related energy systems 
are fabricated primarily
 

from basic construction material such as 
steel, cement, glass and aluminum,
 

which are produced locally in Egypt. Components such as towers of wind turbine
 

units, collector array support structures, and flat plate thermal collectors
 

are being manufactured domestically. More sophisticated subsystems, such as
 

the blades of large wind turbines and photovoltaic solar cells, must be imported.
 

Many of the renewable energy subsystems, such as support structures, towers,
 

and storage tanks, 
are similar in construction to conventional equipment.. 
These
 

subsystems require various skill levels in metal forming, welding, plumbing,
 

mechanical assembly, site preparation, concrete pouring, and other labor skills
 
common to 
a range of conventional power systems. 
 There will be, however, special
 

training required for many aspects of renewable energy related equipment design,
 

manufacture, installation, operation and maintenance. 
This will range from training
 

engineers 
to design and size solar water heaters, to training personnel to main

tain wind turbine units. 
Training facilities in the Solar Energy Laboratory at 
the
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National Research Center and 
in tiLe Ministry of Induis try Vocati onal Trainin g
 

Centers, 
 as well as in higher education in;t:ittlonS (e.g., Cairo University and 

L-lwan 	 Institute of Technology), coIld all he 	extenlded to handle this manpower
 

training load.
 

2.2 	 Energy Overview
 

This section describes the 
energy 	demand and supply situation in Egypt.
 

2.2.1 	 Present Energy Demand
 

In 1980, 	 total primary energy consumption in Egypt amounted to approximaLely 

24.2 million ton; of oil equivalut (MTOE), of which 76 percent was supplied by
 

commercial energy ;ources 
 and 2/i percent by non-c orniner c al sOirces. A breakdown
 

of primary energy consumption 
 by fuel type is proiided In Exhibit 2.2. As
 

demonstrated in this exhibit, oil 
 accounted for 73 percent of commercial energy
 

consumption, natural gas for nearly 
11 percent, coal 
for nearly 5 percent
 

tvirtually all 
cool used in Egypt is imported), and hydropower for 
11 percent.
 

Crop residues accounted for the bulkC of 
 the non-commercial consumption (770'i),
 

with animal wa;te, fueIwood and animal power 
 supplying the remainder. 

Overall domestic oil consumption accounts for approximately 75 percent of 

all oil produced in the country and this is sold at on]y about 20 percent of
 

the world price. Only 25 percent of the Governmeat's share of oil produc d is 

exported at world prices. 

Exhibit 2.3 depicts traded energy consumed by sector. As evidenced, oil 

makes up approximately 77 percent of energy consumption, electricity 11 
percent, 

natural gas 7 percent, and coal 5 	 percent. Sectorally, the industry sector 

accor,ts for 40 percent of trade energy, the commercial sector 20 percent the
 

residential sector 
18 percent, the transportation sector 17 percent, and the
 

agricultural sector 
5 percent.
 

2-6
 



EXHIBIT 2.2 

PRIMARY ENERGY CONSUMPTION IN 1980 

Source%
 
Comie r c i alI 
 MTOE Commercial Total 

oil 13.5 73.4 56 
Gas 2.0 10.8 8 
Coal 0.9 4.8 4 
lyd ropower 2.1 11.0 8 

Subtotal 18.5 	 100.05 76% 

% 	Non- %
Non-Commercial MTOE Commercial Total
 

Crop Residues 
 4.4 77.2 18
 
Animal Waste 
 1.1 
 19.3 5
 
Fuel 	Wood, Animal
 

Power, etc. 
 0.2 3.5 1 
Subtotal 5.7 	 100.07 24%
 

TOTAL 24.2 	 100% 
 100%
 

EXHIBIT 2.3
 

TRADED ENERGY CONSUMPTION IN FINAL USES 1980 (MTOE)
 

Fuel Nan ural
 
Sector Oil G,sCoal Electricity Total
 

Industry 	 3.5 0.7 0.7 1.0 5.9 (40%)
Transportation 2.5  -
 - 2.5 (17%)

ResIdential 2.0 0.3 - 0.3 2.6 (18%)
Agriculture 0.7  - 0.1 0.8 ( 5 )
Comme rcia... ... ....... ... ... . . ., _ 0.1 . , -- _ - _ . _ 0.2_ ____. 2.7 . . . . . . .. -- - _. __ ____. ..... 3. 0 __(2_ 
TOTAL 11.4 1.1 
 0.7 1.6 
 14.8 (10o)
 

(7%)77) (5%) (%) (100%) .. 

* Source: National Strategy for Development and Utilization of New and
 
Renewable Sources ot 
Energy (NRSE), July 1982. 
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One of the most disturbing aspects concerning energy use inEgypt is the
 

rapid growth in consumption of petroleum products and electricity in 
the country.
 

As shown in Exhibits2'4 andi2.5y 
 sun 	t 


13 	 percent for petroleum and almost 14 percent for electricity during the period 

of 	1974-1980/81. This is 
a fairly critical situation in that over two-thirds
 

of the Nile's hydropower is already developed, and domestic petroleum resources
 

are projected to last only another 10-15 years. 
 A major contributor' to this
 

growing energy, usage is the substantial subsidies provided for both fossil
 

fuels and electricity, which result in 
consumers only paying about 20 percent
 

of the 
true market value for these products.
 

2.2.2 Projected Energy Demand
 

By the year 2000, total projected energy demand is expected to increase to
 

approximately 65 million tons 
of oil equivalent. This amounts to about 2.7
 

times the primary energy consumption in 1980 of 24.2 MTOE. 
 Energy demand
 

*is anticipated to occur as 
follows:
 

o 	Demand for electricity is planned to increase from 18.4 billion kWh in

1980 to nearly 105 billion kWh in the year 2000. 
 This reflects more

than a fivefold increase over this 
time period, and amounts to approxi
mately 29 MTOE or close to half of the total projected energy consumption.

The increased electricity demand stems from the 
strong emphasis in

Egypt on electrifying rural areas and upgrading the standard of 
living
 
in the country,.
 

A breakdown of electricity demand is expected to 
include 4.5 MTOE (15
billion kWh) or 
14 percent from hydropower; 11 MTOE (40 billion kwh)
 
or 
38 percent from the installation of 10 planned nuclear plants;

14 MTOE (50 billion kWh) or 

and
 
48 percent from thermal generation by
oil, natural gas or imported coal. 
 Thus, nearly 36 percent of Egypt's


projected electricity requirements are expected to come 
from nuclear
 
plants, none of which are 
even under construction; oil and gas which
 
are 
expected to be depleted in the next"10-15 years; and imported coal,

which will further hinder the trade deficit.
 

o 	Direct consumption of oil and natural gas is 
expected to be on the

order of 34 MTOE, or 
52% of total primary energy consumption. Adding

thermal electricity generation, primary demand for which is 
estimated
 
at 	nearly 13-15 MTOE, the 
total oil and natural gas requirements would
 
amount to nearly 50 MTOE. 
'
Exhibit 2.6 shows primary encrgy consumption
for the year 2000. 
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EXIB,IT 2.4 

Development of 	Electricitv Generated and Maximum
 
Load 
over 1974-1980
 

POWER GENERATED 
(mill_. kwh) annual rate of
Year 	 thermal hydraulic total growth
 

1974 2395 6120 
 8515
 

1975 3010 6790 
 9800 15%
 

1976 
 3640 
 8005 
 11645 
 ___ 189%
 

1977 4535
. . i . ... .......---. .	 . . 9040 13575 _ 	 6 _ , 	 [ 1 6 .5- _ _ _16 

!978 
 5140 
 9935 
 15075 
 I
 

1979 
 6755 
 9710 16465 
 9.2%
 

1980 
 8629 
 9801 18430 
 11.9%
 

Annual Average 	Rate of Growth 
= 13.7%
 



EXIII BIT 2.5 

Development of Oil Products 

1974-1989/81 

oncumpt on 

(000' tons) 

,Product 1974 1975 1976 1977 1978 1979 1980/81 

Butane gas 

Natural Gas 

Gasoline 

Kerosene 

Diesel 

Gas Oil 

Other Products 

Total Consumption 

Annual Rate of Growth 

160 

-

579 

III0 

1196 

3291 

345 

6681 

-

179 

33 

672 

1188 

1335 

3639 

343 

7389 

10% 

211 

110 

747 

1225 

1477 

4012 

369 

8151 

10% 

248 

362 

837 

1305 

1633 

4292 

394 

9071 

11% 

296 

587 

954 

1380 

1848 

4382 

560 

10007 

10% 

339 

852 

1041 

1486 

2040 

/1840 

541 

11139 

11% 

408 

1810 

1219 

1555 

2714 

5495 

924 

14125 

27% 

Average Annual Rate of Growth = 13% 



EXHIBIT 2.6 

PRIMARY ENERGY CONSUMPTION FOR T1E YEAR 2000 

(million tons of oil equivalent) 

ELECTRICITY 
29.5 45% 

Hydropower 4.5 
Nuclear 11.0 
Thermal (oil, natural gas, 14.0 

coal) 

DIRECT CONSUMPTION 
Oil and Natural Gas 34.0 
 52%
 

NEW AND RENEWABLE SOURCES 
(Excluding hydropower which 
 1.5 
 3%
 
is addressed under electricity)
 

TOTAL 
 65.0 
 100%
 

Source: 'The Energy Situation in Egypt, 
 Dr. Hussein Abdallah, Senior Under Secretary, Ministry

of Petroleum.
 



o New and renewable sources 
of energy (excluding hydropower) are expected

to provide approximately 3 percent of 
total primary energy consumption 
by the year 2000 or 1 .5 MTIE. 

2.2.3 Energy Supply Resources 

Egypt has 
a broad range of resources currently available, however, many of 

these exist in only limited quantities. A brief summary of the major energy 

resources in Egypt Is provided below, with a more detailed description of the
 

country's renewable energy 
resources presented in Chapter 4.0.
 

Petroleum. Crude oil production began 
In Egypt on a significant scale in 

1969, with oil exploration activities Intensifying in 1973. Although reserve 

estimates vary widely, from appr,:isia t ely 400-600 mi Ilion tons , it: is lienerilly
 

agreed that donestic petrolum 
demand will exceed available supplies within the
 

next 15 years unless significant new discoveries are made. 
 Production In
 

1981-82 was approximately 35.5 million 
tons, up from 8.5 million tons in 1973.
 

However, as previously mentioned 
, domestic consumption during 
the same period
 

has grown frum 6.5 million tons to nearly 13 million tons, and may 
reach 50
 

million tons by 2000. 
Most of the existing reserves in the country are 
con

centrated in the Gulf of Suez, the Sinai 
Peninsula, and most 
recently, the
 

Western and Eastern desert 
regions.
 

NaturalGas. The amount of 
natural gas produced and consumed in Egypt has
 

rapidly increased from 33 thousand TOE in 
1975 to nearly 2 MTOE in 
1980, primarily
 

due to discoveries of 
natural gas associated with increased oil 
production.
 

Proven reserves of non-associated gas are approximately 250 billion cubic
 

meters, 
with three major fields providing the bulk of natural gas production.
 

These Include: 
 (1) Abou Madi, which lies in the northern part of the Delta and
 

has an average daily output of 
80 million cubic 
feet and 1,750 barrels of oil
 

derivatives per day; (2) Ahu EI-Charadeek In the Western Desert which has an 

average daily output of 
95 million cubic feet with 3,500 barrels 
of oil derivatives
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per day; and (3) offshore Abu Air, which lies in the Mediterranean Sea, and has
 

an average daily output of 70 million cubic feet with an additional 1,500 

barrels of oil derivatives; dafiy. NaroraI gas Is a basic source of energy for 

industries such as Iron, steel, chemicals and fertilizers. It is anticipated 

that natural gas will play an Incre.as,;ingly important role in Egypt's energy mix. 

Coa.1. Few coal dposi t s have been discovered In Egypt, with estimated reserves 

in the range of 80 million tons. The bulk of these reserves are located at the 

Al-Niq;hara coal mine in the Sinai, wich has been recognized as having '35 million 

tons of recoverable reserves with an economic recovery potential. Coal reserves 

and carbonic materials also exist in the areas around the Gulf of Suez, withn
 

limited quintities available In the Sinai 
and Western l)esert. Other coal deposits 

In the country have either not been characterized, have poor geological charac

t eristics, or are not otherwise considered economical for exploitation at the
 

present time.
 

Uranium-/Thorium. Currently, neither uranium 
nor thorium are being produced 

in Egypt. Geological surveys performed since 1961 show that there are very 

smAll quanlitites of uranium in 
the hastern Desert, which are uneconomical to
 

explore. OtLher studies have 
predicted that 
sizable amounts of uranitum and
 

thorium oxides 
exist in the Red Sea and lediterranean. flowever, uranium
 

recovery is presently uneconomical unless it is combined with a larger project
 

to recover 
other minerals in these regions. Therefore, Egypt's national program
 

to build nuclear power stations will depend on the importation of nuclear
 

fuels. 

Solar Energy. Egypt has 
a very high incidence of solar radiation that could be
 

used as an energy source, due primarily to its location and dry climate. 
 In
 

the winter the sun shines for approximately 7-10 hours daily, while in 
the
 

summer sunshine is available for 1Q hours daily. Overall, There are 3,400 hours
 

per year of solar availability in the 
north and 3,900 hours in the south.
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Wi nd__Ene.rgy. At least two regions In Egypt have sufficient average daily and 

annual wind speeds considered high enouh for the development of wind power
 

generators. The'se inc lud: 
 (1) the dl terra scan Sea coast whi ,'h has an average
 

annual wind speed of 
 about 20 km'/hr, and (2) the Red Sea coast with ,pproximately
 

22 km/hr. Useable electric energy output 
 in these areas is estimated to he 650 

kWh per square meter of windmill swcpt area.
 

Currently, Battelle 
Pacific Nor thwest Laboratories, under contract to AID! 

C[airo, is conducting a wind resrwv a:;sessment In Egypt to upda te and verify
 

wind resource data for Egypt. Six sites 
have been selected for study, El Kasr,
 

Um El-Rakham Vill age and Ras 
 El Hiekmaan on the Medi terranean Coast ; and lturghada,
 

Ras Abu Ghusan, and Zafarana on the Red 
 Sea Coast.
 

Biomass Resources. The major sources 
 of biomass in Egypt include animal waste 

and agricultural residues, both of whitch are u"sed in rural areas to provide fuel
 

and fertilizers. Substantial quantities 
 of urban refuse and sewage are also
 

available and could 
 be used as an energy source.
 

Geothe rrnal Energy 
. There is now only limited information available on the
 

extent of geothermal energy resources in 
 Egypt. Low geothermal temperature 

gradients (1 5-2 0;C/k m ) exist in Northern Egypt, the Nile Delt[a, and the Western
 

Desert, with deep wells at [lhe 
 Bahriya, Dakhla and Kh;ir;il oases tapping aqii fers 

with temperature s of 35-43 'C. liigh thermal gradients exist along margins of the 

Red Sea and Gulf of Suez, with valves of 21-50' C/km. 

The potential for geothermal energy has also been noted by the presence of 

hot springs; on the east and west ides of the Gulf of Suez, as well as in several 

other Isolated locations thirougho ut the country. Overall, it is estimated that 

Egypt has a geothermal potential of about 20 MWe. 

Water Supply. The Nile Riv.r is the only signific ant source of surface 

water in Egypt. Since construction of the High Dam at Aswan, approximately 56 

billion cubic meters (Q) of water per year have been available for downstream 
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uses. 	 The maximum yield of the Nile is esLima ted to be 73 billion m3 whi'h i;
 

just enough to meet projected ;gricuiltural (44 per cent iucre 
 ,;e ) and inrdue;tri l
 

(87 percent Increase) requi rmet i I coliservation and irrigation efficiency
 

programs are implemented.
 

The Nubian aquifer in the Western Desert also has a very large amount of high 

quality, nonrenewable groundwater sitable for irrigation and/or industrial 

purposes. Adjacent to currently populited areas, a quantity of brackish and
 

other waste water equal 
to at It; t unt-fourth of the annual fl ,Iowof the Nil I s
 

<available from i rrigation 
 return; drainage canals, dewa tering welli and mnunicipal/
 

industrial waste systems.
 

2.3 	 Five Year National Developmcnt Plan
 

The Detailed Frame of 
the Five Year Plan for Economic and Social Development 

1982/83-1987/pg , incorporatls count iv and energy data into a comTnrehensiveplan 

for increasing, Lihe productive capac ity of the economy and improving the standai rd 

of living in Egypt. Although directd primarily to th cuirrent f-iVte year priod, 

the PIani reflects the country's neiIum- and long-term objectives through the year 

20oo(. Thus, the Plan provides the base for specifying the role that renewable 

energy 	technologies can play in assisting the cGE to achieve its 
national develop

ment objectives.
 

The major objectives set forth in the Plan are 
to increase levels of growth
 

in the industrial and agricultural sectors, as 
well as to develop the supporting
 

service sectors including energy, transportation and communications. To achieve
 

these objectives, a number of activities 
are being porsued, as discussed below.
 

2.3.1 	 Agricul tural Sector 

o Increase agricultural producti-vity through vertical expansion and higher
vegetable and fultL crop Intensity. This will require improved irrigation
 
and drainage.
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o Increase output of livestock, poultry, fish and beef feed lots. 

o Reduce losses in agri ii! LturA! output by improving facilities for 
food process in; and rt rie rat ion.
 

O Increase land Cocl ama 
t ion and cultiv tion, particularly in the Sinai,
Red Sea, Western na) i (Nnwv Vallty) and norliwe st coastaaI areas. 

2.3.2 Industrial Sector 

o 	 Conduct ""Ind, and ia~l t& growt., W t,, industrial sector 
and the other setcLors of tihe economy, particularly the electricity
sector. To date, power Cuts have hin .deredthe a chie'emen t of pro
ductiol target: in m.ln' industries. 

o Increase production of construction materijls, e.g., cement, brick, 
glass etc.
 

o 	 Expand and diversify indstries providing products for local 
consumption (e.g., ndfool clothing) and export (e.g., cement, 
gypsum and fertilizers). 

o Increase production of b.ogas from farm waste. 

o Increase production of solar equipment and appliances. 

2.3.3 Energy Sector
 

o Reduce local use of petroleum and petroleum products in order to

increase their export, as well as to 	generate revenues for offsetting
 
the trade deficit. 

o 	 Maintain sufficient r.serves of various energy tosources satisfy 
the ex:pected increase in d.OuAnd tor ergy.
 

" Increase the de lop:ie 
 if various energy sources, parti cularly
petroleum, thruth ict' ;il'in, exploration And survey efforts. 

" 	Acquire modern and ap roprinte tvchology for the utilization of
alternative energy souruc s, in order to reduce the burden on non
renewable sou ces. 

2.3.4 Transportation and Communivation Sector 

o 	 Expand transportation and communication networks to all regions of the 
country, particularly the new population communities. 

o Rationalize tihe consutur tion of oil products in tihe transporation 
and communication sectors. 

o 	 Renovate railroad lines and maintain bridges. 
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2.3.5 	 Htousing and New Communities
 

O Improve sani tat ion 
 faci lities in the country, particularly in urban 
areas. 

o 	 Reduce the popu latilon in urban areas through the establIshment of newcommunitI es In the deser-t , rural and coast.al areas. Al;o, establi.5hresidential arras arounri.! hvlo mao ci tiesr and nn-cult ivabl, land. 

o 	 Provide adequt tterv,' 1 n, w cnommn iri. Currentl-,, only 50 percent
of 	 rural huse ld; I,,, Na: t;u t he i . , leaving oveor 3 million 
househo lds Wit 11 'PtI Wi .C ,!UCi Oc'r. 

o 	 Increase uhlpi.q of o ;tiKI wtLr for rural areas and new developments. 

o 	 Expand health, educaroleln , cuiltural and recreational facil, tie:
in rural areas; 	 promut c rural industries; and create employmnt 
opportunit l.a in rua-,l alLias. 

2.3.6 	 Environment 

o 	 Protect the environment from pollution emanating from industry, agriculture 
and consumption. 

2.3.7 	 Trade Balance 

o Offset the trade deficit by increasing exports of goods and services,

substituting local products for imports, and rationalizing consumer 
imports, particularly luxury products. 

2.3.8 	 Employment 

o 	 Increase employment in the country. 

o 	Achieve a better distribution of population between rural and
 
urban areas.
 

o 	 Enhance Egypt's scientific and technological resource base. 

Exhibit 2.7 depiets the 
level of investment assnciated with 
the major
 

development areas identified 
In the 	Five Year Plan.
 

2.4 	 Role for Renewables in the Five Year Plan
 

Renewanle energy te chn(olo;ies, can 
 contribute significantly to meeting 

the objectives established for the current five year planning period and
 

beyond, in a number of ways.
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EXIHIBIT 2.7 

EVALUATION OF UnVERNM.';E';-:T 
PUBLIC SECTOR IJ5T' ;T':T 

(-KI TI ES BASED ON 
KUAKTS (1981-87) 

SECTOR RECIPIENT AGENCY 
S TOCVESTMENT 

of 1981/82 LE) 
INVESTMENT 
% TOTAL 

HOUSING - NAT. AUTH, FOR SEWAGE 

- HOUSING & CONSTRUC. CO. 
- CONSTRU C. CO. 
- CEMENT CO. 
- BUILDING ,ATERIALS CO. 

4,410,700 14 

RECONSTRUCTION - CONSTRUCTIDu CO. 

- EADY-A, CLOTHES CO. 

3,294,500 10 

IRRIGATION 

LAND RECLAMATION 

HEALTH 

AGRICULTURE 

- IRRIGATION CO. 

- RECLAMATION COMPANIES 

- AGRICULTURE COMPANIES 

- CHEMICA, & MEIICINE CO. 

- M ICINE TRADE CO. 

- AGRICULTURAL COMPANIES 

- ANIMAL PRODUCTION COMPANIES 
- FISH PROD'YCTION COMPANIES 

1,882,300 

1,552,500 

1,171,200 

885,200 

6 

5 

4 

3 

31,673,500 100% 



First, renewable energy tecllnologi;es can supply thermal 
energy (active,/
 

passive solar, biomas , peot herwAl I, municipal solid wast:e, solar ponds and solar
 

tlerma1), mechanical energy (wind), and electricity (b ioma , go tlhermal, municipal
 

solid waste, photovoltaics, soWir 
pond:, solar thermal, and wind energy') for a
 

broad range of applications. For example, 
in the agriculture sector, renewable
 

technologies can provide energy for a number of 
priority areas identified In the
 

Plan, including water pumping, 
i rriga tion, and desalination reqtired for land
 

reclamation and cultivati on; food 
 and crop drying; refrigeration; and general
 

electrical power requl rements5 
for increasing productivity In target agricultural
 

areas. In the industrial sector, renewables 
can be used for electricity generation,
 

food processing, Industrial processing, building heating and cooling, and 
steril

ization, among others. Furthermore, roopwables are pirticularly well suited to
 

supplying energy needs of the 
 new communt Les and saLel ite vi I Lages beinI; hdeveloped 

in the desert, coastal and adjacent urban areas that are not included in the 

country's rural electrification plans. At these sites, renewables can provide
 

non-grid connected power for 
lighting, cooking, cooling, desalination, refrigeration,
 

sanltation, remote communications, 
cathodic protection, educational and health
 

facilities, community centers 
, and 
general. vi llage power rc quircmnent . Additionaly,' 

in most cases, renewable technolorli s provide this power at lower costs than 

competing alternatives such as diesel, butagas and kerosene.
 

Second, renewable technologies 
make use of readily available and cost-free 

solar and wind resources base in Egypt, and thereby can replace petroleum and 

petroleum products it. a number of agricultural, industrial and residential 

applications. Thus, extensive use of renewables frees up valuable petroleum
 

commodities for export. This contributes 
to the Plan's objective to increase
 

petroleum export revenues 
in order to offset the country's substantial trade 

de fici t. 
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Third, renewable terlinoI Hi,, pro\'i'e significant opportuniti es for 1,tal 

employment through the manufacture,, instsallation, operation and rwit ntenanco.
 

of tho;te syvstvm ini the co"ttitry. This accommodates 
 th Plan's objectives to promote
 

local Industries, substitute local 
 products 
for export, increase employment op

pnrtunities In the urban and rural 
sectors, and expand 
the country's scientific
 

and technological base.
 

Lastly, renewable technologies are 
generally pollution free, thus 
providing
 

a reliable and 
stable energy source thati satisfies Egypt's environmental
 

s t-a hirds and requirements.
 

In summary, renewables 
can make a major contribution to 
the country's
 

developient objectives and should 
be strongly considered and promoted by
 

C()E decision-make 
rs. The followini, chapters discuss In 
detail tie most ap

propriate renewable energy teclhnolo,,y/app]ication options based 
on the country's
 

characteristics and development plan objectives.
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3.0 	 APPLICATIONS CHARACTER I ZAT I ON
 

This section discusse; the' q iIpment 
 used, the energy use profiles and 

energy requir-ments for a number of applications that could effectively utilize, 

rnewable energy technologies. It also describe s the extent to which these 

applications are, or could be in use in Egypt. The applications described are 

th. following: 

o 	 Water pumping 
- Irrigation
 
- WWa1llanl consIp
ter inapt ion
 
- I ivestock water consunpt ion
 
- Land reclamation 
 and industrial applications 

o 	 Livestock operati(ons
 
- Poultry
 
-	 Beef Feedlot 
-	 Dairy farm 

o 	 Urban energy requirements 

o 	 Remote communications 

o 	 Cathodic protection 

o 	 Industrial/agricultural process heat 

o Building ci imat izat ion 

The purpose of the application characterizations is to determine the 

suitability of renewable energy technologies as potential sources of energy for 

the above applications. These applications were selected after discussion with 

Egyptian Government officials and after determining the government priorities as 

descrihed in the Five Year Development Plan. excludesIt the applications 

inc luded in the 	 original eleven candidate field tests. 

3.1 	 Water Pumpinp Applications 

Warer pumping applications include irrigation, livestock watering, human 

consumption, land reclamation, and industrial applications. Each of these 

applications are characterized by the quantity of water required, and sometimes 

by the seasonal variation in the water requirements. 
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3.1.1 Demand Characterization
 

3.1.1.1 Irrigation
 

Irrigation requirements for crops are governed by a number of factors in

cluding: the type of 
crop, crop growth cycle, climatic conditions (temperature, 

rainfall, humidity, wind and cloud cover), type and condition of the soil, 

land topography, field applicat ion and water conveyance efficiencies, and
 

Prorp pin; practices. Exhihit 3.1 shw; the 
consumptive use water requirements
 

for a variety of crops grown in the DAitA, Middle Egypt and Upper Egypt. 
 The
 

vAriat ion in water use ,' due
between ru;qi . is to the factors mentIoned above.
 

Witen requirements for irrigatian Pam, 
 and often do vary substantially from
 

m,,lh to month. Exhibit 3.2 s,,,; 
the unit water requirements in the Nil.e 

.I 
 1ev and Delta. It varies fromci igh,;of about 80 n3 /day/hectare in the July 

r.,epnhm;,r period to a low of abn;ot 30:03/dayihectare in January. The water 

demand may not necessarily match renewable energy resource availability. That 

is, months with higher insolation or wind speeds may not coincide with high 

water demand months. 

Energy required for pumping is a function of pumping head, volume of
 

.ater supplied and irrigation method. Irrigation method is a major determinant
 

of energy needed for pumping due to 
the variations in the water application 

eificiency and water pumping pressure needed for the various irrigation techni

ques. Exhibit 3.3 shows water requirements, pumping head and energy requirements
 

for irrigation in the New Lands 
Project. Water requirements are based 
on
 

climatic conditions as well as 
selected crops and croppinag patterns for each
 

area under cultivation.1 Unit energy requirements range 
from 40 kWh/fd/year
 

(100 kWh/hectare) to 1,194 kWh/fd/year (300)0 kWh/hectare) for off-farm pumping 

1 For details see: Ministry of Irrigation and UNDP, (1984). Consumptive Use 
of Water by Major Field Crops in Egypt. Technical Report No. 17 and Technical
 
Report No. 24, op. cit.
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EXHIBiT 3.1
 

CONSUMPTIVE USE WATER REQUIRFMTNTS IN EGYPT
 

Crop 
 Cubic Meters/Fd. Net Cultivated Area
 
_Delti 
 Middle E~vpt Upper Egvpt
 

Winter Crops
 

Wheat 
 1610 
 1990 
 2195
 

Bareley 
 1610 1990 
 2195
 
Lentils 
 1505 1505 
 1620
 
Lupines 
 1505 1505 
 1620
 
Fenugreek 
 1505 1505 
 1620
 
1kor! ebeans 
 1210 1570 1830
 
Suga rbeer s 1620 1935 
 2720 
Tomawoes 
 1620 1625 
 186n 
ot atoes 
 1620 1625 1860
 

Green pees 
 1525 1545 1605
 
Strawberry 
 1525 1545 1605 
Long berseem 
 2360 2845 3120
 
Flax 1410 
 1410 1410 
 1510
 

Sumwer Crops
 

Sorghum 
 2430 2755 2755
 
Maize 
 2430 2610 
 2800
 
Rice(planting) 
 4545 4690 
 4895
 
Groundnut,; 
 1870 1870 
 2350
 
Soybeans 
 2230 2585 
 3090
 
Sun flower 
 1810 1915 
 2000
 
Sesame 
 1810 1915 
 2000
 
Tomatues 
 1825 1880 
 2055
 
Potatoes 
 1825 1880 2055
 
Melons 
 1825 1880 2055
 
Green corn 2430 2610 2800
 
Sweet corn 
 2430 2610 2800
 
Cow peas 2430 2610 
 2800
 
Fodder sorghum 2430 2755 2755
 

Fruit Trees
 

Mangoes 
 3975 4145 
 4375
 
Guava 
 3975 4145 
 4375
 
Olives 3975 4145 
 4375
 
Grapes 
 3975 4145 
 4375
 
Citrus 5005 5185 5410
 
Date pal-
 5830 6870 8695
 
Wood trees 3975 4145 4375
 

Perennial Crops
 

Mapler grass 
 6610 7795 9910
 
Alalfa 
 6610 7795 
 9910
 
Sugarcane 
 7170 7170 9110
 

Assumptions: Net cultivated area Is 85% of gross 
area. For rainfed areas 200
 
mm of water depth is subtracted. Field 
application efficiencies are as follows:
 
70% for surface irrigation; 85% for sprinkler irrigation; 
and 95% for drip

irrigation. A IOZ loss in 
the min conveyance systeM is assumed. 
 For mixed 
water systems; 10% Is added to th' consumptive use valies for leaching. 

Source: Ministry of Irrigati-in ,nd rA"P. of(1984). An Economic Evaluation 

Nev Lands Projects In 
the Nat ioA Five Year Plan, 1982/03 - 1980/87. Technical 
Report No. 24 UNDP-EGV/8[/031 
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EXhBIT 3.2,f' 

UNIT WATER REQUIREMENTS IN THE NILE VALLEY AND DELTA 

Wai Lr Requirements per Month 

Month m3 /Feddan m3 /hectare m3/Day/Ifectare 

January 350 897 29 

February 503 1,290 46
 

March 507 1,300 42 

April 150P 43
1,302 


May 673 1,725 56
 

June 797 2,043 68
 

July 958 2,456 79
 

August 946 2,425 78
 

September 923 2,366 79
 

October 883 2,264 73
 

November 634 1,625 54
 

December 521 1,336 43
 

Annual 8203 21,031 

Modified from: U.S.G.S. (1979) Joint Egypt/U.S. Report on Egypt/U.S.
 
Cooperative Energy Assessneiv., Volume 2. DOE/IA-002/02 
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to 44 kh/fd/year to 1,140 kWh/fd/yea r for on-farm pumping. On-farm pumpIng
 

head is primarily determined by the type of irrigation method used. Off-farm
 

pumping head is deternined princIpa llv by the 
head difference betwe en the water
 

source and demand points. Total annal 
Irrigation energy requirements for New
 

Lands Projects is 491,000 M;Th. The energy requirements are approximately
 

equivalent 
to the energy output from a 100 MW baseload power plant.
 

Tht New Lands Project data has been reported only to indicate water and
 

energy requirements; it is t"nilhkel, 
 thav the;e land; will he suitable for thl
 

renewable energy pumping systems 
 inc oepower for irrigating the New Lands
 

Project areas will be supplied by the unified grid.
 

3.1.1.2 Livestock Wateri n, 

Livestock water 
requirem n t are easipr to compute than irrigation wa ter
 

requirements. The volume of water required is simply the 
product of water
 

consumed per .ead multiplied by the number of 
animals. Typical water requirements 

for livestock are shown in Exhibit 3.4. During the summer months, when
 

temperature is highest and 
the fodder is driest, the water requirements could
 

be greater. For example, water requirements for 
sheep and goats would increase
 

to about 8 liter/day, and 
for cattle to about 40-60 liters/day.
 

Typically, to prevent overgra:ziag In the locality of the water hole, each
 

water point should not serve more than 500 cattle or about 2000 sheep goats.
or 


Average annual water requirements for cattle, dairy cattle, sheep and goats 
are
 

shown in Exhibit 3.5.
 

The Water Master Plan assumes that a stereotypical herd consists of 600 cows 

(480 active, 120 culled), 424 heifers and steers and 632 calves. The water
 

requirements 
for such a herd would he about 70 cubic meters/day or about 15,000
 

cubic meters/year. This herd would annually consume 19.28 MT of green fodder,
 

3.08 MT of straw, 2.79 MT of compound 
feed and 0.46 MT of hay. The annual
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EXMITBIT 3.4 

TYPICAL, WV'ER REQUIREMENTS 

Water Requirements 
Animal Li te rs/Day 

Horse 50 

Dairy Cattle 40 

Cat tle 20 

Pig 20 

Sheep 5 

Goat 5 

Poul try 0.1 

EXHIBIT 3.5
 

ANNUAL WATER REQUfIREMENTS PER WATER POINT 

Water
 
Herd Requirements (cubic meters)
 

500 Dairy Cattle 
 7300
 

500 Cattle 
 3650
 

2000 Sheep or Goats 
 3650
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output of the herd would be 
1,248 XT of milk, 185.58 MT of meat and 15,582 MT
 

of manure.
 

3.1.1.3 Humar! Consumption 

Domestic water requirements vary considerably as a function of water
 

availability. A World Health Organization (WHO) survey in 
1970 showed that water
 

consumption in developing countri averaged about 35 to 90 liters/day/person.
 

In contrast, urban areas 
 in Egypt con;ume about 180-200 liters/person/day for
 

domestic uses. Water consumption for all uses in des;ert industrial cities are
 

expected to be about 1000 .iter::/ ::;,n/day. The Five Year I).velopmunt Plan 

expects to provide 150 lters,/pp rnka:/day of wa ter in rural areas. 

3.1.1.4 Land Reclamation and Industrial Application 

These applications are both site and application specific. In general, 

land reclamation requires low head, high volume pumping. The World Bank 

project for drainage in the NIle Delta region plans to use pumps with capacities 

ranging from 1-5 m3 /second. The pumping power requirements are about 0.14 kW/fd 

(0.36 kW/hectare). The World Bank project uses 14 pumps to drain 600,00 fedcians. 

These pumps are expected to operae: 18 hours per day for 325 days/year. Total 

land area to be drained ultimatelv is estimated to be about 2.8 million feddans. 

Water pumping for an Inuinstrial appliaation would occur if the plant does 

not have access to pipe borne water or requires effluent water pumping. The 

water requirement for industry in Sad. t City is expected to be about 100 liters/day/ 

person, for a total daily consu:nption of 100,000 m3 /day. 

3.1 .1 .5 Energy Requirements for Pumping
 

Energy requirements for wat, r pumping is function
a of quantity of water 

pumped, pumping head and pu::p nquefficiency. 

Energy supplied to the pump is given by: 

E = V h kWh
 
366e
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Where e = Efficiency of t, pin:: ng system 

E = Energy required in k 'h 

h = Ifydraul Ic hiead in m. t ers 

V = Volume of water pumpd in cubic meters 

Exhibit 3.6 shows the relationshIp between quantity of water pumped, 

pumping head, and energy rvquireminnt. 

For example , it shows thatL 0 cattle which need 3650 cubic meters of 

water per year (linfe A on graph), requires about 20)0 kWh of pumping energy 

(line B on graph) annually when the pumping head is 100 meters. This energy
 

can be supplied by a PV array of 
abrut 11 .4 sq. meters, a 1.6 kW wind turbine,
 

or a biogas generator which is supplied by 5 cows (line C on graph).
 

3.1.2 Need in Egypt 2
 

Currently 6.3 million fedd.'ns are cultivated. Other areas which can be 

reclaimed and cultivated in the near-term, if the necessary water resources, 

material and labor can be found, is about 2.8 million feddans. In the long-term, 

an addittonal 5.5 million feddan; can he cultivated, of which 3.5 million border 

the Delta, 50,000 are west of the Delta, and 1 million feddans are in the 

oases. Lands which can be irrigated through raising the Nile water (maximum 3 m) 

is about 4.9 million feddans. Specifically, the area targeted for agriculture 

development in the Five Year Devel ,pmnt asPlan are follows:.
 

2 Sources:. State Information Service, (1983) Agriculture in the Arab Republic
 

of Egypt, Ministry of Information.
 

The American University, (1983) Egypt: A Country Study, U.S. Government
 
Printing Office.
 

GOE/DOE, (1979) Joint Egypt/U.S. Report on Egypt/U.S. Cooperative Energy
 
Assessment DOE/IA-0002/03.
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sited at Wadi El Ruwayan, in th-2 worst energy output month (November)
 

7.- Wind generators power output i., based on the energy output characteristics 
of a .7,-y Carter Model 25 whid turbin~e (30 kW) located at Hurghada in the 
worst energy output month (Novembfler) 

•3- Number of cows needed for h~gsproduction is based on 400 kWh equivalent-10I
 
of energy being produced anially by one cow (or equivalent) 

4. Pump efficiency is 50 percent-

Important: These equivalencies should be used only to obtain order-of-magnitude
 
values. Site technology, and application specific analyses should be conducted
 
when preparing conceptual designs or conducting feasibility studies.
 

EXHIBIT 3-6 
RELA TIONSHIP BETWEEN WA TER REQUIREMENTS, PUMPING HEA D, 

ENERGY REQUIREMENTS, AND PV, WIND AND BIOGAS 
GENERA TOR REQUIREMENTS 



o 	 The North Western Coa;t :
 

This coast extend:; 500 1,-:, from the city of Alexandria to the town of
 
Sallum. 15 ()(0 1 -~llin; hivc al ready been reclaimed (Mlaryut Exttunsio:1 
Project). Potent iilI ai ict area is estinated at about one million 
feddans. 

o 	 Sinai: 

The most fertile portion of the Sinai are In the Al-Arish valey to the 
east. The Sinai has 1 m i l in feddann of land which needs to h 
studied ext ensivelv to dt (ermine its suitability for agriculture 
product ion. 

o 	 The Red Sea:
 

An area en;timnted at 24-,"(ott Peddans, on the shores of 
toe 	 Hiigh bam 
lake may be cult iva ted tira" h bas;in Irrigation. Another area es'timated 
at 264,001 feddians may ho reclaimed through perennial irrigation. 

o 	 West Oases (The V,VlI 1ev):
 

The cultivable area 
is; 	 es timated at about 3 million feddans.
 

o 	 Northern Lakes 

The cultivable area is estimated at about 350,000 feddans, if drainage 
systems are installed.
 

Currently, nearly all 
the avaolable land is under perennial irrigation and
 

double cropping. Therefore the need for mechanical pumping (both high and low
 

head) is high.
 

The total energy consumed for all Irrigation (including drainage) 
in Egypt
 

in 1978 was approximately 1.0 hi linn kwh, with a modest growth 
to 2.3 billion
 

kWh by 1985. Irrigation water snal',s can he subdivided 
into three categories:
 

1) pumping from primary and secondar canals, 2) pumping from tertiary canals
 

and 3) pumping from isolated wells or regional reservoirs. The first two are,
 

of course, confined to the Nile Valley and Delta.
 

Total off-farm and on-farm annual 
irrigation energy requirements in the 

New Lands Project is expected to ho 226 and 265 x 106 kWh respectively (See Exhibit 

3.3 for energy requirements details).
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Off-farm pumping, such , K iumpi.ng' from primary and secondary canals, is 

a major responsbIl. ty of the 1I i try of Ir!gation. There are between 1,000 

and 1,20o ptimpi ng statio is A t, , ttl capacity of 700,000 horsepower. About 

95 percent of the pomping stat ii wore electrified with an annual consumption 

of 60(0 million kwh. 

Pump! ng from tort iay andii ;m. I channels (on-farm) is in private hands 

using animal drawn pumps and -:. idisel and electric pumps (approximately
 

10-20 hp). There were 
 abutt 8? ,dA seal 1 pumps used for irrigation in the Nie 

Valley and Delta; most were dlese.. About 100,000 tonnes of diesel fuel are 

estimated to be consumed annuallv. The Ministry of Irrigation is encouraging 

the private sector to shift fronm diesel to electric pumping. In work done by 

Louis Berger, International, Inc., the te:rtiary pumping electrificat ion of 

middle and upper Egypt was seen ino require 28,475 low lift pumps and 835 high 

lift pumps. This is part of theo- Egyptian Government's plans to eliminate 

gravity irrigation by lowering canal water levels and thus redresing the twin 

problems of rising ground water levels and increasing soil salinity. 

Pumping from isolatedi wA ls and regional reservoirs is found throughout 

Egypt, generally outside the Nilp VailIey and Delta and particularly on the 

Mediterranean Coast west of AlexAndria. 

In the Western Desert, t r is significant potential for increasing 

agricultural land. Currently 45,o00 feddans are under cultivation. By the 

year 2025, 500,000 feddans could be cultivated. Water requirements would 

increase from 358 mill'on cubic mot:,,rs per year to 1280 million cubic meturs. 

Water pumping energy requlrements won!d increase from an average of 7 wh/m 3 to 

3300 wh/m due to drawdown , sinr loss acessible water would have to be used. 

Total annual energy requirements would increase from 2.5 million kWh to 38.'i 

million kwh. 
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The irrigation developmnt projects in experimental farms in Giza, Kafr
 

A1-Shelkh, Al-Minya, Wall 
 A--Nir u an! nshas may" he appropriate for conductine, 

renewable energy field tList fr i ri'ia Lion applications.
 

The Five Year Development P la;n aims at deve liopfng the water supply and
 

sanitary sewage utiliti;es t hro eih' ut t he country. 
 The plan calls for expanding 

the capacity of existing water nations to meet Increasing demand and also 

increase storage capac i t:[es to mooLt. peak demands. The plan expects to increase 

per capita consumption of wAter in rural areas to 150 liters per day. 

The Five Year De 'elopment Plan e xpe cts to develop the Western Desert and 

other areas outside the Delta and Nile Valley. Many of these outlying villages
 

would require water for human and animal consumption and for irrigation. By 

the year 2000, 6.4 million househol ts are expected t be in rural areas. At a
 

per capita water cons;umption of 150 I iers/day, annual water requirements in 

rural areas for human consumptio alon'e will be about 
17.5 billion cubic meLuers.
 

Energy requLred to pump this qtantity of water would he about nearly 250,000 

MWh (assuming 25m heal and 50% pump efficiency) which is equivalent to a 5, 114 

base load power plant. 

The livestock industry, particularly, cattle, dairy and poultry, are 

important industries i Egypt. 'Th- livest ock and poultry operations are poten

tial markets for renewable e nerg v pumping syvstems, particularly the biogas 

based systems due to this ready availability of manure. 

3.2 Livestock Operations
 

3.2.1 Demand Characterization
 

Livestock operations characterized are poultry (broilers [chicken meat],
 

and egg production), dairy farm and a feed-lot.
beef These are three important 

livestock operations in Egypt. For the purpose of estimating electrical 

energy use in livestock operation;s, tvpical activities are grouped under several
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general categories:.
 

o Sheltering 

- ventilation, heat in , or cooling
 

- lighting
 
- waste disposal
 

o Feeding 

- solid food
 

- water
 

o Product Handling
 

- These are product specific. For example, milking, milk cooling,
 
egg handling.
 

The following sections wil I describe the factors influencing each of the 

activities mentioned above.
 

3.2.1.1 Sheltering
 

Ventilation requirements for livestock are governed by the type, 
 age and 

size of animal; 
type of building; density of animals in enclosures; and outdoor
 

temperatures and relative humidivy. 
 Thus, the energy requirements are animil
 

and site specific. For the purpose; 
 of this study, applications such as air
 

conditioning units, ventilation Fins, or electric brooder lamps (if 
used) are
 

considered.
 

Energy used for lighting de.pends on the types of animal and on the 

availability of natural light, th, 
latter being a function of bu1iding design. 

Waste disposal techntqune s, too, depend on the type of animal and the sheltecr 

design. Tractors or 
human labor could he used to dispose of waste, however, elec

trically driven pumps, cleaner arms, augers, conveyors, etc. can also be used. 

3.2.1.2 Feeding
 

Feed requirements depends on the type of livestock, their age and size, 

type of feed used, and environmental conditions. Mechanization of feeding
 

could be through the use of either tractors or automated conveying systems.
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Water requi rements for Ii ', ,';tock also depend on the factors described
 

above. Mechani za t ion general Iv cons i ;t s of 
 a water pumping system. 

3.2.1.3 Product lardl ing
 

This includes egp hand Ii 
 ,, gr aig, and cooling fo:" a poultry operation, 

or milking parlor operation in ti case of a dairy. 

The BDM Corporation in a ;tid-:of photovoltaic use in U.S. agriculture
 

identified the energy 
 required icr vair ous I ivestock operations.
 

Energy estimates were o1jiL:ctel f or each of the 
 above operations. This data 

was used to calculate the electrIcAl inwrgy require nnts per unit
 

of product, and is shown in 
 L::!c it3.7. For the stereotypical dairy herd
 

described previously, t otal ric' il 
 oner-ly requireifitents are about 160 MWh/year 

(1248 MT of milk* L20 kWh/MT/ye : 1 185.58 Ir" of meat* 40 kWh/year). 

The poultry industry is a h piy developed indu;trv in Egypt. The General
 

Poultry Company (GPC) is responw;Hi-e for all 
 government sector poultry operations. 

The private sector also plays a X,:ry active role in botii agg and chicken mneat 

produict toi. The following pou It ry ope ration cliarc, eri:'at:ions are based on
 

discussions with Dr. 
 Ezzat Abdol lmitd, Cneral 't1:aiuwcr, Ceneral Po try Company. 

o All GPC broiler and I cvi perat ions ire fulv ' auItomated . 'They use 
both open and closed ,k',ut I llit ioi s;yst.111; . ALrTomat Ic op Irat:io s 
include feed i ng , wa r '. lit: ion, i:iiciure (for layers)l i; ; collect ion 
egg colIlectIon and e;,, :-t 

" Each broil er house c l Hi:;i 1, 00) to I 5(,0') hi rds and each farm 
contains about 8 to 1? i .<;,s,. Tue PC broile:r operat tons produce 30 
million broilers per yr. The i)r vate sc tor broiler houses are 
smaller, they cont-a tic bh t. :,000 hrds,; housqe. 
private sector produr.: c0.)ut 12() mil llion broilers per year. Based 
on data in Exhibi t 3./ :incwlcl electrical energy requirements for a 
GPC broiler larin is ;ibccct 1'1 !hWh, (assumini rg a 2 month growth cycle, 
and a 2 kg of chlcl,en i, . vil!d/bird). 

I p,.r However, the 

3 Mengel, R.W. et.al. Photovoltaic Applications Definition and Photovoltaic 
System Definition Studyi-n the A,,-ri c-ultutralSect-or.-F-inal Report, Volume I I I 
SAND 79-7018, August 1978. 
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BITE FYH 3.7 

ELECTRICAL ENERGY REQUIREMENS FOR LIVESTOCK OPERATIONS 

OPERATION TOTAL ANNAUL ELECTRICAL ENERGY REQUIREMENTS IN ALBAMA, USA 

KWH
 

Beef feed-lot 
40/MT of Meat 

Dairy Operation 
120/MT of Milk
 

Egg, Product ion 10.5/1000 eggs
 

2. 4 /layer 

Broilers 

90/MT of Meat 

Source: 
 Mengel, R.W., O.H. Merrill, et al (1978) op. 
ct. 



A typical GPC layer operation has 10,000 birds per house. There are
 
100 GPC layer farms, each containing 3 to 4 houses. The private
 
sector layer operations are smaller, and they are less automated.
 
The typical private sector layer house has 2,000 to 3,000 birds,
Based on data In Exhibit 3.7, annual electrical energy requireme tis 
~for a GPC layer farm is about 96 MWh annually.' 

o 
GPC parent farms in Egypt produce 150 million pullets annually.
 
They supply'both the private sector (120 million) and the GPC broiler
 
farms. The parent farms use No. 2 fuel oil for brooder heating.
 

o 	Broilers are kept on concrete 
floors lined with straw. Manure collec
tion occurs at the end of the two month growth cycle when the manure

and straw are removed and fresh straw is laid on the floor. 

o 	Layers are kept on wire mesh. Manure is collected irnto pits by

automatic sweeps. Manure from layer operations are presently sold as
 
fertilizer. About 40 to 50 percent of 
the manure produced can be
 
sold. The remainder is burnt.
 

o 	All farms are in electrified areas. However, since a reliable power
 
supply is essential due to the ventilation, feeding and other qritical

requirements, all farms have backup diesel generators. 
 Each layer 
farm has two 500kW generators and each broiler and parent farm has 
two 250kW generators. One is the primary generator and the other is 
the backup. These generators have to be used quite frequently.
 

For a 250 head beef feedlot, total electrical energy requirements would be
 

about 30 MWh per year, assuming that three animals would be equivalent to one
 

MT 	of meat.
 

3.2.2 The Need in Egypt
 

The livestock industry, particularly, cattle, dairy and poultry, are expected
 

to 
play an important role during the Five Year Development Plan period. Between
 

1981/82 and 1986/87 animal meat production is expected to increase from 362,000 MT 

to 	397,000 MT, chicken meat production from 150,000 MT to 251,000 MT and eggs
 

from 90,000 MT to 131,000 MT. The total cattle herd strength in 1980 T, 5.5 

million. Private sector poultry falms totalled 4491 in 1981/82. Average 

number of poultry per farm was about 5,000 birds. 

The Five Year Development Plan expects milk production increase to 2.5
to 


million MT by 1986/87. At 2.6 MT/year of 	 milk per cow, the expected 1986/87 

milk production would require about 
1 million cows. For the stereotypical ' 
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dairy 	herd which has 480 milk cown, ,but 2,000 milk parlors would be required 

to supply the 2.5 million ton; ,I mill. These milk parlors could be supplied
 

with electricity 
generated us 1 ,'i,. wable energy tchnologies.
 

The planned developmnnt o I ta We;tern 
 Dsrt and other out Iyi ng areas will 

undoubtedly result in liwyestock ulijc: ion operations being developed in these
 

areas. Renewable energy power sonrces could prove 
 to be feasible power sources 

for operations In these areas. 

3.3 	 Urban Energy Requirement!; 

3.3.1 	 Demand Characterizat ion 

Urban energy requi remnLs are considerably higher than village energy
 

requirements. Exhibit 3.8 shows the annual energy 
 requirements for a 100,000 and 

500,000 person city. 

All urban areas are expected to be electrified. Therefore, it is unlikely
 

that a renewable energy technology will provide electricity for a specific
 

dwelling or commercial operation, rather, 
 the technology will be integrated 

into unified the generating system. 

3. 	 3.2 Need in Egypt 

By the year 2000, the urban population would have increased to about 33 

million persons. The Five Year Development Plan envisages developing cities in 

the Wester Desert, Sinai and Red Sea area as a means of easing population 

pressures on existing cities. The Increased urban population and the new cities 

will require substantial amounts of electricity and other forms of energy. 

This demand could be partly satisfied using renewable energy technology. 

3.4 	 Remote Communications
 

3.4.1 	 Demand Characteristics
 

The applications Include: 
 microwave repeater stations, telephone and
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EXHIBIT 3.8 

ANNUAL URBAN ENERCY REQUIREMENTS 

Demand Sector 100,0(0) Person City 500,000 Person City 

Residential 
- Electricity (MWh) 45,800 228,900 
-
-

Butagas (MT) 
Kerosene (m3 ) 

3,600 

800 
18,000 

4,000 

Commercial (MWh) 30,500 152,600 

Community Services (MWh) 
- Water Supply and Sewage 14,300 71,700 
- Street Lighting 1,600 8,000 

Total Electricity Demand (MWh) 96,600 483,200 
(Excludes industrial sector 
demand) 

Derived from data in Egypt/DOE (1979), op. cit. Based on expected demand in
 
the year 2000.
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television repeater stations, telov i i ,n trang lt ors, ".ateIlite ground stat in , 

radio-telephone interlink units, ra i" ran.;receiver.s And telemetering system;
 

Fiber optic-based repeater stat 
 ,ln A-e well suited for renewable energy tech

nology power sourc,"; . They offer Wwi,:reased voice and da tLransmi 
 sion capabi.i ty 

and lower powe r requirements. In manoyx instances, conmunlication systems 
are
 

located in remote Inaccessible siL Us (e.g., 
mountain tops) where the depeod,,siAi
 

and maintenance-f ree characterisotic.s of renewable energy technologies make them
 

ideal power sources.
 

Power requirements are, of 
course, application specific. Microwave repeaters 

require about 2.5 mW/channel per :i loneter. Land mobile repeaters, unlike microwave 

systems, only transmit when remotl,' / keyed. Since t:hey are in a stand-by mode most 

of the time, they use just a fraction of the transmit power drain. A 120 wl 

day svstem is sufficient for most 1(K (RF power) repeatiers and even some 2.1s'
 

repeaters, depending the
on duty cycle. A 480 wlh/day system can pCwer a 90W
 

repeater with a 10 percent duty cycle. 
 A 1-2 kW system can power a continuous
 

duty transmitter such as 
a VIII or UIF repeater with a current drain of about
 

two amps at 24 V.
 

Egypt has recognized the appropriateness of using PV for 
powering remote
 

communication system. In 1984 requamt 
for quotations for eight Installations
 

was made. PV power was required for five microwave repeater stations and
 

three television (TV) transmission stations. 
 Power requirements ranged from
 

150 W to 800 W. Details of these systems 
are shown in Exhibit 3.9.
 

3.4.2 	 The Need in Egypt
 

The Five Year Development Plan anticipates 
that the Ministry of Communications
 

will spend L.E. 197 million 4 for replacement and renovation of existing systems;
 

4 US$ 	l.00=L.E. 
1.25
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Exhibit 3.9
 

PHOTOVOLTAIC POWERED REMOTE CO,"MMUNICATION SYSTEMS TO BE
 
INSTALLED IN EGYPT 

SYSTEM (Location) 
DAILY DEMAND 

ENERGY(kWh) POWER(kW) 
PV Array Peak Power* 

kWp 
Battery Storage 

AH, V 

5 Microwave Repeater Stations 

(25.75°N, 36.5'E; 25.38°N, 34.7°E; 

3.6 0.150 1.22 525,48 

25.OO'N, 34.92'E; 2 .58°N, 35.16 0 E) 

TV Trars:iss1cn- Station at UM 

Hluwaiat (26.5rN, 33.66-E) 

El 14.4 0.800 1.06 1R0 : 4 

TV Transmission Station at West 

1 (27.85-N, 31.23-E) 

14.4 0.600 5.53 1500,48 

TV Transmission Station at West 

2 (26.55-N, 31.5-E) 

14.4 0.600 5.58 1500,48 

• Includes 20% reserve power 



L.E. 1,724 million for complet i,, ad expinsion of communication networks; and 

L.E. 144 million for new inMoalt .t in;. Total fixed Investment in communi'ation,; 

is expected to be L.E. 720 mil lion. It Is anticipated that par: of these funds 

would be utilized in expanding W, ,ti iinication network to cover a larger area 

of the country, which would resol: in a significant demand for remote communication 

installation of the type discue.! in Se tion 3.4.1. 

3.5 	 Cathodic Protection 

3.5.1 	 Demand Characterizat ion 

Renewable unergy technologies can be a source of electric power for cathodic 

protection of pipelines, well-casings, storage, bridges, piers, docks and locks, 

ship hulls, and offshore metal lic- s t ruetures. The power source must supply a 

low voltage DC current between the metallic structure (cathode) and a passive 

electrode (anode). The electric curren: prevents oxidation reactions at the 

surface of the metal structure, the:reby greatly prolonging its life. Power 

requirements are dependent on size and shape of the structure, the type of 

metal, the degree of protection (e.g. paint) soil characteristics and other 

factors. Typically, current required for protection range from 3 nk/n 2 tocan 

over 100 nA/m 2 of surface. 

The General Petroleum Corporation (GPC) is already using Impressed 

current cathodic protection systems to protect submarine pipelines, oil storage 

tanks and petroleum well casings. They have observed that imprvssed current 

systems perform satisfactorily close to shore on submarine pipelines, but 

further out to sea, these proterL: ion s'stems are not verv effect ive. Therefore, 

in the future, they plan to use sicril icial anodes instead of impressed current 

cathodic protection systems for tb.ir submarine pipelines. Onshore C;PC storage 

tanks use epoxy coatings to provide 70 percent of thi.s required protection. 

The remaining corrosion protect ion is provided by impressed current systems. 
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3.5.2 The Need in Egypt 

The GPC currently has 14 submarine pipelines, each about 2 km long, 

protected using impressed current Systems. Power for protecting the pipelines, 

storage tanks, and well casings ire ;upplied by the grid or by diesel generators 

or 	 gas turbines that also supply power to the petrol enm pumps and other 

facilities at the wel l sites. S inop most of their equipment: that require;
 

protection are within a short dl:rncaa 
 from tihe grid or the GP power gene rat)ors, 

they do not forsee a major need wr ,;aluernative power sources tor cathodic 

protection.
 

The Petroleum Transportat ion and Distribution Company may have a greater 

need for alternative energy power sources for cathodic protection if their 

pipelines are underground, since- these pipelines cover longer distances in 

non-electrified areas. Petroleu: transportation using pipelines is expected to 

play an Increasingly dominant role in product distribution. In 1981/82, seven 

percent more crude oil and Its products , six percent more natural gas, and ten 

percent more butagas was transpo)rted b pipeline compared to the previous year. 

If some of the pipelin1 descrihed below are underground, they could he 

protected by renewable energy tLchnol ogy--powered cathodic protection devices. 

o 	 Sumied pipeline whicl a: built to serve th, International market. It 
transports oil from t , e Spa to the Medi terranean. 

o 	 The pipeline network L,-*pn S:;ez and Cairo and between those cities 
and Alexandria and tA iD t a region. 

o 	 The pipeline network that links the Abou Madi field with the fertilizer 
and power plant In TaMI:P,;, and the weaving and textile factories at 
El-Mahalla E1-Kuhra. 

o 	 The pipeline network cunnet ing the Ahoul Charadeek field and the iron, 
steel and cement factories in Itelwan, and its extension to 	Suez. 

o 	 The pipeline connecting tie Alu Clir gas field with Uric fertilizer 
plants and the two elec'tric power plants In Damanimour and Kaf El-Dawar. 
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The Five Year Development J'lan :pects the annual output of the public sector 

petroleum transportation and dlst - !,nt Ion companies to increase 17.5 percent 

and 11.5 percent, respect fveilx . Anyi n.w pfpeltno networlt s that are required to
 

support the production from tlnoc, 
 ,:,.ite, will ai!-so he candidates for cathodic
 

protection systems.
 

3.6 Agricultural and Industrial Process Heat
 

In the followling section, ttl,five Egyptian agricultural and industrial
 

processing indust ry 
 candida to for ,ppI ication of renewable energy technology
 

for low 
 temperature ste.am appiliciit. un,. are characterized. They are: food 

canning, hydrogenated oil, soap .ii)tif:ctL re, pharmaceuticals, and heverages. 

Their s itability ,s based on two ,eit-ral criteria: a) they have a high require

ment for moderate temperature thermal energy and, b) they are strategic and high 

growth industries.
 

The Egyptian Electrical Autlnri t y (EA), has estimated medium temperature 

energy demand (<450'C) for the induistrial sector - demand including existing 

facilities and those currently undr construction - for 1981 to be 1.159 x 106 

Tonnes of oil. This energy demand was projected to rise to 2.273 x 106 Tonnes 

by 	1986 and 4.664 x 106 Tonnes by 2000. 5 Solar energy potential in meeting the
 

.<105 T onnes, 

of the load. Additionally, the 

1981 energy demand was assessed to !;-- .8.309) 	 or approximately 72" 

food inlui,;try in 1980/81 consumed approximately 

85% less energy than did the small crhumnica] industry sector (85,000 tonnes of 

oil compared to 530,000 tonnes 5In 	the ch(mical industry). Thus, due to its
 

relatively high energy demand, the chemical production sector would seem to 

have higher priority in the application of renewable energy. 
Thus, there is an
 

enormous potential for the application of 
renewable energy in the industrial.
 

5 	Hegazi, A. (1984) Solar Energy Technologies and Their Practical Applications

in the World and in Egypt. Egypt Electricity Authority Study.
 



sector.
 

3.6.1 Food Canning
 

3.6.1.1 Demand Characterization
 

Processing of 
food by canning is a thermal energy intensive operation with 

steam/water serving as the usual heat transfer medium. There are variations to
 

the process, but there is a basic sequence which is common to the canning 
 of all
 

products (see Exhibit 3.10). The steps requiring thermal energy are blanching,
 

cooking, brine or 
 syrup addition (packing medium) and retorting or can sealing.
 

Saturated, low pressure 
 steam (15 psig) Ls used to provide the heat in all three 

steps. The temperature range is from 71C (brining) to 127C (sealing). 6 

An average tool process s t tam requ rement for canned corn Is 4.5 kg/hr per 

case (24 cans). However, the peak load is significantly higher at approximately 

5,550 kg/hr (9.96 GJ/hr). This is because the ,;teril ation, or retorting process, 

is a quick process requiring a large amount of heat. Thus, canning steam boilers 

have to be quite large relative to their base load demand. 

3.6.1.2 Need in Egypt
 

The Egyptian food industry as a whole is expected to have increased its 

1987 production 13% over 7
its 1982 level (See Exhibit 3.11) . The combined fruit
 

and vegetable production level shold show a 12% increase over 
this same period.
 

The thermal energy energy consumption for the canning industry in Egypt is expected
 

to increase to 1.68 x 1015 J per annum reflecting the above figures. 8 A typical 

Egyptian cannery producing 720 cases per hour (24 12-ounce cans per case) has a 

be load demand of 8 .J/hr of t he rmj.I energy, or 3270 kg of st eam per hour 

6 Desrosuv, N. (1977) Elements of Food Technology. Avi Publishing Company. 

7 GOE (1982) The Five Year Development Plan 1982-1987. 

8 GOE and U.S. DOE (1979) op. cit. 
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Exhibit 3.10 

THERMAL SIZE PLANT CANNING PROCESS 
AND THERMALENERGY FLOW CHART 

IcleaningJ 
LI 

2.80 GJ/hr 

90 

sI ze 
grading[~o~J 
blanching steam 

cool ing 

canning 

Iproduction rate: 
720 cases/hr 
24 cans/case
12 ounces/can 

1.8 GJ/hr brine or 

o syrup -------- steam 

3.3 GJ/hr
130°C 

retorting
(sealing) steam 
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Exhibit 3.11
 

TIERMAL ENERGY LOAD
 

FOR THE EGYPIIAN FOOD CANNING INDUSTRY 

Production Level 

(10 °tonnes) 

12 13.4 

Thermal Energy Load 

(I01 5j) 
0.147 0.168 

Percent Increase 12 
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(.994 MJ/lb steam). Because canneries use low pressure (15 psig) steam, they 

are an appropriate application for solar energy technologies. 

3.6.2 Hydrogenated Oil
 

3.6.2.1 Demand Characte-rization
 

Hydrogenated oils, used in runy food processing industries, are one of 

the ten largesc alimentary operat ions; 
in 	Egypt, on a production level basis.
 

Hydrogenating, or upgrading, of a:nKN;ii and vegetable oilsc, is a multi-step
 

process (see Exhibits 3.12 and '.!)) which 
 Involves bleaching, Vacum drying, 

hydrogenating, deodorizing and packing. 
The entire process, however, is called 

hydrogenation. It is a continmousl process with the operation being a function 

of the oil type feedstock Intendedi for u;pgrading. 

Approximately 50% of the t he rmnal energy used in chis process is used for 

vacuum drying stockthe before it enters the hydrogvenerator. The remainder is
 

needed tor saturated steam which fs used In a water 
 shift reaction to produce
 

the needed hydrogenating agent 112. The 
 vacuum dryers are raised to temperatures 

between 2000 and 250°C. 9 An Egypttian hydrogenation oil plant consumes 5 x 101 0 

J per annum of thermal energy (93Z of total process energy requirement). For a
 

75 percent capacity factor and 24-hr day production, the average Egyptian hydro

oils plant (yielding 15 Tonnes/Hr or 	 98550 Tonnes/yr) has a 70 GJ/Hr heat flux 

load.
 

3.6.2.2 Need in Egypt
 

Hydrogenated oils are a major ingredient in many food processes and 
are 

also highly used in home food preparation. Since vegetable and animal oils are 

foodstuffs, their production and consumption are obviously a function of 

population. The 1982 production was 1.42 x 105 Tonnes.1 0 The 1982-87 five

9 	 Heid, J.L. and M. Joslyn (1967) Fundamentals of Food Processing Operations,
Air Publishing Company. 

10 	 GOE (1979) op. cit. 
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Exhibit 3.12 

2. V .. , : PROCESS FLOW DIAGRAN FOR VEGETABLE 
AND ANIMAL OIL HYDROGENATION, 

t j *. 
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Exhibit 3.13
 

FOR.THERML ENERGY INPUTS ..:.r"''i FOREDIBLE OIL HYDROGENATION .... 

mixing 

centrifuging 

35 GJ/h'---. 

200 -250OC4 

... 

I' 

vacuum 
drying

.. 
7' 
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production rate: 
15 metrictonnes/hr, 

-,130C 
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S-.' 
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year plan projects production to grow to 2.5 x 10 Tonnes/yr in 1987. Exhibit 

3.14 gives the projected therml ee r gy consumption plans for the industry
 

based on Egyptian government eeL Le and assuming a constant industry energy 

efficiency during the 1982-1987 period. 

During this period the ;ptians not only hope to increase production to
 

keep pace with prediced pupopulation growth, 
 but also expect to decrease 

hydrogenated oil imports by 250. The moderate temperature, high heat requirement 

for hydrogenation suggests a potentially successful application of solar thermal 

technology.
 

3.6.3 Soap Manufacture
 

3.6.3.1 Demand Characterization 

Soap making is an age-old process whose basic mnnufacturing process has
 

evolved over thousands of year.s,. 'Thre overall 
cnmmerc[al process is based on a 

seed chemical reaction: combining giyceryl stearate with caustic soda to form
 

sodium stearate (soap) and glycerine.
 

The typical soap making process 
 is comprised of two basic sub-processes:
 

saponification 
and finishing. The saponification stage, the thermal energy
 

intensive step, 
 is where the soap waking process variation is encountered. The 

batch or Twitchell process, such a'; in used in Egypt, consists of several steps
 

(see Exhibit 3.15). The steam Intensive step is the formation of the
 

saponitication charge. 
Live steam Is introduced into the base of a boiling 

kettle to heat and agitate the oils. Once the mixture is boiling, the caustic
 

soda is added, and the soap is formed. 1 I 
 The boiling of a one Tonne kettle
 

requires 3.3 GJ/hr for 
a 12 hour period. 
 For this process saturated, 10°C
 

steam can be used. Steam is also used via heat exchange to dry the soap. For 

a 1000kg per day operation the drying requires 14.4 MJ/hr 1 2 , less than 1% of 

11 Encyclopedia of Chemical Technology (1983) Kirk and Other Academic Press. 

12 Proctor & Gamble Company, Quincy Mass. Personel communication, July 1985. 
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HYDROCFNATFI) OIL INDUSTRY TtERMAL
 

ENERGY (E)NSLJMP1 ION IN EGYPI
 

Production Level 

(105 metrictonnes) 

142 250 

Thermal Energy Consumption 

(1015 J) 

0.74 1.31 

Percent Growth ---- 76 
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I_ tiib t 3 .1 

PROCI,SrFLOW DIAGP^tM FOR
 
KETHII SOAP MANUFACTURE W ITH
 
THERMAI ItRGY REQUIREMNIS
 

3.3 GJ/hr- rif oeam 
1000 C , 1 ' - steam 

(cool ing) 

Production rafc: 
1000 Kg/12-hour day 

Ed , i C, 

14 MJhrryi ng, steam--> hot air 

mill ing 

Cut-t i rigri 
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the total requirement. A typical batch processing plant produces 200 Tonnes of 

soap per week. Thus, a plant would need to have a 661 GJ/hr steam supply. 

3.6.3.2 Need in Egyp_t -

Currently Egypt consumt 2.2] x 106 GJ/yr in the manufacture of hand and 

laundry soap with laundry soap unIng 90% of that total. According to the
 

1982-87 five year economic plan for 
Egypt, 	the domestic soap production is 

projected to increase 26% to 340,000 Tonnes per year by 1987 (see Exhibit 3.16). 

Since there is no expected cha:no In the process englneering, I.e., upgrading 

of facilities to more energy 	 etflicient, expensive, continuous units; the energy 

consumption should increase by the samre factor as product ion. Hence, It is
 

expected 
 the total annual steam energy requirement for the Egyptian soap
 

processing industry will reach 10 6
2.79 x GJ/yr in 1987.13 

3.6.4 	 Pharmaceuticals
 

Pharmaceuticals 
 is a general descriptor for a wide variety of products 

which, 	 consequently, have a 	 number of manufacturing processes associated with
 

them. For example, the manufacturing of ascorbic 
 acid, vitamin C, is a relatively 

simple 	 four step process which Is initiated with a 	 glucose feedstock. Conversely, 

the penicillin process is quite complex involving precise control of culture 

propagation, fermentation, and proefpi-tatlon, with each subprocess composed of 

many steps (See Exhibit 3.17). 

We have chosen to characterize the salicylic acid, aspirin process. 

Aspirin manufacture is a 
multi-step process which requires substantial process 

steam (see Exhibit 3.18).14 The production of salicylic acid requires four 

general reactions of the input chemical feedstocks: phenol, caustic soda,
 

13 GOE and U.S. DOE op. cit. 

14 Shreve, N. op. cit. 
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Exhibit 3.16 

EGYPTIAN SOAP PRODUCTION AND ENERGY CONSUMPTION 

Production level 
 2.7 


(10 5tonnes)
 

Thermal energy consumption 
 0.63 0.79
 

(1015 j) 

Percent growth 
 26'
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Exhibit 3.18
 
......
......................................
"' 
 POCESS FLOW 
-DIAGRAM
FOR. 


.
 
ASPIRN MANUFACTURE Wilh
 

THERMAL ENERGY REQOIREMENTS
 

phenol/caustic \
 

mixing'
 

0.436 GJ/hr
 
autoclave 


0 
!steam
 

120 C
 

production rate:
 
150 Kg/day
 

water
 
mixing
 

filtering
 

precipitation
 

centrifuging I * 

130 °0C [ drying
0.436 GJ/hr - vacuum steam---4hot air f :
 

$42, ,
 

" .
 .... " 

pack 
 ingr" 




sulfuric acid, carbon dioxide, 'inc and zinc sulfate. 

A plant producing 1,820 k ,of aspirin per day (152 kg/hr for 12a hour
 

day) requires 4,550 lbs of process 
 steam. Thus the aspirin manufacture
 

thermal energy requirement: I 2.' Q 
steam per kg of aspi rin. The saturated
 

steam temperature for the prces, !s approximately 130" C thus, the thermal 
 energy 

requirem'nt is 2.62 MJ per kg nU aspirin produced. Therefore, the afurmenttoned 

plant has a thermal energy load ri 0.873 Cf/hr. 

The 	 GOE Five Year Economic Plan projects a 117% Increase (1.56 x 105 

Tonnes to 3.40 x 105 Tonnes) in domes tic productinns of medicines between 

1982/83 and 1986/87.15 This ruprosents one of the largest production sector 

increases over the period. Ass: .: 

1) 	 all pharmaceutical procses consume approximately the same thermal 
energy as aspirin mnun!.c:ure 

2) 	 a 9 month, 12-hr/day ,iannala production schedule 

3) 	 there will be no cflanyin; in process energy requirements (per unit 
basis) for the period. 

The total Egypt thermal ene r;v load used in the manufacture of 

pharmaceuticals for 1981/82 was 0.95 x 1015J. This then should increase to 

2.06 x 10 1 5 J in 1986/87 (see Exhihi; 3.19). 

3.6.5 Beverage Industry 

3.6.5.1 Demand Characterization 

Beverage production is defined for this analysis to include the soft 

drink and malted beverage industrNs. The malted beverage, or beer, process is 

more energy intensive than soft drinL: making due to the added heat needed for 

fermentation. Secondly, the only process steam requirement for the soft drink 

process is for bottle sterilization which is essentially the same as the canning
 

15 GOE op. cit.
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Exhibit 3.19
 

THERMAL ENERGY LOAD OF THE
 

PHARMACEiTICAL INDUSTRY IN EGYPT
 

19 1L82 19 fL8_7 

Production Level 

(10 5 metfric tonnes) 

1.56 3.40 

Thermal Energy 

Consumpt io2;: 1 5j) 
0.95 2.06 

Percent Growth 117 
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retorting process (See 3.6.1). Thus, we have opted to characterize the beer 

making process.
 

Beer and malted beverages are non-distilled splfi , made from a variety 

of grains and flavoring hops. The commercial process n; juite sophisticated 

although the basic steps are 
quitp sm[iple. Coincidennt l, the process was
 

developed by the ancient Egypti:ans*; over 3,000 years ago. 
 The four basic
 

processes, malting (boiling), brow1ng, (hops mixing), fermenting and storage, 

can be dlistinguished by their dliftrent 
process temperatures (See Exhibit 3.20). 

Malting requires boiling tenperatures ald, therefore, the most intense heat In 

the process. Hops mixing is don. at 75"C, fermerting and storage at 70 and O°C 

respectively. For quality brewi ng , consi stent temperature maintenance is very
 

important. Thu3, temperature control Is crucial in the 
 energy flow for beer 

making. 

The process requires 4.4 MJ per liter of 1 6beer produced. Egypt's annual 

production is approximately 28,60(5,000 liters per annum.17 Assuming a 9 month, 

24 hour per day plant operating s-hedul e, the Egyptian Pyramid Beer Company 

produces 20,000 liters per hour and therefore requires 90 GJ per hour in power 

and heat. Sixty percent of the en,:'y used by commercial breweries is used for 

heat, thus the heat flux for the Pvramid plant is approximately 54 GJ/hr. The 

annual energy consumption is 1.2n, x 10 14 .1/yr. 

3.6.5.2 Need in Egypt
 

The brewing process is well-suited for the application of solar thermal
 

tecbnology. The temperatares are 
less than or equal to 100°C hence less
 

expensive flat plate technology can be used.
 

16 Shreve, N. op. cit.
 

17 GOE and U.S. DOE op cit.
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Exh Ibit 3.20 

PROCESS FLOW DIAGRAM OF BEER 
PRODUCTION WITH THERMAL 

ENERGY REQUIREMENTS 
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.,mixing 
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addition 
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* 
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ong steam :.r) 
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The malt beverage market In mnt societies is quite large and Egypt Is
 

no different. The Egyptian 
govrnmiu predicts a 28% I ncrease in production
 

between 1982 
 and 1987 (See Exihibit 3.21), thus, the Industry's annual energy
 

consumption should rise comme nsurate to 1.6 x 101J.
 

3.7 	 Building Climatizat ion 

3.7.1 	 Demand Characterization
 

Building climatization encompasses a broad 
 range of residential and 

commercial building energy requirements, including heating, cooling and lighting. 

Egyptian commercial and res[dential, buildings are generally similar 

in terms of construction techniques. U'ban buildings often consist of low

rise, multi-story structure s of thih masonry waill or, 
 more recently, of cement, 

steel and cement block construction. Today, almost all new construction is 

made of cement and steel. In the rtualn. areas, old style traditional masonry 

construction is more common, but here, too, 
ccment 	and steel construction
 

technology is gaining rapidly. 

Heating needs in Egypt 
are small. Ambient temperatue in Cairo falls 

below 18'C . only 4 months In winter. The coldest month of the year is 

January - ,, a monthly avcrage temperature; of 13.2C. Alexandria exhibits a 

similar winter with a January mean temperature of 13.5C. The city of Aswan in 

upper Egypt has a much warmer winter with the heating season occurring in 

January when the average temperature stays around 16.8°C. 

Cooling requirements vary )utsnt.lly throughout Egypt. Using a 

temperature of 25°C as the reference cooling temperature, the cooling season is 

three months long in Cairo and Alexandira. In Aswan the cooling load is much 

higher due to its distance from the sea; the cooling season extends over 7 

months per year. Exhibit 3.22 presents selected climatic data for all three 

cities and derives their heating and cooling loads. Appendix B contains the 
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Fx>iL it .21 

THERMAL ENERGY LOAD OF TIlE 

BEVERAGL I NDUISIRY I N EGYPT 

JS.t!/_8' J_9-86Y_ 

Production Level 2.86 3.66 

(10 61 liters) 

Thermal Energy 0.125 0.160 

(10 15j) 

Percent Increase --- 28 
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CLIMATE AND IIEAr I IG/-OL INC LOADS FOR 3 CITIES 

Annual Mean Temperature P C) 


January Average Temperature (C) 


August Average Temperature (OC) 


Average Annual Humidity (') 


Heating need (degree days) 


Cooling need (degree days) 


21.2 


13.2 


27.8 


56 


4C3.4 


343.0 


20.2 27.0 

13.5 16.8 

26.7 34.2 

70 27 

521.6 122.4 

194.7 1504.0 
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detailed derivation for Aswan, Alexandria and Cairo.
 

The heating and cooling lo:; are 
derived using the 
degree days method,
 

The degree-days method has 
 tiadi ionally been used for calculating the energy
 

required to heat a building duiring t season. 
For any period, the energy required
 

is estimated as the product of al overall 
bu1ilding conductannro, UA, nejih,
 

number of heating degree-days uva u.ated 
at an appropriat:e base temperature. 

The method is widely usa.d and, in the United States t. information is
 

available In 
tabulated deg.ree-da:ys 
format for severnl hundred locations and a
 

number of base temperatures,. The.;e degree-days statistics 
 were calculated from
 

daily temperature records for a thirty year period using a 
base temperature of
 

18.3 0 C.
 

In Egypt, such an analysi has not yet been undertaken or is not 
available.
 

The evaluation of a heat:ing and 'ool ing 
load using the monthly average temperature
 

can only be a rough approximation. The 
error In the analysis is most pronounced
 

when the base 
temperature is approximately equal to the monthly average ambient
 

temperature. 
 Blindly applying the dogree-days method leads 
to a zero heating
 

or 
cooling load. In reality, dali, and hourly temperatures are distributred
 

around the mean and 
can slow significant variations. Clearly, a need exists for
 

better modelling of the 
random nature of temperature and Its impact on degree

days estimation.
 

8
Erbs, Klein, and Beckman' have developed a method which only 
needs the
 

monthly average ambient temperature to obtain estimates of daily bin data and
 

the monthly heating or 
cooling degree-days for any base temperature. By defining
 

a unit density distribution function 
for monthly amb ant temperature it is
 

possible to develop a more exact 
reALionship between heating degree-days and
 

18 Erbs, D.G., Klein, S.A., 
Be-kman W.A., Estimat,>. of degree-days and
 
ambient temperature bin data 
from monthly-average temperatures, ASHRAE
 
Journal, June, 1983.
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the distribution of 
ambient tempraiire. 

Using Cairo's 
average mo,!h!', temperature averaged 
over the 1931-1960
 

period, a more accurate stsmitinn of 
heating and cooling degree-days was
 

derived.
 

In order to calculate 
the e:nttg and cooling load for typical Egyptian 

dwellings, a simplified evaluat lon of the heat loss 
coefficient was 
derived.
 

The dwelling chosen 2as repre.sn it I ve was a 120 m apartment in a mult i-stnry
 

modern concrete buLilding. 
 EvN thougli such a conflgurtiAc is different than 

traditional 
building designs, it Is representative of current 
and future building 

designs. 

heat loss coefficient
The for an Egyptian house Is 
calculated to 
be 4.15
 
° 2
W1 C-M . Detailed evaluation of 
the heat loss of a typical Egyptian dwelling 

is contained in Appendix C. 'Ihe v:Lie is high and re-lects the lack of buildin, 

insulation and 
the low air tight'oss of typical homes. U.S. 
houses are generally
 

a factor of 
2 to 3 lower in terms of heat 
less coefficients.
 

Using a Lotus 
123 model, the heatIng load for the representative apartment
 

was calculated. 
 The heating season is assumed to extend from the month of
 

December 
to the month of 
March and heating Is required for 33 percent 
of the
 

space one third of the 
time. 
 Tihe annual heating load is calculated to be 483 

kWhth per year. This figure is hi gher than the guess in the U.S.-Egypt joint
 

assessment figure of 
250 kWh per year. 
 A cause of the discrepancy could be
 

that Egyptian households do not 
try to keep Indoor temperatures as high as the
 

18'C used 
in the model. 
Exhibit 3.23 presents 
the results of the computer
 

simulation used 
to derive the heating load.
 

The cooling load was 
derived in a 
similar fashion using cooling degree
 

days as a 
basis for load calculations. 
 Exhibit 
3.24 describes the approach
 

taken and the results of the analvY Is. Using a base temperature of 25°C as the 

required indoor space temperature, the cooling 
season is defined as the period
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EXHIBIT 3.23
 

HFfiTIN'3 LOD CiALCULATION FOP CAIRO 

DESCRIPTION VARIAB. UNITS mt, ;JJAN FE? , rY K!'[ JLRN JIk 8U0 SEPT OCT WV, DEC
I---- I ---------..----------.-.-.....-----..........-------------------------


BASE TEMP. 
 I Tb deg C 1 18.0 18.0 1l., ,18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0M"THLY AVG. TEMP, I Ta I deo C 13,2 14 It 202' 24.2 26.7 28.2 27.8 25.4 23.4 19.2 14.5AVG. YEAR TDEP, I Ty I deg C 1 21.2 ': :i.2 21.2 221.2 1.2' 21.2 1'.2 21.2 21,2 21.2 21,2 

DAYS FER ONTH I D I DAYS 1 31,0 2EI. 3,. 31.0 30.0 31.031,0 30.0 31.0 30. 0 31,.oHfOURS KiNTH I IFER Hr UiRS 1 744.0 6.72.0 7-,. 720.0 744. C 7:0.0 74.0 744.0 720. 0 744.0 720.0 744.0 

SC FOR LTD y, SqT I640 C j 4deg .. , 0 9.0 30.3 49.0 43.6 17.6 4.8 4.0 41.0(STD DEV. Ta/Ty Sjy deg C 5.05.5 4.5L 4.3 4.3 4.2 3.8 3.2 2.5 2.1 2.0 , 1.9STD D-V. Ta SD I deg C 1 1.4 1.4 1.3 1.1 1.0 1.0 0.9 0.9 0.9 09 1.0 1.1H FACTOR I H 1 0.6 0,5 0,2 -0.4 -1.1 -1.7 -2,1 -2.1 -1.5 -1.1 -0.2 0.5DIST. FLUC. OF Tb IDh(Tb) 1 1 157.7 115.7 9.3 14.8 1.3 0.2 .0 .0 0.2 1.2 19.6 109.0III 
KCWTHLY HEATING DDS I DDs Ideg-days 1 157.7 115.7 69,.9 14.8 1.3 0.2 .0 1.2
.0 0.2 19.6 109.0 

I I I 
YIARLY IET!NG DDs I DDs Ideg-days 1 489.7 

HEAT L0 3 IUEFF. U IW/dgC-M21 4.2 4.. 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.24.2 4.2
IMItING AhL-f 
 I A IK0 1 120.0 120 120.0 120.0 120.0 120.0 120.0 120.0 120.0 120.0 120.0 120.0AXM. [EflTING LOAD I IKW-HRth 11884.6 1382,.4 835.5 176.4 15.8 1.9 0.5 0.5 2.7 14.8 234.B 1302.9
AREA FRACTION I I 
 I 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
0,3 0.3
TIlK FRACTION 
 I 0.3
II 

0.3 0.3 0.3 0.3 0 .3 0.3 0.3 0.3 0.3 0.3I 
TOTAL HEATING LOAD I IKW--iRth I 155.5 114.1 68.9 14.6 1.3 0.2 .0 .0 0.2 1.2 19.4 107.5 

II I 
YEARLY HEATING LOA) I IKW-HRth 1 482.9 
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EXHIBIT 3.24
 

COOLING LOAD CALCULATION FOR CAIRO 

DESCRIPTION VARIAB. UNITS JAN FFf! MP APR VAY JUN JLt. AUG SEPT OCT t1OV DEC 
- ------ -.------- - -. 

-.-------------------------------------------------------
BASE TEMP. Tb I deg C I E5. 0 [ 25.0 25.0 25. 0 25.0 25.0 5.0 25.0 25. 2.0KNTHLY AVM. TEMP. I Ta I deg C 1 13.2 1 6. 2'.2 24.2 2.7 28.2 27.8 25.4 23,4 19.2 14.8AVG. YEAR TEMP. I Ty I deg C 1 21.2 21 .i 21. 21.2 21.2 21.2 21.2 21.2 21. 2 1. ? 21.2 

DAYS PER NTH I D DAYS 1 31.0 2E, 3 C1 30.0 31.0 30.0 31.0 31.0 30.0 31.0 3(, f 31.0iff0RS PER NTH I Hr I4HURS I 744.u f 7:. 74',. 720. 77144. 720,0 744.0 744.0 720.0 744.0 72 . !"! 7i4.0 

CALC. FOR STD DEV. I SqT I I 64.0 49. 3>2 1.0 9.0 30.3 49.0 43.6 17.6 4.8 4.0 41.0STD DEV. Ta/Ty I SDy deg C 1 5.5 5.0 51. 4.3 4.3 4.2 3.8 3.2 2.5 2.1 2.0 1.9STD DEV. To I SDu I deg C 1 1.4 1.', 1,3 1.1 1.0 1.0 0.9 0.9 0.9 0.9 1.0 1.1H FACTOR I 1H 1 -1.5 -1.5 -1.2 -0.8 -0.1 0,3 0.6 ,6 0.1 -0.3 -1.0 -1.6DIST. FLW. OF Tb IDh(Tb) 1 0.5 0,4 1.1 4.0 25.4 64.1 103.9 92.3 35.9 13.7 1.5 0.3 
1 104THLY COOLING DDs DDs Ideg-days 1 0.5 0.4 1. 1 4.0 25.4 64.1 103.9 92.3 35.9 13.7 1.5 0.3 

YEARLY COOLING DDs I DDs Ideg-days 1 343.0 

FEAT LOSS COEFF. I U IW/degC-WI 4.2 4.2 4.24.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2N.E]LIW AREA I A IM 1 120.0 120.0 1?0.0 120.0 120.0 120.0 120.0 120.0 120.0 120.0 120.0 120.0KAXIM. COOLING LOAD I IKW-HRth 1 5.7 4.5 13.3 47.8 303.2 766.7 1241.9 1103.4 428.6 163.6 17.7 3.1 
1 1IAREA FRACTION i 1 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0,3 0.3 0.3 0.3 0.3TIE FRACTION I 1 1 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

TOTAL MOLING LOAD I IKW-HRth 1 0.7 0.6 1.7 6.0 37.9 95.8 155.2 137.9 53.6 20.4 2.2 0.4 

YEARLY COOLING LOAD I IKW-HRth 1 512.4 
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when thi average monthly LempP1ii.r 1%. ;.hor. Assumninng the cooling load i-; 

concentrated in one 40 m 2 ara and for half of the tine, the load Is 512 kWhth. 

Taking typical Egyptian air condit ine r eff[ciency into account (COP = 1.8) 

the electric load Is approximatel 234 kWh elect ric per year. This figure is 

lower than the guess provided intLP U.S.-Egypt joint assessment which was 500
 

kWh per year. The differencu is a 
 tunc Lion of the lower operation temperature
 

of the air conditioner. If a base temperature of 22C is used 
 then the
 

electricity consumption reaches; , PIKh.
 

The comparable heating 
 and c,,! ng loads for commercial buildings were
 

not calculated due 
 to the lack of datA. They have been estimated to be 124)
 

kWh total: 833 kWh for cooling and 250 kWh per year for heating. Current
 

application of space heating and coling systems 
are limited. This is due 
in
 

part to the good energy performance of traditional thick masonry walls, and in 

part to the high price and limited availability of central heating or cooling 

systems. However, the situation is; rqpidly changing in Fgypt, especially in 

the urban areas. One factor in thaL traditional buildings are being rapidly 

replaced with the less efficient cem:unt: and steel modern buildings. Another 

factor is the rapid growth in urbanizat[on coupled with a fast increase of 

income level for a large portion of the population. The government is responding 

to those trends by implementing a missive construction plan to alleviate urban 

congestion. 

Total energy consumption for 
final use in the residential sector in 1980
 

was estimated in 
the joint assessment 
to be 2.6 MTOE, 2.0 of oil, .3 of natural 

gas and .3 of electricity; for the commercial sector the total was 3.0 MTOE, 

2.7 of oil, .1 of natural gas, and .2 of electricty.
 

Residential and commercial 
 space conditioning energy use together were 

projected to be 1102 MWh for fans and air conditioning in 1985, with an additional 

8000 Tonnes of butagas to be used for heating in the residential sector. 
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Projections are that energy use will increase substantially between 1985 and 

2000, to 5740 MWQ and 30,00() Tonne; r.spec t ively. 

Projections of lighting use show th:e sam, growL h trend from 4580 MWh,
 

with 662 thousand Tonnes of kurosu 
 in 19H 5 , to 13,069 MWh with 556 thousandl 

Tonnes of kerosene in 2000.
 

The percentage satura~tion of re ent lal air conditioning in urban areas 

is shown in these projections to be Inicreasing from 5 to 20 percent between
 

1985 and 200, the comparabl, 
 fig r:; for fan; ire 50 to 90 percent. The marke-t 

saturation in rural sections will he:mnch less - on the order of 2 percent for 

air conditioning and 25 percent for fans by the year 2000. Air conditioning
 

and fans will account for 8 percent 
 of domestic energy use in 2000, and for a
 

more significant portion of commercial energy use - 36 
 percent. Lighting will
 

represent 29 percent of domestic energy use and 64 of
percent commercial energy 

use in 2000. 

3.7.2 Need in Egypt
 

Egypt's building stock is growing at a very rapid rate, largely as a
 

function of the investments undertakcn 
 13s part of the Five Year Development
 

Plan. Estimates are that approximately 500 housing 
 units will be completed
 

daily from 1980 until 
the end of te century. Other plans focusing on the
 

upgrading or replacement of 2.1 million housing units are under implementation. 

The aggregate impact of these actions will be a major revamping and addition of 

the Egyptian housing stock providing a mAjor opportunity to implement energy 

conservation features such 
as 
passive destgns or active systems such as solar
 

water heating.
 

In order to forecast heating and cooling demand for buildings, an 

assessment of the current output and 
the need for housing must be accomplished.
 

Controversy surrounds 
the figures 
that: exist regarding the housing situation in 
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Egypt. According to Sell im 19 t cen;u recorded the exi stence of
 

3,586 thousand urban dwe Il1 
 by 


3,240 thousand househld1q 


T I. i itS w re oc (upiedan es1timate( 

p],; of thousand 

The Nat Ional HIok.r; I rig 

,I Iu 339 unoCcupited unitil 

Po i c' cu nnt , In cont ra ct , quotes a sho r t c of 

555 thousand units In 1976. Tbht 10978-1982 five year plan estimates the shortage 

at 850 thousand units in 1977. I' diffe-rence in supply and demand could be
 

caused by a stratified housing n rr-t 'There medium and 
 high Income dwellings
 

are in excess supply and lower"i inc , dw:l lingr; in a shorta-. .
situat inn. 

A large portion of rhe urban ub ilding stocks Is old and of porr quality.
 

900 thousand dwellings 
 were huilt before 1900 and are in need of replacement.
 

Further, 
 there is a growing need for replacing rooms rind small units with flats.
 

This means that an adequate rep r.",ent at i on of 
 hnu sing needs, will need to take
 

into account these replacement ald qualitv linprovenent factors. An additional
 

factor affecting urban housing dmo rd is the Increas el 
 urb ni zation affecting 

most cities. 

Exhibit 3.25 provides a projection of the houF;tng needs for urban and rural 

areas. Using the figure or 203,000 new households in 1980, urban housing demand 

is taken to grow at the averago pppl Ation growth ra-te of 7.5 percent. Increased 

urbanization is assumed to be equal I !) percent of new urban household. Tb 

replacement and quality Improve:m-nt i the old housing stock Is estimated at 18 

percent of all needs. The la;t cnlirm In the table ea;tfmates the rural housing 

need based on the population natural rate of growth mi.nus the migration to the 

city. 

The results of the residentil construction projections presented in 

Exhibit 3.25 indicate that construction of new urban dwellings will reach 766 

19 Selim, T.M. "Development of the Con,;truction Industry in Egypt", MIT thesis C.E., 
Civil Engineering, 1983. 
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EXHIBIT 3.25
 

PRO. JEf)Ei RESIDENTIAL CONSTRUCTION
 

URBAN URBAN I- UP4I4, tQW CITIF5 PERCEN[fAE TOTAL TOTAL 
NTURAL SATION STOCK 	 ('IAUDED OFI, IN N£W RURAL RESIDEN TIAt

GRO TH DE.D REPLI ENT OTAL UPIW) CONSTRLUFION GROWTH GROWTHYEAR (000 UNITS) (00 LNITS) (0" WITS , 	 (( UNITS) () ((KO LIT (S) UtIT3 

1980 	 107.0 10.7 ,2 13 .0 (.0 	 5.3
1981 I 	 109.7 11.0 31.7 .. 	 6.4 4.5 85.0 227.4
1982 1 	 112.4 11.2 	 32.3 
 10.0 6.9 84.8 230.71983 1 	 115.2 11.5 22.8 I . 15.2 10.2 84.3 234.0

1984 1 	 118.1 11.8 23.4 1K.3 21, 2 	 13.8 84.2 237.51985 1 	 121.1 12.1 24.0 1 21.2 	 13.5 83.9 
 24 I.0198M 	 124.1 12.4 24.6 1fL1 26.6 16.5 	 83.6 244.7
1987 1 	 127.2 12.7 25.2 17Ti, 26.6 16.1 	 83.3 
 248,4
1988 1 	 130.4 13.0 25.8 1 9.2 26.6 15.7 	 83,0 252.2
1989 	 133.6 13.4 26.5 173. 4 26.6 	 15.3 
 82.6 25. 11990 1 	 137.0 13.7 27.1 	 177.8 2'6.6 15.0 2.3 260. 11991 1 	 140.4 14.0 27.8 18 -. 2 28.0 	 15.4 82.0 264.21992 1 	 143.9 14.4 28.5 1LE. A 28i0 	 15.0 
 81.6 266.41993 1 	 17.5 14.8 	 29.2 191,5 28,0 14.6 81,2 27. 7

1994 1 	 151.2 15.1 29 .9 	 %..- 28.0 14.3 0.9 277.11995 1 	 155.0 15.5 30.7 
 2, 28.0 13.9 	 80.5 281.7
1996 1 	 156.8 15.9 31.5 ,.2 23.8 11.5 80.1 286.31997 1 	 162.8 16.3 32.2 L11.3 23.8 11.3 79.7 291.1
1998 	 16.9 16.7 	 33.0 
 216 E 23.8 	 11.0 79.3 295.q
1999 1 	 171.1 17.1 33.9 [2:(1 23.8 	 10.7 
 78.9 300.9

2000 1 175.3 17.5 34. 7 227.6 23.8 	 10.5 78.5 306.( 

TOTAL NEW CONSTRUCTION BY THE YEAR 2000 3775.4 4E.0 	 2 5.6 1725.1 55K.5 

SOURCE: 	 DERIVED FRO, Gcii&F;,. 0RGOIZATIOh' FOR HOUSING, BUILDING 
MD FAAPNING RE[ IkCiiLH7, "1JSTRUCTION/CONTRACTING INDUSTRY
 
STUDY,' FINAL REP(T, CAIRO, JULY 1981. CITED INSELIM T.M. OP. CIT.
 
D HEGAZY, fMflIR, OR EN0
ERGY TECHNOLOGIES fAiD THE PRACTICAL
 

SITUATION fF TIE-IR OI"FLI60110O INTILE
WORLD AND IN EGYPT,' LMATED 
TRANSLATION FfMIs1IIiC. 

3-52 



thousand units during the period of 10982 to 1986. This result compares 

favorably with the current five yeAr plan projected output of 800 thousand 

units during the same period. 

The current five yeal plan do.numont indicates that a total of 449,500
 

new urban dwellings 
 were bullt durinug the 1978-1982 period. Eight percent of
 

those dwellings are considered I u,. 
 rl or of above quality and 37 percent are
 

considered average housing. If w. ass'u 
e that the pro portion of dwelling type
 

holds for the current five year 
 plina, then an eatm..t- of current air conditioning 

growth can he undertaken. Assuming that all luxury builings, are built with
 

air conditioning and 52 percent of average qualty 
 housing equipment, then the
 

demand 
 for 1984 can be estimated to 26,401) new dweliings being equipped annually.
 

This figure is within the 
 range of p rodlction of MIRACO and K) LPAIR which
 

produced approximately 37,000 unt t It IM94. 
 in addition, a number of older 

residences are being retrofitted wiIii air conditLoners while upper class
 

customers 
 prefer to purchase imported models. The balance of the market and 

especially the larger units goes to the cnmmercial sector. For the purpose of 

our analysis we will assume the residential air conditioning market to be 40,000 

units in 1984.
 

Sales of air conditioners grew at 15 percent last year and show no sign 

of slowing down. Assuming a continuous growth at that rate and a per dwelling 

energy consumption at a conservative 500 kWh, yearly consumption just in post 

1984 residential buildings will reach 187 million kWh/yr by the year 2000. The 

addition of a 35 MW electric power generating capacity every year will be 

required to meet that load.
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4.0 RENEWABLE ENERGY TECHNOiY CHARACTE:RIZATION
 

The purpose of thils sec ion IS to character I;e promising renewable
 

energy technologies that have pt ofatiil for widespr.,:d 
use In Egypt. Renewable 

energy technology character iot I have been prepni red for wind, photovolt:alcs,
 

solar thermal, gnclthermal I , bioma;s5, solar pond;, MuniCI pH soilid waSte, and
 

passive 
solar heating and cooling. Each characterization includes discusaions
 

of the technology, its operating characteristics, resource avw1lahli y in
 

Egypt, market readiness, cost, induurtry status, R&I) 
thrusts and relevant Egypt!

worldwide experience In using thue Lecthnology. Appendix A may be referred to 

for a detailed discussion of each technology. 

4.1 Wind 

4.1.1 Technology Description
 

Wind turbines are horizontal-axis or vertical-axis rotary devices in a
 

wide variety of configurations. Both types contain five 
common basic subsystems:
 

(1) a blade or rotor which is the energy conversion device; (2) a drive train,
 

usually including a gearbox and generator; (3) a tower that supports the rotor;
 

(4) various turbine supporting s'stems including controls, electrical cables, 

etc.; and (5) "balance-of-system" subsystems, which depending on the application,
 

might include ground support equIpment, interconnection equipment, etc.
 

The most appropriate type of wind driven electric generator for off-grid
 

operation in remote desert 
or rural areas Is the synchronous generator either
 

with permanent magnets or with conutrollabie direct current field excitation.
 

They also have several 
features wlh:ich make wind energy sytems attractive for
 

use in providing grid-connected power.
 

The inconsistency of wind resource requires some means of energy
 

storage. The conventional lead-acid battery is the most appropriate electrical
 

energy storage device available especially for low demand communities. Other
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types of 	 batteries such as Nickel-Zinc, Metal-Gas and ZUnc-Chlorine hatterle,; 

can also 	 be used for energy storage. lHybrid systems that- utilize different
 

renewable resources (solar, wind, blogas) 
 could be used to supply the total
 

energy requirements of a small commu,,nity 
 efficiently and economically with much
 

smaller energy storage facilities.
 

The majority of commercilly1 available mechanical systems are used 
 for
 

pumping water. The classic windm ill 
 is a well proven design available from
 

manufacturers all over the world. Typical rotor sizes range from 2 to 3.5 m
 

wLth about 18-28 fans per wheel. The rotor Is coupled via a crank to a single

acting borehole pimp. Most commercia ly available machtnes have similar 

performance characteristics. With a cut-in speed of around 3m/s, waLer output 

rises linearly with windspeed to arouini 8 in/s, the rated speed. 

4.1.2 	 Resource Availability
 

At least two regions in Egypt have sufficient average daily and annual
 

wind speeds considered high enough for the development of wind power generators. 

Available data demonstrates that the Mediterranean Sea coast has an average 

annual wind speed of about 20 km/ih, and the Red Sea coast approximately 22 km/hr. 

Useable electric energy output in these areas is estimated to be 650 kWh per 

square meter of windmill swept area. 

4.1.3 	 Market Readiness
 

Progress in the development of wind energy technology has been
 

substantial. Improvements in the technology and cost reductions has enabled 

substantial market for grid connected machines to develop. Water pumping 

continues to be an excellant applinitlon of windmill technology. 

4.1.4 	 Cost 

Cost of wind machines demonstrate considerable economics of scale. 
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Currently costs range from s50)/KW for small mnchines in the 1-5 kW range to
 

about $1000/kW for larger 
machi np; In the 50-100 kW range. In the future, machine 

costs are expected to drop. 

4.1.5 Industry Status 

The wind technology industry in Unitedthe States has experienced a
 

sustained growth. The technical 
 feasibility of both large and small wind energy 

conversion systems for electricity is established. Cons iderable test and 

operational data on small viwchin .; nov. exists, and a data base Is heng
 

established for large machi 
 cc. There are currently approximately 60 U.S.
 

manufacturers producing wind turhlns. Most the
of successful manufacturers
 

sell small (less than 100 
 kW, rated capacity) horizontal-axis machines, although 

a trend appears to be developing and several companies are designing and
 

beginning to market intermediate--sized 
 (200-500 kW) machines. The growth of 

wind farms continues to be an encoraging indicator of progress. 

4.1.6 Current R&D Thrusts
 

Although wind technology has advanced significantly since 1974, further
 

improvements are required 
 if wind energy is to 
be competitive with grid-supplied
 

power from other 
sources. Developing these opportunities for improving wind 

technology requires research In two parallel areas: the basic science of wind
 

turbine dynamics, and advanced component:s and systems research. Wind turbine 

dynamics research includes studies in atmospheric fluid dynamics, aerodyanmics, 

and structural dynamics. 
These activities are aimed at improved understanding 

of the basic physical phenomena created by L.,e wind turbine's interaction with 

its environment. Advanced components and systems research includes research 

on advanced concepts, supporting research, applied technology testing, and 

m"Iltmaswat t systemp. ThPgP nrfivirtip arp nimd nt rpduvinj technical barriers 
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and developing the technology ha,; t hait wi ] lead to major improvements in
 

machine cost, performance, and lifetime. This area will Involve not only
 

R&D on individual componentq suhi advanced airfoil.s and gone.ators, but 

also systems analyses and testing to ensure that designs 
are optimized from
 

an overall systems point of view.
 

4.1.7 Relevant Experience in Egypt Using Wind Technology
 

Wind energy-related activities 
in Egypt were initiated in 1972 with
 

support from the U.S. Agency for Internatlonai Development for resource 

assessment. Studies concerning de,; i n performance of different windmills and
 

generators are 
 n 

There are several ongoing .joint projects between the National 

underw iy at variou; ai ttmic Institutions. 

Research 

Center of Egypt and European development institutions.
 

4.2 Photovoltaic:, 

4.2.1 Technology Description
 

Photovoltaics (PV) is the direct conversion of sunlight into electri

city. In 
a PV system groups of cells are mounted and interconnected to form
 

modules (or collectors), which in turn 
are connected Into arrays. The cells
 

are made from semiconductor materials th~t 
are processed such that when light
 

strikes the cells, they generate a direct electric current.
 

Most applications require the 
use of a regulator to control voltage 

fluctuations ii a system output. Regulators are essential because loads, such 

as batteries, converters 
and inverters 
ian only tolerate certain variance in 

input voltage. Regulators, inverters and converters comprise what is referred 

to as the power conditioning system.
 

There are 
basically three generations of PV technology: ingot, ribbon
 

and thin films. The current PV market is dominated by first generation technology,
 

- ingot cells. Second generation technology has just recently entered the
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marketplace, while third genern tion rp hnology for the power market is mostly 

in the laboratory stages.
 

4.2.2 	 Types of PV Collectors
 

There are two categories of collectors: flat plate and concentrator.
 

The majority of currently instal ld qysrt ms use flat-plate modules. They
 

collect Doth direct and diffuse ra:.diaion, so tracking devices 
are not necessary
 

(ARCO Solar uses 
tracking flat-pline sy-' oms in their megawatt-scale project,,
 

as they feel improved performa 
nco, more than compenates for increased operation 

and maintenance expenses). Egyptian system experience has been solely with
 

flat-plate modules.
 

Concentrator collectors 
offer an 	approach to PV power generation that
 

reduces 	the noed for lowering the price of high-performance cells. By using
 

lenses to focus direct sunlight on to cells, the cell area required to generate
 

a given 	output can he reduced by as much as 
a factor of 1000. Concentrator
 

collectors 
only accept direct radiation and therefore 
require 	trackin' devices.
 

4.2.3 	 Resource Availability
 

Solar insolation in Epy,'t is one of the highest in the world, making 

photovoltaics an at tractive option;- yearly average solar insolation is about
 

5.7 kWh/n 2 -day with an average of 9-1I1 hours of sunlight per day. The direct 

component of radiation represents . large fraction of the total in many areas 

of Egypt 	(diffuse radiation is generally the result 
of sand and dust storms,
 

which in some cases results in cloud cover 
of only 	4-5 days out of the year).
 

4.2.4 	 Market Readiness
 

The major markets for photovoltaic systems are stand-alone; consumer
 

-roducts; grid-connected residential 
and commercial (intermediate) power; and
 

itral station utility power.
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Remote stand--alone appl iction> r epresent a market for which PV is 

ready. Types of applicatLions includ,. ntvi,,at[onal aids, communications, rural 

electrification, and water prmpiny,. PV for grid-connected! residential and 

intermediate systems are essentiali, in the de'monstration phase. 

4.2.5 	 Cost
 

Presently, PV module prices range from 5 to 12 dollars per peak watt.
 

The range reflecs the quantity of modules purchased. In the small-to-meditm 

size range, prices start at appro:.:i nit .lv 07/Wp. Installed system prices range 

fromi about 31O to $30/Wp, depending. upon the location and the particular 

application. At these prices, PV Is cos;t-competitive for many remote applica

tions, but not for utillty-interactive systems. 

4.2.6 	 Industry Status 

The world leader in photovoltaic systems technology and production has
 

traditionally been the U.S. However, the U.S. leadership postion has decreased
 

from an 85 percent market share in 1980 to 62 percant in 1983. 

U.S. and Japanese Involvement In PV can be characterized by technology 

and application markets. The U.S. is clearly the dominant figure In first and 

second generat ion technologies. Firms have used these technologies to pen tirAto 

the remote systems and cantral stat:ion utility markets. On the other hand, 

third generation technology (in part icular, amorphous silicon) is dominated by 

Japan. The Japanese industry, shortlv after entering the PV field, became 

extremely successful in the consumer products market. It has only been recently, 

that Japanese firms have expressed interest in the remote applications market. 

4.2.7 	 R&D Thrusts 

The key thrusts of PV R&D are to reduce the cost and improve the 

efficiency of systems. Balance of System technologies are well developed and 
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advancements in these areas ,ill cn fr:om better desi gns;. 
 Current research is
 

directed toward Improvements in he :1, ules .
 

4.2.8 Relevant Egyptian'Worl ,if , Exp~r-ence 

The Government of Egypt and ac'adeMic institutions have had considerable 

experience in PV. Among the projap t, undertaken, include a 10 kWp refrigeration 

system at the High Dam, a 10 k;p olorLtification system, a 5 kWp pumping system at
 

Sadat City, and eight televi sion and microwave repeater stations. 

4.3 High Temperature Solar Thermal
 

4.3.1 Technology Description 

Solar thermal technnoIni fall into several categories: flat plate,
 

evacuated 
tube, parabolic trough, parabolic dish and central receiver systems.
 

4.3.1.1 Flat Pla,
 

The flat plate collector is normally oriented toward the south to
 

intercept both direct and diffuse radiation from the 
sun. The radiation enter

ing through the clear glazing is absorbed on a black metal plate called the 

absorber. Heat in the plate Is then transferred to a liquid in tubes attached
 

to the plate or to air tha c Is circuilated around the plate. This hot fluid is 

then transfered to the point of uio,. The collector Is Insulat ed to reduce
 

thermal losses. The flat-plate liq Ld collector is generally limited to operat

ing temperatures up 
to about 9 0C while air collectors are capable of somewhat
 

higher operating temperatures. WhilP flat plate collectors cannot be used to
 

produce high temperature working f!"i d,;, they can 
be used as a preheater.
 

4.3.1.2 Evacuated Tube Collector
 

The evacuated tube collectnr, because of its small absorber area and
 

improved barrier to thermal 
loss, is capable of operating efficiently at tempera

tures of up to 150C. 
Using a compound parabolic concentrator as a reflective
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backing, solar concentration rat i e; o I .5 to 5.0 can be obtained. Therefore. 

the evacuated tube collector Is t, nically capable of providing industrial 

process steam.
 

4.3.1.3 Parabolic Troughl 

Parabolic :roughs art on-,xis tracking linear parabolic collectors 

that concentrate sunlight appro:iqunl:y 30 fold onto a receive. tube positioned 

along the focal line of the pnr :n. A wo rking fluid in the receiver is heated 

by the concentrated sunlight and thin energy is transported to the point of use 

by the fluid circulating in a pipin,' svstem. Due to higher operating temperatures 

of 100 0 C to 315oC, troughs ire usually considered suitable for many industrial 

process heat applications. 

4.3.1.4 Parabolic Dish 

A parabolic dish Is a point focusing, two axis tracking collector that 

focuses sunlight at concentrat[Ion ratios of several thousand times onto a 

receiver located at the focal paint of a parabolic concentrator. Energy 

transferred as heat to a fluid ci r ],ating through the receiver can be used 

directly in thermal energy applIcations or used to produce electrical energy 

through a heat engi ne/electric generator coupled to the receiver. A complete 

dish module can be used individuallv or in multi-module systems. Parabolic 

dishes can produce temperatures up to 1700C or more. 

4.3.1.5 Central Receiver
 

In a central receiver system, a field of heliostats (tracking mirrors)
 

focuses sunlight at concentration ratios of several thousand times onto a 

receiver mounted on a tower. Th coneeatrated energy absorbed by the receiver 

heat enginecan be transferred as heat to a circul;ated working fluid to power a 

or provide high grade heat for industrial uses. Central receiver systems can 
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produce working fluid temperaturei rp to 1700'C or more. 

4.3.2 	 Resource Avatlahilit;
 

Solar energy availability in Egypt was discussed In Section 4.2.3.
 

4.3.3 	 Market Readiness
 

Solar Lhermal systemn have the potential to capture a share of the
 

industrial market with applicat ,
4 such a; mechanical parts and car washing, 

bleaching, ai r-condLtioning, p, t ) r','ing, beer brewing, latex production, 

sterilizing, enhanced oil-recvury and oil 
refining. Parabolic troughs, 
which
 

are mainly medium-temperatur, e.v;ti:c. , are ideal for this market. Flat plate 

and evacuated tube coilec tors a r, commercially available and are suitable for
 

lower temperature application .
 

The next 	 area that q r tLhermal systems could be expected to penetrate 

is electrical generation, In hybrid systems that use solar energy to repower or 

retrofit a utility or industry currently using a fossil-fired system, or in
 

stand-alone systems. 
 Other solar thermal applications include cogeneration and 

total energy systems, each whiclof produces both heat and electricity. Central 

receivers, parabolic dishes, an. to some extent, parabolic troughs are all
 

potential candidates for electrical 
 appli cations . 

4.3.4 	 Cost 

Currently solar thermal 
technologies are too costly to be competitive 

with conventional energy resource; 
In the U.S. Of the higher temperature system, 

parabolic trough technology hac the most potential for being economically 

competitive in the near term (1985-1990). Total installed 
system costs are
 

about $750/kwt. Advanced trough concentrator systems are imported to cost 

about $400/kwt. Current costs for parabolic dish systems range from $1,500/kwt 

to $1800/kwt. Both capital 	 and operating costs will have to be reduced consider
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ably to 	make this technology opt fan economically viable in the futuro. Helio

stats comprise approximately 5'7 of ! he central receiver system cost. Central
 

receiver 
 plant costs are currently about $4600/kwe and $1300/kwt. Cost Is
 

expected to come down to about $160U/kwt and $460/kwt by 1995.
 

4.3.5 	 Industry Status
 

In the past decade, nearly all private sales an most private initiatives
 

have been for flat plate, evacuated tube and parabolic troughs. Only recently,
 

major private initiatives have been undertaken by the solar thermal Industry to
 

promote and verify central receiver and paraba lc dish systems in the user
 

environment. Industrirl 
process heat and electriclty generation 
are Indu ;trv,'s
 

favored markets, and in the U.S., most purchases in the past were made by the
 

government. 
 Presently, industry is also concentrating their efforts toward
 

stand-alone, remote solar 
thermal systems development.
 

4.3.6 	 Current Solar Thermal R&D Thrusts 

A major R&D need generic to all concentrating solar thermal technologies 

is improvement in the cos t/performance ratio of the concentrator. Low-cost, 

high-performance concentrators will require the development of stable, light

weight, long-life reflector materials as conventional materials are heavy and 

expensive. There is limited R&D activity in the U.S. in flat plate and evacuated
 

tube technologies.
 

4.3.7 	 Relevant Experience in Egypt 

The Solar Energy Laboratrry National Research 	 Center established in 

the early 19 7 0's 
is the main center of solar research in Egypt. It has been 

involved in various experimental and moderate scale solar thermal projects. 

In the Electrical Enginetring Department of Al-Manjurah University, 

theoretical work on collectors for power generation has been undertaken. A 
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power generating project in cornp ri tion :i th West Germany under a renewabl,
 

agreement (December 1976-1979) operated 
 a site with HoJO( m2 of cyllndro-p-rab li 

tyre collectors producinp hot wit,1r Nt 110? under six atmospheres pressure. A 

power generation project in cooor I on with the U.S. under a renewable agreement 

(January 1975-June 1978) util i:ed a parabolic collector array made up of three 

hellostats having a total 2areaioF 1d . In this project, sream was produced 

at 220C at eight atmospheres prqn;uire. The steam drove a 5 kWe turbo-generator 

(Terri turbine). 

4.4 Geothermal
 

4.4.1 Technology Description 

There are four primary technologies which produce electricity from
 

geothermal resources: dry steam, flashed steam, binary cycle and total flow
 

systems.
 

In dry steam, saturated steam 
 in the reservoir is tapped by geothermal
 

wells and becomes superheated as It 
 flows up the well to the surface. The
 

steam is piped to the power plant where 
 it expands through the turbine to a
 

condenser on the other side. 
 The turbine shaft is hooked to a generator to 

produce electricity.
 

High temperature (5150C), liquid dominated geothermal reservoirs can 

be used to generate electricity with flashed steam systems. The liquid brine 

is flashed at the surface by reducing its pressure in a "flash vessel," where 

part of the water then turns into steam. Tn some cases, the brine actually 

flashes in the wellbore, thereby relquliring only a steam separator at the surface. 

The steam phase is fed to a turbine where electricity is generated, similar to 

dry steam energy conversion. The IMilf d portion of the fluid is usually disposel 

of by reinjection into the ground. 

Binary cycle (or organic Rankine cycle) technology can use medium 
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temperature resources (90"-150Y"(C) to rem rate electricity. The go thermal 

fluid flows, or is pumped, from tho prodiction wells into a heat exchanger 

where the heat ii trans ferrcd tu a ",c!dry fluid, such as freon or isobutane. 

These [luids, with their low hollingi, polnts, will vaporize In the heat transfer 

process. The vaporized working fluid is then expanded through the turbine and 

is condensed upon exit. It I.,; suhbsequently returned to the heat exchanger, 

completing a clos.ad cycle. The spent geothermal fluid from the heat exchanger
 

is reinjected into the ground.
 

Total flow geothermal systems expand the brine from the liquid phase
 

directly without the intermedfae 
 process of flashing it into steam. By avoiding 

the losses in the flashing n d sepAration processes, total flow expanders have a 

higher theoretical efficiency. There are a number of expander types which ma' 

be used in total flea system,, i.e. axial flow turbines, Francis turbines, 

Pelton wheels, helical screw expanders, etc. These systems are primarily being 

considered for high temperatu:e (>15n"C) applications. 

The direct use of geothermal energy delivers heat from a geothermal 

fluid to any process requiring A. Cenerally, the tempe rature is limited to 

the wellhead temperature, althoug'h supplementary heating by fossil or other 

fuels has been used in certain cases. Most direct applications of geothermal 

energy use low temperature (<90'C) resources which cannot be used to generate 

electricity.
 

4.4.2 Resource Availability
 

Recent studies investigated the availability of geothermal energy in 

Egypt. These efforts found no indication of high temperature (>150'C) geothermal 

systems in the region. Evidence dno support the possibility of medium enthalpy 

(>90'C) geothermal systems along the Red Sea coast.
 

The most favorable zones for geothermal exploration exist along the
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border of the Gulf of Suez. lot spr i nop along the eastern Fhore and In the 

Sinai have temperaturs ;as; A 704C. This zone could extend a farsurfac, n 

west as 	 Cairo and the Fayoti oasi s and Wadi Natrum areas based on geochemical 

data, extinct geysers, and historic- seismicity of these areas. 

4.4.3 	 Cost 

The economics of genthermal energy is strongly dependent on resource 

characteristics such as temprature, depth, possible flow rates, and brine 

chemistry. Other important cost factors include accessibility of the resource 

and rock 	 hardness. Estimatel Instal lat ion costs for geothermal energy capacity 

range from $10-52/kWth for diret use to $946-1621/kWe for binary electric. 

4.4.4 	 Industry Status 

The structrure of the geothermal industry is set by the three major 

phases which make up geothermal exploration and development. These are resource 

exploration, field development, and end-use. 

The exploration for geothermal energy is performed by a wide range of 

organizations including small and lArge exploration companies, government 

agencies, and universities. The tools and techniques of geothermal exploration 

are essentially those of petro, en and mineral exploration. 

Geothermal field development Includes well drilling and completion as 

well as 	the construction of surface fluid distribution systems. This technology
 

is very 	similar to the development of an oil or gas field. The direct use of
 

geothermal energy generally requires no more than a conventional water dis

tribution system and suitable heat exchangers. 

4.4.5 	 Current R&D Thrusts 

A substantial amount of geothermal research is currently ongoing in the 

U.S., Europe, Japan, and New Zealand. Efforts include the improvement of
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geothermal exploration te clique,; , ext:endInog existin g drilling; technoog' and 

instrumentation to higher t emperAturps, lncreasin g thp unde rstanding of t.h,
 

behavior of geothermalI reservo irs, 
and handling and treating highly corrosive 

geothermal brines. 
 Research is also being performed to improve energy conversion 

techniques. 

4.4.6 	 Relevant Experience in Eyypt Using Geothermal Technology
 

There has been no effort to develop geothermal resources in Egypt to
 

date. A number of investigation; not specifically directed at geothermal
 

exploration have provided some knowlelge on development potential.
 

4.5 	 Biomass
 

4.5.1 	 Technology Description
 

Biomass is 
organic 	mnter derived from plants and animals. There is
 

no single biomass energy technoloy, but a number of biomass production techniques 

and conversion technologies that ire interrelated iK various combinations. 

Biomass resources include waste. and by-products from industrial and agricultural 

processes, plus biomass produced ;pecifically for conversion to energy. 

Biomass can he converted to, solid, liquid and gaseous fuels through 

biochemical and thermochemi cal processes. The resulting energy products can be 

used by residential, commercial aid Industrial consumers for heat, power and 

fuel; by 	 utilities for electricity production; and the chemical industry for 

petrochemical substitutes. The most 
practical utilization of biomass as an 

energy resource in Egypt are dflg,.;t ion systems. The major advantage of digestion
 

is that biomass can be 
used both iaq an energy form and as a soil conditioner. 

4.5.1.1 	 Direct Combustion
 

Combustion of biomas;s In open fire stoves is thermally inefficient (<10%), 

however, 	design improvements could double the efficiencies of cooking stoves.
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Although 	 agricultural residues or mu nicipal wastes could be used as feedstocks 

in incinerator/steam turbine systems t, produce electricity, the associated 

economies 	 of scale make It uneconomical to operate small units. 

4.5.1.2 	 Anaerobic DigestiJon 

Anaerobic digestion provides an energy-efficient method for converting 

very wet or otherwise low-quality biomass resources, such as municipal sewage 

and animal manure. In an anaerohic digester (essentially an enclosed gas-tlght 

tank containing an aqueous slurry of biomass material), the absence of oxygen
 

and temperatures between 39W,and 
60'C favor bacteria which decompose the feed 

into biogas, consisting of 5O)Z-7Q)7 mthane, with most of the remainder as carbon 

dioxide. The biogas formnation rate depends on the feedstock retention time, pl 

(optimum 	 between 6.8 - 7.4), temperature, and nature of the substrate. 

4.5.1.3 Fermentation 

Also in an anaerobJa emvi roment, biomass can be fermented by 

microorganisms 	 (yeast or bacteria) to produce alcohol. 

The production of ethdn invsIves: (1) treating the feedstock to pro

duce a concentrated nnd sterill -e, sugar solution, (2) converting the sugar to 

ethanol 	 and carbon dioxide through fernentation, and (3) distilling to remove 

ethanol 	 from the fermented solution. Ethanol can be produced from sugar crops 

(sugar-cane, molasses, 
sweet sorghum, etc), starches (corn, potatoes, cassava,
 

etc.), and from celluloses (wood, agricultural residues, etc).
 

4.5.2 	 Resource Availability
 

Bio-energy resources are not readily quantifiable because of their non

commercial nature. 
Exhibit A.33 of Appendix A presents estimates of the 

annual resource base available to Egypt. As this exhibit indicates,the largest 

single biomass energy resource is agricultural residues -- approximately 20 
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millinn 	 tons annually. The principal residues are those from cotton, sorghum, 

maize, sugarcane, peanuts and sea ;ame. 

4.5.3 	 Mairket Readiness 

Large-scale digesters for use in urban areas is well developed and 

present few technical or economic tncertainties. 

The use of a variety of agricultural residues in digesters is still at 

the R&D stage at the village leve! and digester designs and operating procedures 

are being developed which will allow for a variety of biomass inputs (different 

combinations of grain straws, stalks, cattle droppings, etc.) while still
 

maintaining effective operation.
 

4.5.4 	 Cost
 

Since transporting wastesq long distances is very costly, the most 

economic use of digesters Involvag on-farm systems using animal manure and 

agricultural wastes available on-site and urban systems using sewage. The most 

economically attractive operations are relatively larpe poultry, dairy, beef or 

swine operations (enabling economy of scale) which are relatively energy 

intensive (enabling the displacement of large quantities of energy bought at 

retail prices).
 

Production of electricity from small, family-size units is not 

economically attractive, whereas larger systems in the 10 to 100 kW range may 

be able to produce electric power economically. 

4.5.5 	 Industry Status
 

Besides the potential for economic production of fuel and possibly 

electricity, digestion produces an effluent which can be used as a soil 

conditioner or fertilizer and as an animal feed in some cases. The valuation 

of the effluent is very important In assessing economic feasibility. 
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The anaerobic digestion p)roces; Is well known as it Is often us;ed III 

typical wastewater treatment plants to stabilize sludge. Beca ,se the proces 

uses simple equipment, anaerobic ,ig ;ters are very attractive economicallv. 

Private sectors prospects are Inpr'in: g b.cause of new reactor designs. 

4.5.6 	 Current R&D Thrust fo, Technology 

The focus of biochenical convers[on R&D activities in the U.S. are 

being directed toward the digest Ion nf agricultural residues that are lignocel llosic 

and difficult to digest by other il 'chemlcal means. Pretreatment of these feed

stocks, anaerobic bacteria strain selection, and nutritional factors that may 

improve the methane-producing capabl.1ty of the cultures are being examined. 

The mlcrobiology ,Ind biorhemi stry of digestion cultures and the genetic 

manipulation of bacteria in the methane production cycle are also being examined.
 

Feasibility of constructilg biomass energy-producing facilities are 

also being studied. The issues baing addressed include the feasibility of 

specific biomass energy technologi es, bio:nass resource assessment and availability, 

financing alternative s, and the ability to construct Win,operate a facility 

producing biomass energy in an envr'! ,inmentally acceptable manner. 

Other R&D areas include 511A rt-rotation woody crops and other silvicultural 

studies, herbacecus crops and aquatic species research, thermochemical and 

photobiological conversJ-n research, and environmental studies. 

4.5.7 	 Relevant Experience in Egypt Using Biomass Technologies
 

Most Egyptian R&D In the area of biomass energy emphasizes biogas 

production although iesearch on ImpruvIng design and efficiency of woodstovs 

and the development of small gasifler'5 is also underway. The most crucial 

biogas R&D involves the development of low-cost digester designs. 

A national demonst-ation project for the development and application
 

of village-scale digesters has been undertaken by the National Research Center
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(NRC) since 1979. At present tior. er 05 field demons;trat ions, most of wh Hi 

are household units, along with A l;arger-,scale units constructed In conjunction 

with liv ck operations. Botl I ,,ritary and pilot scale testing involving 

modified Chinese and Indian digest ar Jn igns are being conducted utilizing 

cattle manure, agricultural resildn; :i water hyacinth. The goal of this 

research is to demonstrate that. appria . ate biogas technology is technically, 

socially, and economically feasO K! ruratl areas off Egypt. A number of 

digesters based on the Indian and .,, designs h'ave been installed In Egypt. 

Exhibit A.36 of Appendix A presents-; the details of these digesters. 

The Faculties of Agricultur In Favoum, Minia and Assuit are currently 

conducting research, in conjuctLion Nl the Faculty of Engineering, Cairo 

University, involving an integrate. renewafble energy system which includes 

wind, solar and bingas; energies. 

4.6 Solar Ponds
 

4.6.1 Technology Description
 

In a salt-gradient pond, duoe to the presence of the constructed salinity 

gradient, natural convection Is suppressed since warmer water in the lower 

layer has a higher salt content and, therefore, remains more dense than water 

at the upper layer. Consequently, the salt-gradient zone enables the pond to 

trap heat in the storage zone, wh re the temperature is allowed to increase 

steadily to a level .substaniaIly above ambient. Typically, temperature in a 

salt-gradient pond increases with depth, varying from slightly above ambient in 

the surface zone to 80-100C In the storage zone. 

The heat trapped in the stosrage zone can be extracted by means of In

pond or out-of-pond heat exchangers for both electric and thermal applicat ions. 

Hot brine is withdrawn near the upper portion of the storag, zone nd circulated 

through an out-of-pond heat exchanger where a working fluid receives heat from 
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the brine to perform its d(i; .[,, Otie,. The cold brine is then returned t:o 

the pond neir the bottom of h , :t : zone, usually on the opposite end fro,, 

hot-brine withdrawal. Therm.il enr.v ext:rarted from t:he pond can be used to
 

generate electricity or support 
" ' it[:y of thermal applications s,: h as
 

residential and commercial 
hum III space and w,ater heating, industrial and
 

agricultural process heatingm, and dem,;il ination.
 

4.6.2 	 Resource Availability
 

Solar energy avalLabil ty in Egypt was described in section 4.2.3.
 

4.6.3 	 Market Readiness
 

The thermal energy of a star pond 
can he used in various industrial, 

agricultural and res idential appli[ratLons. The need for thermal energy helow 

95C is 	very high for induist ri.A process heat applications. Food, furnitrr, 

paper, 	chemicals, leather and prinory metal processinA, are among the major
 

industries to which solar ponds can he a suitable energy source. Solar ponds 
can
 

supply thermal energy to a numnhr of agricultural processes: crop drying,
 

livestock brooding, space and 
.ater heating for livestock, farmhouse space and 

water heating, and irrigation p)wnm;ln. 

Solar ponds can alsm pr,':! <le energy for desalination of w,'ater as they 

are capable of providing thermal energy to the distillation/deva - Lition process 

and electrical or mechanical power to reverse osmosis and electrodialysis
 

process.
 

4.6.4 	 Cost
 

A number of factors must be considered when evaluating 
the technical
 

and economic feasibilty of solar ponds. They include: Jnsolation, land, water,
 

salt, aquifer, geophysics and size.
 

The cost of installing a solar pond varies dramatically with the cost
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of land, water and salt, and with Or .Ipth and size of the pond. Estimates
 

vary from as low as $4/m 2 to as hi,,h a $70/ 2 for Installations in the I.S.
 

Because of the great varlanne in cost, economi rally attractive sites 

must have natural soil liners, Inexpens ive salt, and enough land to construct a 

large pond. Larger ponds are more cost effective because of economies of scale 

in the construction and operation of a pond. 

4.6.5 Industry Status 

Solar pond research and development over the past two decades has esta

blished the viability of the solar pond technology concept. Several experimental 

and demoastration solar pond projects were undertaken throughout the world 

during this peritud. However, only recently have solar ponds become economically 

viable. 

About two dozen solar ponds, all under two acres in surface area, have 

been constructed and operated around the world. Pond storage temperature varies 

from a low of about 30'C in winter to a high of 109C in summer. Boiling can 

be achieved in high-insolation locations and can be avoided by scheduled heat 

extraction. A variety of therma1 applIcations have been successfully demonstra

ted, including pool heating, grai n drying, process water heating, space and 

greenhouse heating, etc. The Ya,,n and Ein Bokek pond; in Israel have established 

the feasibility of peaking and base] oad electric power generation. 

The solar pond industry in the U.S., during the past decade, has not 

been able to initiate any large solar pond projects. 

4.6.6 Current R&D Thrusts
 

Salt-gradient solar pond research and development efforts have identified 

several major areas of technical uni -nrtainties that can reduce the performance 

of a solar pond considerably. Cnrrent solar pond R&D efforts are addressing 

the following technLcal uncertainties: 
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o thickness of upper couvti Eng zone;
 

o 
 maintainable thickne.s:; f the nonconvecting zone; 

o pond 	 t ransm i -s ivi y; 

o heat 	 loss to the grui1!; 

o maintenance requirements of the nonconvecting zone; 

o heat 	 extraction f rom the pond; and 

o heat 	 rejection option;. 

4.6.7 	 Relevant Experience In Egypt and Other Countries 

Egyptian experience in this technology has been limited to several
 

small scale experiments at variou; universities and research centers. There
 

are other Arab and Asian countrie with limited experience with the salt-gradient 

solar pond technology. 

Most of the existing exp,:rienre regarding the salt-gradient solar pond 

technology is limited to construction and operation of few laboratory scale 

experimental solar ponds during past decade. There are two large-scale power 

generating solar pond plants in T r'ae! which are capable of produclng 150 kWe 

and 5 MWe respectively. A large .s al 48 ,We solar pond project is in its 

planning/design stage in the United Staites at present:. Several other small 

scale experimental solar pond projects have been constructed and operated in the 

U.S. which have provided the industry and manufacturers with relevant experience. 

4.7 	 Municipal Solid Waste
 

4.7.1 	 Technology Description
 

The conversion of municipal solid waste 
(MSW) to energy is a time-tested
 

and well-developed concept. 
 Several different types of technologies exist to
 

recover 
energy and materials from NSW. The principal focus of this section is
 

on MSW combustion technologies; Section 4.5 discusses anaerobic digestion 
tech

niques.
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MSW technologies can povid, az range of output.;, depending upon the 

system and operational requiraeit. Power output can he hi ,h pressure steam or 

low pressure steam, to provid e hi., nhianical power electricity.
 

Most of the MSW techmnolo.ion discussed here are 
 used to provide steam 

which can provide heat or motive pnuwer. There are four major categories of MSW 

technologles available in the mirW: 	 and is discussed in detail in Section 

A.7.2 of Appendix A. These are (1) mans incineration; (2) refuse derived fuel; 

(3) cogeneration; and (4) co-UspIcil. In general terms, the major differences 

of these MSW conversion technologies concern: 

1. the 	quantity and mik:e--u p of wastes handled; 
and ,in.2. capital operi a: tS;s.; 

3. on-site energy r, irme ts; 
4. end 	 products. 

4.7 	 2 Resource Availabilit, 

Egypt has a pGpulation of ,'5 million people, with most of the popula

tion living along the Nile River. 
 This high population density ensures that a 

sufficient quantity of MSW is available. The collection, transportation, and 

preparation of this waste will requfire an infrastructure that is either inade

quate or not currently in place. The Ovalopment of this infrastricLure is a 

necessary prerequisite for MSW energy. conversion in Egypt. In Egypt two cities 

are viable sources of MSW: Cairo ,nd Alexandria. The Cairo area generates 

about 4200 tons of MSW per day. It is estimated that 1500 tons per day are 

currently collected and recycled perfor ether uses. The remaining 2,700 tons 

day represent a significant resource which can he converted to energy. The 

city of Alexandria generates approximately 1,700 tons of MSW per day, of which 

700 tons per day are collected and recycled for other uses. Thus, there is a 

significant potential for energy from the remaining 1,000 tons per day. 
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4.7.3 Market Readiness 

The avallability of MEW technologies in the mirket is depenmdent upon 

the state of development and degree of successful commercalization for each of 

the technology types.
 

Mass incineration of MS; in refractory, modular, and waterwall systems 

is currently In commercial operation. These three technologies have been widely 

used in the United States, Europe and .apan. 

Both co-firet systems and dedicated RDF boilers have been in commercial 

operation since 1972 in the United States. More widespread use of RDF systems 

has occurred in Europe. 

MISW cogeneration technologies have been used in both Europe and the 

United States for over 30 years. Pccent regulatory changes in the United States 

have encouraged cogeneration an! contributed to accelerated development and 

increased use. 

Co-disposal has been demonstrated and is commercially available in 

both the United States and Europe. The multiple hearth furnace has been used 

since the 1930's. The fluidized bed boiler has been In commercial operation 

in the United States since 1981. Mass burning co-disposal systems have been 

used in the United States since 1973. 

4.7.4 Cost 

The cost of an MSW technology is dependent upon several factors, 

including: the technology type; the system size; the output; and the quality 

of refuse burned. A review of Installed system capital costs in the United, 

States clearly illustrates the range of costs for each of the technologies 

They range from $12,000/TPD capacity for a mass incineration modular unit to 

$168,000/TPD for a co-disposal modular unit, (see Exhibit A.41 in Appendix A 

for more details).
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Whether MSW technologi,; ,dn omnpete wi th e i ng direct fired systems 

remains to be determined. In t al IIc c apital costs for thes e systems is dependent 

upon the technn"ngy, pre--r,-,egOu n; ,',',, pment, system sOe, nit" specific
 

requirements, 
 and many other fact. -, in favorable circum.,stances MSW conversion 

systems can be installed for $21, )O,'TI'I). Systems can easily cost $150,O00/TPD 

and more. The economics of ISW technologles in Egypt can only be determined 

after site specific analyses. 

4.7.5 Relevant Experience In Egypt and Other Countries Using MSW 

Internationally, there I a g;rowing inventory of MSW conversion systems. 

The majority of these system:; ar In Europe, Japan, and the United States. As
 

of 1983, thc re was 368 systems ustal led worlidwide, of which 212 are European
 

85 are Japanese. Exhibit A.46 
 of Apondix A lists the systems by country. 

The viability of MSW technol o;Ies in Egypt Is dependent upon four 

factors: the public Infrastructure; waste availability; industrial development; 

and experience. 

4.8 Passive and Hybrid Solar IHeating and Cooling and Davlighting 

4.8.1 Technology Description 

Passive solar heating and cool, ng technologies utilize thermal energy 

flows in the building system by natural means such as radiation, conduction 

and convection, using only energy aviliable in the Immediate system. Hybrid 

technologies integrate the use of other energy sources - such as electricity to 

power fans and pumps - to Improve the hieat transfer/beat flow mechanisms, but 

to a lesser degree than the heat transport function served in acLive solar 

systems. Daylighting involves Integraiting the use of natural lighting into 

building design by Judicious placement of apertures and reflective surfaces. 

It should be noted at the outset that the first step towards improving the way 

a building uses energy is energy consrvatbon, including initial design and 
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operations and maintenance over the period of the building's use. 

4.8.1.1 Passive tand- Heat ingHYbridSolar 

The basic componetn of all passive solar heating systems are south

facing glass for collection, and theraal mass for heat absorption, storage and
 

distribution. Systems have diffferent 
 mpthods; of co.llecting, storing and distri

buting heat, and can be c'lass ified in to three categories: direct gain, indirect 

gain and isolated gain. (See Exhiit A..M7 of Appendin A). 

These basic passive solar het "g options can be assisted, by the
 

addition of fans and heat pum L:o the system, creating a hybrid system. The
 

pumps and fans 
improve the di.str I i:on funtction by Increasing the convective 

flow of air within or between ruo:, ,specially when air between the rooms is 

stratified - on multiple levels or st apart by walls. 

4.8.1.2 Passive Solar Cooling, Systems 

Passive solar cooling tochniques, are not as much a function of equipment 

as of appropriate building design sit ing and construction techniques, and some 

ongoing maintenance or operani on by building occupants. Techniques include 

load reduction, earth shelt:rini , rnof ponds and stack effect, a:-th tube, 

natural vent ilat lon, so lar chitn,.' n;., idific (se., 	 , and do hn t ion Exhibit 

A.49 in 	Appendix A).
 

4.8.2 	 Resource Availability
 

Egypt lies in the solar belt with an 
annual average insolation of 800
 

KJ/am2 . The direct component of solar radiation is 88 to 95 percent of the
 

total on 	a clear day. Sunshine hours vary from nine to eleven hours per day, 

with only thirty cloudy day'; per year in the North. 

The largest need is for cooling - cooling degree days range from 2200 

in Alexandria to 3000 in Cairo. There is a significant cooling resource in the
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diurnal 	temperature swings and 2 <, i it[ ski s whicli typify Egyptian climate.
 

Lighting represents another tarp.t f ,passlve appl icat ion.
 

In addirinual to the sn? ir 
 rcrinJn, tlher, are requirements for basic
 

constructton matertals. Materials such as steel, cement, glass, and alumium
 

are all manufactured in Egypt. The requirement for 
these materials is substan tta.,l 

since the titi ]11 ation of solar energy re sources requires considerable area with
 

colle.,ion suerfaces; capable of witliLand ing severe enivironmental conditions.
 

Suppcrt structures, towers, and starigv tanks 
 are needed in the passive solar
 

design.
 

4.8.3 	 Market Readiness 

Traditional Islamic architecture is well recognized as the origin of
 

numerous passive sola: cooling t:echr:iqiies. The courtyard, the high ceiling,
 

and malIkaff (wind catcher) are amonq the 
lesign features that have dominated
 

islamic 	bu .dings ovur the past few centuries. With the current substitution
 

of modern design concepts, indoor comfort levels have, in 
many cases, deteriorated. 

The restoration of traditional aIslamicdesign concepts along with the application
 

of other passive cooling features has significant potential for improving
 

:omfort levels and reducing air conditioning demand.
 

4.9.4 	 Industry Status 

Passive solar designs and technologies do not require the development
 

of new industries or production facillities sc much as the education of the
 

construction industry and, for some applicatioas, the building occupants.
 

4.8.5 	 Current Passive Solar RLD.Th 'us :s 

There is substantial researchl going on in all areas of passive solar 

techaologies. Most of the reseach Is directly or indirectly related to
 

increasing the cost effectivene;s of passive solar building design for heating,
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cooling 	 and daylighting, and on advinc&i ng and refining current technologies. 

4.8.6 	 Relevant Expertence in !.g;'pr and Worldwide 

Some limitd passive solt- artivity is taking place in Egypt. Most 

notable, CARE ha; con.t rucrtced n. aApe r Imental structures in Aswan. Th e 

American University In Cairo hi. 1K oaat the forefront of developing passive 

solar technologies for desert ,evapm.,tt. A large building housing the Desert 

nDevelopment Demonstration and Tra: lE Center was built using locally available 

adobe bricks. The denign Is base.d on traditional Coptic and Moslem architectural 

principles with prominent use of tradittonal domes and vaults. 
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5.0 ECONOMIC FEA\SIBILILY OF TE,'Wi1iCY/APP I[CATION OPTIONS 

The technologies discus;ecd in2 t tion 4.0 can he used to supply the energy 

needs of many of the applications Ah rihod in Section 3.0. In this section, a 

svbset of tecihnology/app' ,t iol tj ansare selected and financial analyses are 

conducted to determine their near (1h5-1990) and medium (1990-1995) term cost 

comp,,titiveness. Technology/appl, on options selection is based on the 

appropriat eness of the technology !,r supplying the type and quantity of energy 

rq irvd by the application. Ex.', ",Iuse of these technologies for similar 

appfIcatinna worldwide was also cone idered in selecting the technology/application 

ccombinations . Exhibit 5.1 shows in ma:trix format, thea technology/application 

comb Hations selected for evaluatir. 

Financial analyses the octed was to theirof sI options conducted determine 

cost competitivenes s with conventlni :l power sources (e.g., diesel generator sets) 

as well an with each other. The an-i yses were conducted in constant 1985 dollars, 

using a 10 percent real discount rate and an analysis lifetime of 20 years. A 

diesel fuel price of $35/barrcl and a real cost escalati-on of 2.5 percent per 

year was also assumed. The diesel ful price of $35/barrel was the international 

F.O.B. cost of diesel fuel during the time of analysis. 

It should be noted that th, fallo ;ing analyses are based on average values 

for Insolation, wind speed and other data. Also, cost of transportation for 

equipment, fuel, and personnel were not considered. Depending on the location 

and application, actual data will vary. Once a suhqet of technology/application 

options suitable for field testing has been identified, a more detailed, site

specific economic analyses will b conducted as a separate task under the Renew

able Energy Field Test Project: (Suhtask, 2.2.2 and 2.2.3). 
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5.1 Power for Remote Non-Grid-o(;utede Applications
 

The following discuss ion evlute, tLhe economic feasibility of a numhoh- of 

renewable energy t echnologies In nu ppjlyi ag electricity to several non-grid-connected 

applications. The technologies evil wLted are the following:. 

o 	 Wind
 

o 	 Photovoltaics
 

o 	 Diesels
 

o 	 Wind-Diesel Hybrid
 

o 	 PV-Diesel Hybrid
 

o 	 PV-Wind-Diesel Hybrid
 

5.1.1 	 Application Characteristics
 

The applications selected for evaluation are the following:
 

o 	A 30-40,000 bird egg production operation which corresponds to a GPC 
layer farm. Annual energy demand is 96 MWh/year. 

600 cow sterotypfcal Mry farm.
o 	 A i Annual energy demand is 160 MWh/year. 

o 	A 135,000 bird broilecr nparlt.ion which correspnnds to a GPC broiler farm.
 

Annual energy demald iq 146 Mi/year.
 

o 	 A 250 head beef feedlot. Animal energy demand is 10 MWh/year. 

Detailed characteristics of energy demand was presented in Section 3.0. The
 

analysis assumes that energy deman, is uniform across all months. 

5.1.2 	 Wind and Solar Resource Characteristics
 

The following resource characteristics are assumed for the analysis. The 

wind generator output is assumed to be the output of a 50 kW Enertech 44/55 

wind turbine located at a site with a wind regime similar to that at Ras Ghareb. 

The PV array output is assumed to ie the output from a ARCO Solar module located 

at 	a site with insolation levels similar to that at Wadi El Ruwayan. The wind
 

turbine and PV array output is shown In Exhibit 5.2.
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EXHIBIT 5.2
 

WIND TURBINE AND PV ARRAY OUTPUT
 

ANNUAL
 
JAN FEB MAR APR MAY JUN JUL AUG 
 SEP OCT NOV OEC TOTAL
 

Wind Turbine
 
Output (kWh/kW(rated)/month) 176 110 122 
 146 207 218 250 256 170 127 
 123 256 2,160
 

PV Array 
Output (kWh/m 2 /month) 17.03 16.48 18o57 18.80 18.68 17.61 18.21 18.34 17.51 16.43 14.67 15.11 207.4 

Note: The low wind 
turbine and PV array output in February and November does not make this 
site and ideal candidate
 
for PV/wind hybrid.
 



5.1.3.1 

5.1.3 Wind, PV and Diesel Sx'ntvv 

et. Ingl (iJ'v Lilt ionS
 

The technical 


- EEnerI'Suppl 

feasi hi lit tLhe renewable energy technologies bei ng
 

evaluated has been demonstrated in apIflc tion. worldwide. Therefore the
j 

principal purpose of this anialyi is 
tn de termine the economic feasibility
 

of the power sources. Economic feasibility is determined by a number of 
factors:
 

the cost of the components, componl. 
 life , ttheir operation and maintenance
 

cost, resource availabil it\y at ti, 
 site, demand profilt:, the feasibility of
 

load management, system reliabilitt y 
 anl the cost of competing energy sources. 

Exhibit 5.3 shows the bckl diagrams for wind, photovolt:aics, diesels and 

hybrid power systems. If only a wind pinurator or a photovoltaic system is
 

used, batteries are required. Sinc 
e nly one power source is used, if load
 

management is infeasible, 
the PV arra," or w:ind turbine size is determined by
 

the worst month resource availability. The amount of 
battery storage needed
 

is a function of 
energy supply complemont-ting dmand, desired reliability, and
 

the variability of the resource 
at the site. Typically, storage equivalent 
to
 

3-5 days of energy demand is used. 
 An inverter for converting DC power to AC
 

is needed if the load to be served requires AC power. For small systems the
 

wind or photovoltaic system could provide DC power and 
the load that specifically
 

requires AC power could have individual inverters attached to the 
load. Overall
 

system efficiency is improved since the inverter draws 
power only when the
 

specific AC load is needed, and since the 
inverter operates at peak efficiency.
 

For large systems a central inverter is preferred. 

Since the PV array or wind enerators are sized according to worst month 

conditions, during the other months t: ce ss energy will be available. If load
 

management techniques are not used, 
Lhis excess energy will be wasted, and the
 

cost of energy used will be higher.
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The diesel generator system (Exhibit 5.3.2) is of conventional design. The
 

generator must be sized to meet, the peak power demands. If the demand profile
 

exhibits large variations in power demand, it may be more economical to operate
 

two or more diesels in tandem.
 

Hybrid power systems (Exhibits 5.3.3 to 5.3.5) have a number of distinct
 

1
 
advantages:.
 

o 	Since more than one power source is used, system reliability is higher.
 

o 	Battery storage requirements can be substantially reduced. For example,
 
in hybrids involving diesels, if PV or wind supply only a small percentage
 
of the energy, then batteries may not be needed. If the PV and/or wind
 
generator supplies a substantial amount of the energy,} then storage
 
equivalent to about half to one day's demand is needed. In contrast,
 
standalone systems utilizing either a PV or a ;'w d generator requires
 
about 3-5 days of storage. Since batteries irejan expensive component
 
(about $150-200/kWh of storage for long-lf deep discharge lead-acd
 

batteries), reducing storage needs will substantially reduce costs.
 

o 	In regions having complementary wind andlnsolation resources (e.g.,
 
winter peaking winds or night peaking winds), hybrids with PV and wind
 
generators require smaller PV arrays, wNd generators and batteries.
 
For a given wind generator, array size c\?uld be reduced 10-20 percent and
 
battery size could be reduced 25-35 percent when compared to systems in
 
a region with no resource complementarity. 

o The diesel generator operating protocol can have a significant affect
 
on cost of energy from hybrid systems. For example, in a PV-diesel
 
hybrid, if the diesel generator is used to supply baseload power at
 
night and be a peak load supplier during the day, energy costs can be
 
reduced substantially when compared to a case where the diesel is used
 
only for backup. There are two principal reasons for the cost reduction:..
 

(1) battery storage and PV array requirements are reduced and
 
(2) the diesel can be sized to operate efficiently, thus increasing
 
fuel efficiency and reducing O&M requirements.
 

These advantages translate into power systems capable of delivering lower
 

cost, more reliable electricity to remote areas.: 	 -


V The following discussion is based on insights gained, and rules-of-thumb
 

<developed during a recent hybrid systems study (reported in:, Cabraal, R.A.,
 
and J. Pena, (1983) Assessment and Conceptual Design of Photovoltaic Hybrid
 

'1~ 9Systems, U.S. Department of Energy, NASA CR-168264).
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5.1 .3.2 Assumptions mt)d in Analvsis
 

Exhibit 5.4 shows th ct as'sumptions used in the analysis of wind, PV,
 

diesel and hybrid systtms. Thu ,os:t. are based on current prices, except as 

noted. 

EXHIBIT 5.4 COST ASSUMPTIONS 

Diesel Generator Cost Function ($/kW) 


Wind GLnerator Cost Function ($/kb' rated) 


PV Array Cost 


Battery Cost 

Inverter and Controls Cost 

Fuel Cost 

Fuel escalation rate 

O&M Cost for PV, Inverter and Controls 

O& Cost for Wind Generator and Battery 


O&M Cost Functions for Diesels (/hour 
of operation) 

System Life 


PV, Inverter, Wind Generator, Controls 


Life 

Battery Life 


Discount Rate 


Labor Rate 


5.1.3.3 Economic Analysi,
 

= $(5819/kW + 238) for kW>3 

= $1200/k' + 985) for kW>4 

= $250/m 2 (expected 1990 prices) 

= $150/kWh 

= $1, 000/kV,' 

= $35/barrel 

= 2.5/year 

= 1% of Capital Cost 

= 2% of Capital Cost 

= 0.059 + O.1C077*kW - 3.34 E-O5M.' 2 + 
(labor rct.*)k(0.0099 + 0.00036*' -

1.293l7-0*kW2 ) for kM<100 

= 20 years 

= 20 years 

= 10 years 

= 10% 

= $5/hour 

Exhibit 5.5 shows in grail ical form, the results of the economic analysis. 

The exhibit shows tle relation,sh iipbetween leve1ized electricity costs ($/kWh) 

and annual energy output for each of the power systems. The hybrid power system 

using diesel generators employ PV and/or wind generators in a fuel saver mode. 
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Batteries were not used in the diesel hybrid systems.
 

The principal conclusions from the analysis are as follows:
 

o 	In the near-term (1985-1990), the lowest cost electricity for all applica
tions requiring more than"30 MWh/year of electricity can be obtained fro nm 
a wind-diesel hybrid. 

o 	Stand-alone wind generators with load management are the near-term lowest
 
cost alternative for applications requiring less than about 30 MWh/year
 
and more than about 5 MWh/year.
 

o 	If the PV costs are reduced as expected, then by about 1990, a PV-wind
 
hybrid system with load management would be the lowest cost alternative
 
for applications requiring less than 40 HWh/year.
 

o 	In the mid-term (1990-1995), PV-wind-diesel hybrids have energy costs
 
similar to that of wind-diesels. However, the PV-wind-diesel system is
 
expected to have a higher reliability since there are three power
 
sources. 0
 

o 	The hybrid systems, in general, can supply power at a lower cost compared
 
to the individual power sources.
 

o 	PV stand-alone systems are the preferred option when energy demand is
 
less than about 4-5 MWh/year.
 

Exhibit 5.6 summarizes the results of the economic analysis. It should be
 

noted that these analyses were conducted for a specific,wind and insolation
 

profile. Other locations with different resource profiles would result in a
 

different set of cost curves. A site-specific analysis should be conducted
 

prior to selecting a power system.
 

An important point to note is that in the wind and PV'non-hybrid cases a
 

major cost component is the batteries. JIn both cases, the cost contribution of
 

these batteries is about $0.20/kWh, which is 57 percent of the electricity cost for
 

wind generators and 46 percent of the cost of electricity from the PV system. It
 

clearly demonstrates the advantage of hybrid systems as a means of reducing
 

battery storage requirements and thereby reducing energy costs.
 

The analysis discussed above uses a system sizing and costing procedure
 

developed by Meridian Corporation. The system sizing procedure is based on
 

conducting monthly energy supply-demand,balances and selecting systems to
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ECONOMIC .. ''S,S RE:SJLTS OF 
WIND, PV, DIE FI" A lHYBRI ) POWi ' SYS;TEMS 

LOWM'S1 >,;: ALTEKII2QI'IVE 

Application 	 1935-1990 Period 1990-1995 Period
 

1. 	 30-40,O00 Bird Egg Wind-diesel Wind-di esel
 
Layer Operation
 

2. 	 600 Cow Stereotypical WI nd-d iesel Wind-di esel* 
Dairy Farm 

3. 	135,000 Bird Broiler Wind-diesel Wind-diesel* 
operation 

4. 	 Beef Feedlot Wind with load PV-wind with load 
Sa a geme n t in1 a ,eme nt 

*PV-wind-diesel hybrid systems have 	 comparable energy costs. 
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satisfy the energy requirements tnr HIhoit the year. Exhibit 5.7 shows a sample 

output 	from the system sizing and chziug procedur. 

This procedure is adequwit. r ,cnditng a preliminary feasibility study. 

Once a system has boon s,,o ,, f dt. 0aled ,,., ation and conceptual design, 

a system simu]ation based on ho",r .upp]y--d.mand analyes should he conducd. 

This analysis will he able t, Jt . nst/n rs Izes more precisely and aiso, 

determine optimal power system cont -i and energy dispatch protocols. 

5.2 	 Power for Water Pumping Applications 

The alt ernat iye powe r sourw.;s v ons Lde red are the following: 

1. PV 	 with battery st,)rag,. 

2. PV 	 without battery storagt, 

3. 	Wind turbine directly vnupled to the pump
 

4. 	Wind electric generator
 

5. 	Biogas generator driving a gas engine which is directly coupled to 
the pump. 

The PV system with battery storage has the advantage that the pump can 

operate at its optima] design point. Hlowever, the added complexity of the 

system, the energy losses in the battery (they are 50-807 efficient), and the 

cost of the battery may negate thn Al 'antage of the increased pumping efficiency. 

The battery system also pro\,idea a means for better load matching. For 

example, if water supply is lImited by, for example, a low well drawdown rate, 

then the pump has to operate longer hours at a lower pumping rate to provide 

adequate water. A battery Is novd In such Instances. Also, if water is 

being drawn from a distribution channel and the distribution times do not 

coincide with sunlight hours, a hKt.orv will be required. A batteny system 

would be necessary if the array is tr power other equipment besides the water 

pump. 
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Exhibit 5.7B 
EVALUATION PROGRAM GRAPHICAL OUTPUT 

HYBRID SYSTEM 
100---

ENERGY SUPPLY & DEMAND 
DEMAND 

-f3- PV 

WIND 
80 -

-DIESEL 

60 

---------

/s/ 

40 

0 I i I I II I I 

J F M A M J J A S 0 N D 

MONTH 



The use of a wind turbine mechanically coupled to the pump has the advantage 

of lower cost and complexity. However, ease of location may require the use of
 

a wind turbine generator coupled to an electric motor driven pump. 
This
 

electrical system could use batteries. 
The advantages and disadvantages attributed
 

to the PV system with batteries is also applicable to the wind generator with
 

batteries. 
 PV array and wind turbine output data used in the analysis was shown
 

in Exhibit 5.2.
 

5.2.1 	 Application Characteristics
 

The applications selected for evaluation are 
the following:.
 

o 	Supplying water to 
500 head of cattle from a well requiring a 50 meter
 
pumping 	 head. Annual demand is 3650 m3 of water. 

o Irrigating one hectare of land where the monthly water demand profile
is as follows:. January:. 897 m3 , February:, 1290 m3 , March:- 1299 m3 

April:. 1302 m3 , May:. 1725 m3 , June:. 2043 m3 July:. 2457 m3 , Au ust:.
 
2425 m, September:. 2325 m3 , October:. 2265 mi, November:. 1124 m-,


3
December:. 1336 m . Assumed pumping head is 8 m.
 

o 	Reclamation of land where an electric motor driven pump with a
 
1 m3 /second capacity operates 18 hours 
a day for 325 days a year.
 
Assumed pumping head is 10 m.
 

5.2.,2 	 Economic Analysis 

Exhibit 5.8 shows the comparative costs of water pumping for livestock
 

watering. The lowest water costs are obtained from the biogas digester system.
 

However, PV without batteries and wind powered mechanical pumping costs are 

comparable. The biogas system assumes that a digester can be built and operated 

adjacent to 
the water source. If the water source is some distance away from
 

the source of raw material for the digester, practical considerations and raw
 

material transport costs could preclude the use of 
the biogas option. Also, if
 

the well is some distance away from the village, travel costs could make the
 

biogas digester option infeasible. In the mid-term (1990-1995) if PV costs 

decline to $2.50/Wp and BOS costs to $0.5-1/Wp, then the PV-powered systems can 
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EXHIBIT 5.10
 

COMPARATIVE COSTS OF WATER PUMPING SYSTEMS FOR LAND RECIAM4iTION 

SYSTEM GENERATOR AND 
 0&M LEVELIZEDI 

Water Outgut BALANCE OF BATTERY A; D VATER 
D
21 x 10 m 3 /year SYSTEM 
 FUEL COST COST 

10 m Pumping Head SIZE COST ()) SIZE (kWh) COST_($) ($) ($/m 3 ) 

1. PV with battery 7,256 n2 1,945,446 3150 472,500 30,735 0.015
 
storage
 

2. PV without batte-j 7,256 m 1,698,264 
 17,639 0.010
 
2
storage _ 

3. Wn.. urbine- 870 L. W14,900 - 13,699 0.0061 mvchanical MeAuP-)
 

4. Wind turbine with 870 K.; 990,562 3150 472,500 
 27 ,49 0.009 
, battery storage __ _ 

IS. Diesel Engine 262 kW 74,000 -147,339 0.007 

4
6. Grid Electricity
 - 0.003 

I Computed using procedure described in Section 5.1. 

2 If water flow rate requires 18 hours/day pumping, this system is infeasible unless water 
storage is possible so that pumping can occur during daylight hours. However, storage will 
add to costs. 

3 Siting problems may make this option infeasible. 

4 At $0.05/kWh. 



deliver water at about $0.1U//1 3 (Kki:h 3ettcries) and $0U.07/m (witlhout battercies). 

Exhibit 5.9 shows the CompAral; ivp. co;t Of water pumping for irri'atini' one 

hectare of land. Again, the hioran di1,ester system has th, lowest wter pumpino, 

cost, followed by the PV witL1out batt eries and wind powered mechanicil pumpi ng
 

systems. In the mid-term the PV powered systems have the lowest
will water
 

pumping costs. Based mid-term , PV with without
on cost s the system and batteries 

could pump water at $0.02/m 3 and FO.01/m respectively. 

Land reclamation requires.; liphp volume, low head pumping. Currently, grid 

electricity provides power for drafi Nr' Thereforesystms. the analysis should
 

include a cost comparison with grid-p .orred pumping. Exhibit 5.10 sthews the
 

comparative cost analysis results. ;rid-powered pumping is, by far, the cheapest. 

Uhe next lowest cost is exh ibited bV 'ind powered mechanical pumpin system. If a 

transmission line has to be built to lte pump site, the breakeven dis tance 

where wind powered wechanical pumping hecone.s more economical is 60 km (assuming
 

the tranmission line costs $10,000%/i 
 and has a 30 year life). 

Exhibit 5.11 summarizes the results of the water pumping cost analyses.
 

EXIIIBIlT 5.11
 

SUIMARY OF WATER PUMPING ECONOMIC ANALYSIS
 

Lowest Cost System

Application 
 1985-1990 1990-1995
 

Livestock Watering 
 Biogas* PV
 

Irrigation Biogas* 
 PV
 

Land Reclamation 
 Grid Electricity Grid Electricity
 

* PV and Wind pumping costs are only negligibly higher. 
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5.3 Anaerobic Digestion of 
Sewa' Wa te Water for Electricity Generation
 

5.3.1 Application Cha,rac: t er is t ic-, 

One application that appoi -c t, have considerable promise for 'ene rating
 

electricity using urban sewage wa;t, 
 ,ator is a biogas cogenerator. it can provide
 

electricity needed for plant operation and excess electricity can be fed to the
 

grid. Exhibit 5.12 shows a scheMat.ic for a typical plant. The folloaing analysis
 

is 	based on a system planned for ti, Sanitation District of the Los Angeles
 

County, California.2
 

It consists of 32 digestion tanks that operate continuously. The gas
 

generated is used to operate influent and effluent pumping, sludge drying, a
 

dual-fuel diesel engine (12.6MV), and topping cycle waste heat boiler. The plant
 

generates about 3.6 
x 1012 J/day o Fgas. It also requires about 8000 litres of 

diesel pilot oil per day. An ener;y ,;ince for this plant is shown in Exhibit
 

5.13. Tho excess electricitv gen,<rated can be used internally or sold. The plant
 

would generate 216 MWh/day of electricity which is equivalent to about 325 barrels
 

of 	oil/day (net).
 

Plant sewage waste water input is about 1.6 million cubic meters per day,
 

which is higher than the Cairo area waste water production. However, the unit
 

could be scaled down.
 

5.3.2 Economic Analysis
 

The plant, as configured in Exhibit 5.12 has an estimated capital cost of about
 

$12 million. It requires about 125,000 hours of labor 
to construct. Operation
 

requires 6000 hours of labor annually, 8000 liters per day of i,:2diesel oil and
 

2 	Lawrence Berkeley Laboratory, (1980) Characteristics of Solid Waste Conversion
 
and Cogeneration Systems, U.S. Department of Energy DOE/EV-0105, September
 
1980.
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AO.55 x l' 2.J/day 
C-ack losses 

1
1.19 x lO 2J/day Steam
 

BOILER 
 water
 

[- .32 x 10' )/day0.42 x 1012 j /day Exhaust 
Sewage 
 Gases 
Wartewater 
 SEWAGE 
 Sewage Gas 
 il Ox 1O'2 j/day
(1-6million ,
DIGESTER 3.6 x 
I0=1J/day 
 DIESEL 0.78 
x I012J/day_ Electricity (216

cubic meters) 

ENGINE to grid M'h/dav).4 1012 

./day
 
____ 0. 30 ::x~ l 

SPUMI' I'G OF INFIAiENTS
 
A-ND EFFL!EUNTS 
 AND SLUDGE 

DRYI;ING #/2 DIESEL 

FUEL
 

1,260 tonnes of sludge/day 

EXHIBIT 5-13 
ENERGY BALANCE FOR SEWAGE WASTEWATER 
ANAEROBIC DIGESTER AND COGENERATOR 



other 	miscellaneous mat. rial . :,,a life, cost of gcnrrat i ng,Ano: I:n 2n year plant 


electricity is about $O.03/kW . '1ih:, t is equivalent to petroleum at about 

$17/barrel, which is signifi:ant ly I,;; tLhan the world oil price of $29/barr .]. 

This type plant would only marg inlly increase the electricity generat i my 

capacity in Egypt, however, as a fuel saver, the plant has considerable merit. 

In addition to the electricity generated, the plant also produces about 1260
 

MT/day (tpd) of dried sludge wlichi can be used as a soil conditioner and 

fertilizer. 

The City of San Diego, Califcrnia has a similar plant currently undergoing 

testing.3 Sewage inflow to the pla:n is about 570,000 m3/day. A two-unit spark 

ignition engine generator system rtwed at 1350 kW each, consumes 34,000 m3 /day 

of sewage gas. The engines use 90 pvrcent sewage gas and 10 percent natural gas. 

tAt presen , half the sewage gas in flared since no demand has been identified 

The installed cost of the plait WAS about $11-12 million. This included about $2 

million for several site-specific contingencies. 

The San Diego plan sewae iNflow is comparable to the sewage inflow at 

the sewage treatment plant at Zc2n , Cairo (400,"DO Af If San Diego3!dy,). tlhe 

plant costs are scaled down to thh : si:', of the plant at Zenin, total capital. 

costs would be about S7 million. Daily sewage gas output would be about 

48,000 	m3/day. Daily electricity out put would be about 54 Mh. Cost of elec

tricity 	from the Zenin plant would be about $0.05/kWh.
 

5.3.3 	 Potential Application Sites
 

The sewage treatment facility at Zenin would be an appropriate site for an
 

3 Maitski, Frank, 
Personal Comm:unicat ion, City of San Diego, Utilities Depart-ment. 
February 19, 1985, Telephone 61q-236-7821. 

Mohamed Alaa El-Din, Abu Talid and Jack Fritz. 
Biomass Energy Potential in Elgypt
 
- A Realistic Appraisal.
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anaerobic digester cogeneratlon sy A tim. Additionally, appropriately scaled 

cogeneration systems of the type d,;,:ri hd above could he integrated into the 

many sanitary disposa;l project n pw undertaken or o 	 under thei, 	 u, planned 

Five-Year Developmnt 'lan. TI, -oj.c't, Include th, following: 

" 	 Ongoing sanitary disposal ,,o.:[s in the c ties of Damietta, Ras E1-Barr, 
El-Mansourah, Kafr i--S nik , zKi.;azig, Tanta, El-MalhalIa El-Kubra, Kafr 
E1-Zayat, Slhehin El-.Polo, Fa.,h.;, Ben2i Soue.f, E1-Min , :Assyour,Enyoun, .


Suez, EI-Ism.fllia and Port 5 ..
 

o 	 Completion K7 nine p-o, ,'i wK .1-h for the 1irst t:imeo provide sanitary 
disposal facilities r-1 of l- nr', S";h r:i M i t, Saima'noud,town.0, ,' 1-


Munon f, Kalyoub, Sot ,,, Finn, U:or and Aswan.
 

o 	 Completion of studio for n,', .';wae di.i;pnval projects in cities where 
first stages have tortar~pd 1ameleven toi,, Kaft" Sand, Ezhet El-Borg, 
Farshour, Aboul M.to: -- IM--PIt. i.i , Il-K h:iuka, Shehinp r, KI.:K otr 

El-Kanater, Toukh, KafrtSl . , Ko ;nd snui i .
.- I: hrira l-Mat, 

o 	 Carrying out projects ,,n:st o t V- Nile :*. ,itii t urtiol I,, pumping stations 
and pur fic ation centut-s i -- li: a nd El--dhbt El-As far. 

"o lmpletion of Lhe followi.., p,,.cts: P.rustafQ PKom, lW lection center; 
oilution center, El-Mia 111--iar!i, Ei'-Ro-. and Eii--Souda; collection centers 
and networks in Ei-Seyoun, .And UP main ,uipipng s t tion, and Hagr El-
Nawatia.
 

o 	 Completion of the pumpi.gn cntp at Sporting, col ,ct ion centers in 
Sidi Bishr and the We-'':n province, and the Western purification 

station In the Sumouha col le'tion center. 

o 	 Beginning of sewage di.posit l netw.orks in new and some of the older 
cities --- to meet the neod, 'isng from urbnn expansion in those 
cities with already o 'istriurnetworks, also improving and increasing 
output of sewage netv''ark.; relativ, to the use of water in homes. 

These systems could also b ins talled in the new industrial cities being 

planned as a part of the plan for developi ng areas outside the Nile Valley and
 

Delta.
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5.4 	 Anaerobic Digestion of Nni.i - 5+-li 	 Wjaste for J-Lct3ricity _ nGnerati 

The Cairo ,rca pener , n . ,,t 00n t pd of refu-e. About 15f0) tpd is
 

recycled by 15,000 ebaleon," wKL, n:at15 hrir 
 livingu from this activity. of
 

the remaining 2700 tons,/da , iihw , tL>d is collect ed 
 and 800 tpd is cft to 
5'rot. Characteristics ofM,,ASW 'nit iionrates for several cities in Egypt 

are shown in Exhibit 5.14. 

Organic material account fVr a substantial percentage of the HSU in Egypt. 

On the average, moisture con tent linje s from 40 to 60 percent and the energ'y con

tent from 6300 6to 7100 kj%/kg . Eihibit 5.15 shows the MSU composition in several 

cities in Egypt. 

5.4.1 	 Application Characterizat inu
 

Anaerobic digestion of municipal solid 
waste for the production of 

methane involves four major elp.in: prtreatmenL, digestion, product recove,ry, 

and residue treatment. Pret rai::rt of the solid waste is desirable to separate
 

inorganic matter and 
 materials which disrupt mechanical operation of the digester 

and to increase tihe biodei;radolbil it '. f the ,substrate. The digestion process 

results in the decomposition of rS';nic matter and production of gas. The gas 

produced may be used to genrat vlect rcity or undergo treatment for removal 

of carbon dioxide, leaving pipelin, quality methane gas for the commercial 

market. A re.sidue of undigested marrials is dewatered and disposed in a 

landfill, incinerator, or used as a soil conditioner. 

A pIint for anaerobic dirgo t ion of MSW builtwas in the U.S. under the 

sponsorship of the U.S. Department of 	 Energy. The facility known as the Refuse 

5 	 World Bank, (197H) Arab Lpubi, c of Egypt Urban Development Project Manual, 
Solid Waste Mn ,n' n t in Cair oan Alexandria. 

6 El lalwai, M.P., ,.R. TwfiL., -.I. Sorour and A.G. Abulnour. (1985). Solid 
Waste Management: A Comprahci.::i, , Assessment of Problem, Planning Approach
and General National Trends, In: Prceedings of the Conference on Solid 
Waste 	 Management, Volume 2. ,iul,,y 9 -I1, 1985, Cairo 	 Egypt. 
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Conversicn to Methane (RfCM) . l,,cated in Pompano Beach, Florida. The 

RefCOM facility is the on ly a , N.W anaerobic di ,ester in the U.S. The 

primary technical object, ite , t facility is 	 to demonstrate the ability of 

the process to produce gas econumically over the long-term. 

Material balance for the IW1)O0 ton/day (tpd) RefCOM facility is shown in 

Exhibit 5.16. Assuming 14 MJ/k, as the energy content of the input solid waste, 

the gross energy yield in the f ,' rf methane is 34 percent. The net energy 

yield (as methane) allowing for c. ctric power and heat required, is 22 percent. 

The net energy yield in the 
form of electricity is about P;percent. Electricity 

generated by the plant is about 4't(0tWh /day. Electrical energy requirements of 

the plant is 53 HUh/day. Thus, about 350 MWh of electricity is available for 

sale. 

Since the average energy cont.ent of MSW in Egypt is only about half that 

at the RefCOM plant, electrical energy output would be corresponding lower 

(assuwing conversion efficiunciec do not change). Therefore a 10100 tpd plant 

in Egypt would generate 200 NWh/day of electricity. Plant energy requirements 

could be slightly less if some of the pretreatment processes are conducted by 

the Zeballeen. For example, thIn magnetic separator, trommel screen and air 

classifier together use only 3 MW/day of the energy requirements. Net 

electricity output from the yevpt plant would be 150 HUh/day. This is equivalent 

to about 260 barrels of oil per day. In addition, the plant produces about 700 

tpd of soil conditioner and miscel laneous recyclable materials such as glass 

and metals.
 

5.4.2 	Economic Analysis
 

7
The RefCOM plant cost about $32 million. For the Egypt plant diesel 

fuel cost is about $0.75 mil lion annually. Assuming an H.Mcost of 5 percent 

7 Kispert et al. op. cit.
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of capital cost and a 20 year plant life, the levelized cost of electricity
 

will be about $0.10/kWh. This is higher than to current world oil prices. if
 

credit can be taken for the soil conditioner and recyclable materials produiced,
 

Ote cost of electilcity gernetir(; c., ro. Ireduced 

An alternate configuration is to use a combustion turbine in place of the 

diesel generator. The turbine has better energy recovery potential than a 

diesel, also it does noL require diesel fuel for operation. The combustion
 

turbine does have a number of disadvantages. They require sophisticated
 

compression equipment to raise the pressure and flow rate of the biogas into the
 

turbine. Also, engine failure has been known to 
occur due to the fouling of the
 

compression and peripheral equipment by 112S in the biogas.
 

It should be noted that anaerobic digestion of MSW is at the R&D stage,
 

unlike anaerobic digestion of sewage which is a commercially proven technology.
 

5.5 Use of Biogas in a Dairy Farm
 

5.5.1 Application Characterization
 

A dairy farm could effectively utilize biogas to provide source of elec

tricity for its electricity and heating requirements. A schematic diagram of a
 

dairy cogeneration system is shown in Exhibit 5.17.
 

The 600 cow sterotypical dairy produces about 15,600 MT of manure
 

annually. This is-equivalent to a daily production rate of 43 MT. The potential
 

gas production rate is equivalent to about 2350 kWh/day (assuming a gas-production
 

rate of 0.44 cubic meters of biogas/kg of volatile solids, 0.08 kg of volatile
 

solids/kg of manure, biogas energy content of 6.2 kWh/cubic meters of biogas
 

and an engine-generatoy efficiency of 25 percent).
 8
 - The size of the generator
 

required to produce 2350 kWh/day is about 200 kW. 


8 Computed from data in: Energy Research & Application Inc. (1981). Bioas
'Electric Power Cogeneration: 225 kW or greater. * Prepared for Tennessee Valley
Authority, Solar Application Branch, June 1, 1981. * --* 
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5.5.2 	 Economic Analysis
 

For the 600 cow stereotypical dairy, assuming a hiogas electricity generation
 

plant 	cost of SI500/kW and an OW> cost of 10% of capital cost, the cost of
 

electricity is about 00.075/kWh. This is equleVanI out to about $44/barrel of 

oil. 	 The cost is higher than the cost of grid power (International price 

$0.05/kWh) but it Is less than the cost of electricity generated using a 250
 

kW diesel generator.
 

The quantity of electricity demunded by the dairy is only 19 percent of
 

the amount of biogas electricity generated, allowing a major portion of the
 

electricity for other uses on-farml or for feeding the grid. The excess elec

tricity 	generated annually is equivalent to about 1200 barrels of oil.
 

5.6 	 Biogas Utilization in Poultry Operations
 

5.6.1 	 Application Characterization
 

Due to the high biogas generation capability of poultry manare and the
 

importance of the poultry industry in Egypt, this application is considered
 

appropriate. Exhibit 5.18 shows a schinatic of a poultry farm blogas cogenerator.
 

The application considered is a typlcal CPC layer farm with 30,000 birds. 

Biogas can be produced and uqed to generate electricity to provide power for 

ventilation fans, feeding, lighting and egg conveying and cooling. The total 

electrical energy requirment is about 100 MWh/year.
 

The manure from 30,000 birds ,will generate about 420 m3/day of biogas.
 

If the 	 biogas is used to generate electrlcity, the generated power could be 

utilized to supply the needs of the poultry operation. The quantity of elec

9
tricity 	generated would be about 650 IWh/day. The daily demand is 42 percent
 

of this potential electricity generation capability, thus excess electricity is
 

3
9 Assuming that volatile solids production is 32 kg/day/1000 birds, 0.44 biogas/
 
kg of 	volatile solids, biogas energy content of 6.2 kWh/m 3 of gas and an engine) 
generator efficiency of 25 percent.
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available for other applicatiown. 
 A jnrator with a peak capacity of 90 I'u
 

could be used for electricity pover'i t ion.
 

A similar plant could supply the electrical energy needs of a broiler
 

operation. 
The 135,000 bird broiler GPC operation would require about 146
 

MWh/year of electricity for ventilation, feeding and lighting.
 

Since the GPC broiler f.aro; col,1lect manure on straw, these operation are
 

not an attractive candidate for ana.rhic digestion systems. ! 0 
 Also, since the
 

manure is collected only every ', ,
rt months from each house, cont.i nuous digestor
 

operation is not possible. iHo,,.'ver, if manure can he collected 
as in the liyer 

operations, the 135,000 birds could tpenerate 1890 m 3/day of biogas. The quantity 

of electricity generated would 
1w about 3000 kWh/day. The daily demand is on!y
 

13 percent of the potential generation capacity. A 250 kW generator could be 

used to generation electricity fromr the biogas.
 

5.6.2 	 Economic Analysis
 

At $1500/kY, the total plant 
cost would be about $135,000 for the 30,000
 

bird layer operation. Assuming that O&M cost 
is about five percent of capital
 

cost annually, and system life in 20 years, 
the levelized electricity cost is
 

$0.094/kWh.
 

For the 135,000 bird broiler operation, the plant would cost $375,000 at
 

$1500/kW . Assuming that annual 
Af3I cost is five percent of plant cost, and a
 

plant life of 20 years, the corresponding cost electricity is
of about $0.057/kWh.
 

If electricity had to be generated using diesel engines, the 
costs would
 

10 Generally materials that are hicher in 
lignin 	(e.g. wood and crop residue,)
 
are poor feedstocks because 
the lignin protects the cellulose fron bacteriAl
 
attack. See: 
 Pfeffer, 2.T. (1978) Biological Conversion of Crop Residues 
to
 
Methane. In: Proceedings of the Second Annual Symposium on Fuels frol:
 
Biomass, Troy, N.Y. June 20-22, 1978.
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be substantially higher. Additionally, t lie plant would generate valuable 

residue which can be used as a soil conditioner and fertilizer, or as a poultry 

feed supplement. 

5.7 	 Remote Communications 

5.7.1 	 Appli cation Characterization
 

Ph-tovoltaics, wind and plotovoltaic/wind hybrids are often ideal 
sources 

of power for remote communication syst s:. The communications applications 

discussed in Section 3.0 are frequi,.ntlv sited in remote inaccessible location 

(e.g., 	 mountain teps) where the maintenance-free characteristics and dependa

bility 	 of the renewable energy technniogius make them ideallv suited to power 

these applications. 

Egypt has clearly recogni '<'., tMe advantage of 1V stand-alone systems for
 

poweiing remote communication 
 sy;t ems and several are to be installed in Egypt. 

As discussed in Section 3., the PV-powered communication systems in Eygpt 

rane in size from 150 W to 800 W power demand. Energy demand ranges from 3.6 

to 19.2 	 kWh/day. 

hybrid systems are also appropriate for remote communications applications. 

They are particularly advantageous when the wind and solar resources are 

complementary. For example, in raticns where wind ener y is high at night, a 

PV/vind hybrid can result in a system Nithilower battery storage needs when 

compared to a PV or wind-only systam. Furthermore, since there are two power 

sources, system reliability and energy availability becomes much higher. 

Studies conducted in the U.S. 11 have shown that PV/wind hybrids with one day of 

storage could provide power as reliably as a PV or wind only system with 

days of storage. 

llSee: Cabraal and Pena (1984) o1. cit. Also see discussion in: 
Powell, W.R., et. al. (1981) Alternate hybrid Power Sources for Remote Site
 
Applications. U.S. Department of Transportation, CG-D-06-81.
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5.7.2 Economic Analysis 

Variation in electricity cost with daily electricity demand for low energy 

demand applications are shown in Exlhibit 5.19. The energy supply technologies
 

considered are PV, 
 wind and diecel penerators. The cost asstumptions used in
 

this analysis 
 are the same as in iInxhibit 5.4, except for the followinp: Near

term (1985-1990) FV module co; 
 - $,"Wp; mid-term (1990-1995) PV module cost 

$2.50/Wp; labor cost for maintLainii , the diesel generators - $10/hour. A higher 

labor cost is assumed since tLhes Applications are likely to be found in remote 

less accessible areas. The wind an! solar resource availability assumption are 

the same as in Exhibit 5.2 

The analysis shows that in the near-term PV systems provides the lowest 

cost energy up to about 2kWh/day demnand. For daily demand greater than 2 

kWh and less than 30 kWh, wind systems are cheapest. In the mid-term, PV
 

systms provide the lowest enargy (oists for demand 
 up ta 30kV:h/day; diesels
 

provide lower energy costs for application requiring higphe r energy demand.
 

It should be noted that the 
 above analysis does not take into account 

the cost of fuel delivery whichi could he very high if the location is difficult
 

to reach. 
 Also, in many instances, the unreliability of diesels may preclude its 

use for many remote communication applications. 

5.8 Cathodic Protection 

Cathodic protection of pipelines, well-casings, storage tanks, bridges, piers, 

docks and locks, ship hulls, offshore platforms, bouys and other underground or 

underwater metallic structures is an ideal application of photovoltaics. The 

photovoltaic-powered low-voltage DC power supply prevents the corrosion of metallic 

structures which are in contact with the ground, groundwater, sea water or fresh 

water by passing a low-voltage DC current hetween the metal structure and a 

passive electrode. Exhibit 5.20 shows tie features of a typical photovoltaic 
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powered cathodic protection system.
 

The size of the array and battery depend on the size and shape of the 

s tructure.. to.be_ p te_ ._t..0ec, . eSA$ t ivi Ly. o. the transmis sio.n media a nd _insa la t ion. ... 

Protection currents can range from 100 mA/m or greater for bare steel to I mA/m 22 

for a heavily coated structure whef*re 
the exposed metal surface is small. For
 

example, a PV system generating 4,'0 k,h annually could provide protection for 
a
 

40 km of 
a well insulated 30 cm diameter pipe. Under average insolation levels
 

in Egypt, the 
PV array size would be about 200 Wp. The system would also
 

require a battery which provides powe"r at night *ind during the low insolation
 

periods. A battery with about 
5 l.'h of storage would be required. Annual 

protection cost is about $0.006/m,-, of pipe surface. 

Alternative power sources for cathodic protections are DC power supplies
 

connected to the electric grid and thermal 
electric power supplies operating on 

bottled gas. In the case of using power from the grid the controlling factor 

is the cost of running subtransmission lines. If the location of the structure
 

is close to 
an existing power line and the terrain is relatively flat, the 

utility grid power could be feasible. However, the structures are often in 

remote areas, far from the grid, Thermal electric power supplies have the 

disadvantage that they require, a regular fuel supply. 
Also, they have to be
 

highly reliable. Again the remoteness of the site may make resupplying 
cost
 

prohibitively high. 

5.9 	 Solar Thermal Technology Ufi6lization in Agriculture/Industrial
 
Processing -.
 

5.9.1 	 Technology/Application Options Selection"
 

For the following analysis we have selected evacuated tube, flat plate,
 

parabolic trough' solar collector, and flat plate/parabolic trough hybrid tech

nology. These systems were selected for the following reasons: 1) they are 
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considered relatively mature and proven solar thermal equipment and 2) they are 

expected to perform well in the Egypt inn environment. Conversely, the parabolic 

dish technology .was not chosen i ys sbecauseitis,notas tur a 

technology.
 

Exhibit 5.21 lists the applicationt; characterized in Section 3.6. Their
 

production and process tempera t' r-qutre 
 .ni s are tabulated in Exh ibi t 5.21
 

and it 
is clear that both their current production levels and their expected
 

rates 
 of growth earmark them as high priority industries in the Egyptian
 

production sector. Also thetti1pc,4rature requirements fell within the 
 range of 

potential economic viability 
for solar thermal technology applications.
 

We have deleted form the analysis the 
cigarette industry. This is
 

potentially a promising application which noets 
 the requirement criteria
 

mentioned 
above as those required of a candidate for the utilization of solar
 

thermal energy. 
Upon assessment of the U.S.-style processing, we learned that
 

they use very little, if any, 1 2
 steam as their process uses electricity entirely.
 

5.9.2 Economic Analysis
 

For the economic analysis herein described we have chosen for our t'est
 

case the application of evacuated tube, 
flat plate, parabolic trough solar
 

collector and flat plate/parabolic trough hybrid technology 
to moderate
 

temperature industrial thermal processes. Since this is only a 
preliminary 

screening of technology/applications it is sufficient to analyze selected loads 

and temperatures so as to preview what parameters are germane to the analysis 

and to demonstrate how economical solar technology can be in the "best case" 

treatment.
 

Exhibit 5.22 summarizes the performance and economics of the aforei~ioned
 

12,Allen, P. R.J. 
Reynolds Tobacco Comapny, Personnel' Communication, August 195.,
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EXHIBIT 5.22 A 

Summary of Performance ard Economic Data for 
Solar Thermal Technologies Applied to Industrial Processes
 

UNITS Wb Wc (de) (f) 

CO.LECTOR TYPE 
TEMPERATURE OF PROCESS 
PROCESS LOAD (a) 

I 
I DE6 C 
I 6J/YR 

I FLAT 
70 

1 14454 

FLAT 
90 

14454 

EVAC 
7C 

14454 

EVAC 
90 

14454 

PARA 
70 

14454 

PARA 
90 

14454 

PRAST HYSTEA 
130 130 

14454 14454 

ENERGY PRODUCED I 6J/YR 1 6793 6504 U6'6i 6685 7805 7732 8250 7615 

COLLECTOR EFFICIENCY 
F FACTOR 
AREA OF COLLECTORS 

I W/M2/C 1 
IINITLESSI 
I I 

0.76 
0.47 
2500 

0.76 
0.45 
2500 

0.1 
0.47. 

250U, 

0.8 
0.455 
2500 

0.72 
0.54 
2500 

0.72 
0.535 

2500 

0.72 
0.52 
3300 3294 

INSTALLED PRICE OF 
DISCOUNT RATE%) 
LIFE (YEARS) 

COLLECTOR I /12 
I % 
I YEARS 

1 

1 

371 
I 10 

10 

371 
10 
10 

411b 
16 
J( 

418 
10 
10 

500 
10 
10 

500 
10 
10 

500 
10 
10 

489.5 
10 
10 

CAPITAL COST 
OPERATION I MAINTENACE 
OPERATION &MAINTENINCE 
AINNUALIZED CPITAL COST 
TOTAL ARh COST 

9 
I 
1 
I 
I 
I 

US $ I 927500 
I 1.5 

US $ 113912.5 
US $ 1150946. 
US $ 116408. 

927500 1045000 
1.5 1.5 

13912.5 1567! 
150946. 170068. 
164858. 185743. 

1045000 
1.5 

15675 
170068. 
185743. 

1250000 
3 

37500 
203431. 
240931. 

1250000 
3 

37500 
203431. 
240931. 

1650000 1612413 
3 3 

49500 48372.3 
268529. 262412. 
318029. 310785. 

COST OF ENERGY 
COST OF ENERGY 
COST OF ENERGY IN TERMS 

FUEL OIL 
OF #6 

I /6J I 24.27 
I $/KW-HRI 0.087 

S/BBL 1 160.96 
I I 

25.35 
0.091 

168.12 

27.06 
0.097 

179.45 

27.79 
0.100 

184.29 

30.87 
0.111 

204.74 

31.16 
0.112 

206.67 

38.55 
0.139 

255.68 

40.81 
0.147 

270.69 

(a) for 	all the analyses we used a 3.3 GJ/hr load over a 4380 hour year.
 

(b) 	 FLAT--Flat plate collector, all information obtained from 
Math" Curgin, Novan Energy Inc., Boulder CO, personal 
comunication, August, 1985. 

(c) 	 EVAC-Evacuated tube collector, all information obtained from 
Bill Idon, Joule Solartron Inc., Orange HJ, personal 

: 	 Ed Schmidt, Alpha Solarco Inc., Spartanburg, SC, personal 

comunication, August, 1985. 

Ce) PAAST-Parabolic system for generating steam is detailed and 
referenced in 5.10,2 and Appendix D. 

(f) HYSTEAK-The Flat Plate/Parabolic Trough hybrid for genercing 
steam combined references B and D and those used in E. 
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PROJECTITO:; (M )LA, TI >I-. ENERCY 
4 JjS;i.NI 1990 

LI TS 1990 1990 1990 1990 

COLLECTOR TYPE I FLAT I EVAC I PARA IPARST I
TEMPERATURE OF PROCESS I )EG I 1C 70 7C, 93 1 130 1PROCESS LOAD (a) I U"rR I I4.',5' I 445.I I 445 1445I 

EWRG' PRODUCED GJ/R 613 i 5 9077 I8&2 

I I IFRIUL (TEST SLOPE) I 812/C I 4.323 1 1I., 0.595 0.595 IFR#TAfL fh.'A(TEST INTERQ£IF,T) IUNITLESS1 0.789 0.6 1 0.76 0.76 1
F FACTOR I,.ITLESS I 0.47 0.475 --. I ----
AREA OF COLLECTORS 
 2 2 ! 25(y 25!1 1 33001 

INSTALL_ PRICE CfCOL CIOP I 2 30 353 39 521 I
 

DISCOIUNT RWE 
 1% I 101 101 101 101

LIFE (YEARS) 
 I'IFS 1 15 15 1 101 10) 

I I I I I ICPPIT( COST tIS $ 1 800000 1 882500 1 980392 11719300OfERATION & PINTEMWE ; I 1.5 1 1.5 3 I 3 1
OPERATION & NINTEt a C I US 1 I 120,0 113237.5 29411.7 1 51579 1
R I ZED CAPITAL COST ILG $ I05179. 1116025. I159554. 1279808. 1TOTAL P*JAL COST [US$ 1111179. 11 ,3. 118896f. 1331387. 1 

I I I I I 
COST OF ENERGY 1,/GJI 17.-5 1 18.83 I 20.82 1 38.26 1
COST OF EERGY i/HIi-tRI 0.0, I 0.0,8 1 0.075 I 0.138 1 
llllll fitimmlll itl i tio"I i Ailitiff fl i~ifii l*5-43 
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----------

17'X iLT iI )CEXJTBJT 5.22
 

COST'BASES FOR SOLAR TECHNOLOGIES 

(a) 1990-(d) (b) 1990-(e) (c) 1990-(f) (c) 1990-(f)
LITS FLAT FLAT EAC EWC PARA PARA PARAST PARAST 

T M '.OF PROCESS I deg C 1 70 70 70 70 90 90 130 1301 
PROCESS LOAD I J/HR I 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 1 
COLLECTOR SIZE~ IK2 I250 2500 2500 2500 250 2500 3300 3300 1 

COST OF CONTROLS .\I US $ I 5000 5000 5000 5000 16665 1665 30000 30000 " 
COST.OF COLLECTORS' I US $ I 422000 295400 540000 378000 675000 405000 890000 534000 
BALA-NCE OF EQUIP. I US $ 1 00 800 000 800 16665 16665 2500 25090 1
EN6INEERING I US$ 1 20000 20000 20000 20000 66660 66660 66660 6660 I 
INSTALLATION I US $ I 47200 472000 472000 475000472000 475000 649000 649000 1 
.I, I 
TOTAL CAPITAL IUS $ 927000 800400 1045000 883000 1250000 979990 1650000 1304660 1 
INSTALLED COST I $/K21 371 320 418 353- 500 392 560 5211 

- OPER. & INTEW fICE IUS$ I 13900 13900 15700 15700 :37k0 37500 44000 0001
 

(a) Mathew Curgin, Novan Energy Company, Boulder, Colorado
 
August 9, 1985, quote by telephone, uninstalled price of
 
collector-$1691V
 

(b) Bill Idon, Joule Solartron, Orange, New Jersey, 

August 12,1985, quote by telephone, uninstalled price of
 
collector--$215/m2
 

(c) Don Duffy, Acurex Solar Company, Mountain View, California,
 
August 21, 1985, quote by telephone, uninstalled price of
 
collector--$270/a2, steam application
 

(d) DOE projection, 30% capital cost reduction of collectors
 
personal coemunication, A.Cabraal, 
 Meridian Corporation,
 
August 23, 1985.
 

(e) DOE projection, 30% capital cost reduction of''ollectors
 
personal communication, A.Cabraal, Meridian Corporation,
 
August 23, 1985. 

(f) DOE projection, 40% capital cost reduction, 5%efficiency

increase, personal counication, A. Cabraal, Meridian Corporation,
 
August 23, 1985.
 

f *HIf I*iI if HI *I* **I .***.ffIti **it 
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technologies in various Industr iil ,liI ,ations. Each column of data is derived 

from an independent analysis p.rforma.d for a given set of input data. For 

example, an analysis was performed for flat plate collictors applied to a 

process requlri nj 70°C and 3.3 ;,/hr in tihermal energy. 

Since th, process loads are quite large for some of the technologies, 

i.e, flat: plat and evaciiateud tube, Aod because we tried to maximize the fraction 

which solar energy could contrtbato to the tnt:al load, we opted for a rather 

large svstem for each analysis. iBirose Wie objective of this analysis is 

compar ing econ omics, we standardieid the conft.guration size at 2500 m2 
. For al.1 

of the analyses input solar energy was given to be that characterized as Cairo 

West.13 An example of the data from which Exhibit 5.22 was derived Is shown
 

in Exhibit 5.23.
 

The first six analyses of Exihit 5.22 were done for flat 
plate, evacuated 

tube and parabolic troughs applied to 70' and 900 processing requiring 3.3 

GJ/hr. The difference in collector efficiency accounts for the variation in 

energy production (also the parabotfa system tracks the sun thus receiving more
 

solar energy per unit area per day). From thre table it is clear that the least 

expensive energy is that prodlced b' a flat plate system for a 70'C process. 

The steam calculation requi cd a mul ti-level analysis which included not 

only computing the energy and mass flows of a solar steam system but also 

selecting the appropriate configuration. Exhibits 5.24 and 5.25 Illustrate the 

two basic solar steam system designs.
 

In an unfired-boiler steam sy'.'tem Exhibit 5.24, an organic heat transfer 

fluid is pumped through the collector field and then to an unfired-boiler. The 

hot fluid within the tubes of the boiler vaporizes the water next to the tubes; 

this saturated steam is fed to the existing steam heater, which delivers energy 

13 Egypt Electricity Authority, Climatic Data, Unpublished Typescript, July
 

1985. 
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• .). .:' . -. . , " :i i 

: . . tI G!27.'r:Lr* h!} II.;ll SYSTK 
" ,,FjnI rzilE cCLLECTI: 

S1-A.1! LOD OTR- Mlux F 
GJ G GJ GJ 

J IE2.7 52.9 1.23 28.2 0.5? 

.L' 
F -f;-62.7 53. 2 115.23.0 -0.57 

1167.5 52.9 1.26 24.7 0.55 ' 

fth IE.8 57.0 1.17 23,7 0,55
1.1W 176,5 5.,9 1.08 27.2 0,54 

JLU I.5 57.0 0.99 27.1 0.52 
JUL 17.2 5S.9 1.02 26.2 0.5. 
F.JS 1,6.1 52.9 1.12 23.5 0.60 
S-P 16,5 57.0 1.17 21.4 0.62 
£CT 1 3.4 5.9 1.20 23.0 0.61 
1Q; 152. 1 57.0 1.13 25.8 0.55 
[-L 151.7 52.9 1.17 29.7 0.50 
"F E?:ThE2.5 13.70 303.6 0.56 

SK:_- C' C2 LEIT[, F.-ZLE .... E 7E 

C-:_L-TG- . f ........... 7 
i 3 FRILL (TEST OP')........... 3.73 -

4 FR*TAlPY..Pi (TEST INTEREPT). .79 
5 COLLECTOR SLOPE............... 45 1:G 
6 COLLECTOR AZIIWJTH (SXJTH0)... 0 E 
7 I'IDclvCE -3&LEMOD TYPE(6-10) 8 
6 tHJ,,3ER V GLA!fIs ....... 1 
9 INC W.E IQDIFIER C',3T1T. 0 
10 INC AN27-E IODIFIER YVLLE(S). 

1 .939 .939 .995 .981 .953 .52 
.7 .35 0

11 CLECTOR FLOWPATE/AR,- ....... 015 [3/S-.. 

12 COLLECTOR FLUID SPECIFIC HEAT. 4.19 
13 1JDIFY TEST VALUJES (=Y,2--},. 2 
14 TEST COLLECTOR FLOWRATEIP.E .015 
15 TEST FLUID SPECIFIC [ICT.... 4.19 ,J':5 -

Exhibit 5.23 

Data from a Computer-derived 

Calculation of Solar Energy 
Output from a Fiat Plate 

System 
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to 	the industrial process. As tie steam is generated, additional condensate is 

supplied to the boiler. The hot condensate is assumed to be saturated. Steam
 

generation is a latent-heat prcp;; lierefore, no temperature change occurs 

on 	the watyr side of the boiler. W ru e huat is hei a' transferred [roml tIe 

collector loop fluid to the watv, the fluid in the collector loop inust always 

exceed the steam saturation temirature/ 4 . 

The unfired-boiler unit in a system which Is advantageous in that it is 

generally the most reliable techninlgy i.e., it requires less maintenance. IL:t 

disadvantages are that ]) it uses additional equipment (e.g. heat eichangur)
 

and thereby Is more costly and 2) the working fluids are normally toxic thus
 

preventing their use in areas which process food. 1 5
 

The design which competes with the unfired-boller is the Flash Steam
 

Syst,-m (shown in Exhibit 5.25). In a flash steam solar system, pressurized 

water is cii tulated through the col ector fieli and flashed to a low-qualtr' 

steam across a throttling val1ve Wnta a flash, or separator, tank. Flashing i; 

a constant enthalpy process that uonverts the sensible heat of the water into a 

two-phase mixture of saturated 'Nt-r and saturated steam at conditions preva ling 

in the flash tank. The steam qu.l ty (fraction of total mass flow that is 

flashed to vapor) usually is WA,:;than 107. Steam separated in the flash tank 

is 	fed into the plant steam dfls rihu tion system to be used by the industrial 

process. The saturated liquid is recirculated through the collector field. To
 

maintain the necessary liquid level in the flash tank, boiler feedwater is
 

injected into the pump suction.
 

For analysis we chose to work with the Flash Steam model. It is a design
 

which is less costly and has greater range In its application. This is
 

14 	Kutscher, C. et al. (1982) Deln Approaches for Solar Industrial Process
 

Heat System, SERI.
 

15 	Corbin, P. Lockwood Greene, Or. Personal Communication, August, 1985
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particularly important in Egypt sinco replicabiliLy of technology factors highly 

in the renewable energy technology vo, lc:ctlon process. The results of our 

analysis; are summarized In :K:hhi _ . The details of the calculation are 

shown in Appendix D. As expec e, t h igher temperature process of steam 

generation is significant]y more c,;'l , than the other hot water process (130C 

steam costs 25L and 52% more thau 90"c hut water produced by parabolic and flat 

plate collectors respectively). It K: notewarthy that there have been relatively 

few analyses ptrformed on solar sto p;rdl lton and as we have discovered, the 

literature is both limited and occasiona]ly error-prone. 

Exhibit 5.22B is a summary of da ta similAr to that presented in Exhibit 

5.22A, which differs as a result of capital cost reductions in solar thermal 

collectors projected by the U.S. Departoent of Energy (DOE) for the year 199n. 

The flat plate and evacuated tube col lertors are expected to decrease 30% in 

price, whereas the parabolic trough syste m should e xper ence a 40% price reduction 

and a 5% efficiency increase by 19QO. 1 6 Input data used in the economic analyses 

are shown in Exhibit 5.22C. 

The preceedtng analysis should be regarded as only preliminary and 

approximate and should only he used in a compirative sense. Major cost changes 

will result from such factors as E,,'ptia, labor cost, shipping expenses, 

location changes (i.e., place other than Cairo West), etc. The process 

temperatures chosen reflect typical ind:tria] temperatures in Egypt (e.g. food 

canning) and were used to present a realist:ic perspective. 

We performed a preliminary analysis on a hybrid parabolic trough/flat 

plate steam generating system; the details of which are presented in Appendix 

E. For simplicity we used an approach wh cich is based upon an assessment of the 

16 DuE projection, National Solar Thermal Research Program, 5-year Plan, 

December, 1984, via personal communicat [on, A. Cabraal, Meridian Corporation, 
August 23, 1985. 
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maximum amount of energy which a flt plite array can contribute to a steam
 

production cycle. A schematic di,gr:AM of the hybrid is .hown 
In Exhibit 5.26.
 

It is essentlilly a flash 
';';tem with A flat plate field Ins.erted upstream of 

the parabolic array. The result ing energy produced and collector areas were
 

then combined to produce the cost fhi,:'a In Exhibit 5.22.
 

This analysis shows 
that : 'hel-id s.turm produces slightly more 

expensive energy than the paraboli.nly unit:. Since our analysis was not al 

analytical optimization it is posn ible that these economies may change using 

such an approach. A more det~alsl anilysLs of parabolic flash, parabolic
 

unfired-bailer, flat 
plate /parabol ic flash hybrid and flat plate/parabolic
 

unfired-boiler systems will 
he p-rrm d in the analyses of Task 2.2.2. One 

can surmise that the optical effi ncies of the two collectors are not 

significantly different at tha lower temperatures, and this coupled with only a
 

moderate collector price d.fferential would suggest that little, if any, savings
 

can be realized by the hybrid system.
 

5.10 Solar Design Options for Building Climate Control
 

5.10.1 Technology/Application Option 5;election 

5.10.1.1 Space Heating
 

A primary use of domestic cnergy in cte residential sector in Egypt
 

consists of space heating. Currently, the energy used 
comes from the combustion
 

of liquid fuels. Habitants of the tucil areas often use biomass for space
 

heating. However, due 
to the low cost of fossil and electric fuels the trend
 

is toward increased consumption of cu'rnerclal fuels. 
 Urban households in their
 

large majority use conmercial fuels.
 

Exhibit 5.27 presents an evaluation of the jse of both gasoil and
 

electricity options for space heating for Cairo. 
 The dwelling analyzed is the
 

2
same 120 m apartment used for the ,alcuiation of the heat loss coefficient.
 

5- i 



j, A 

: ' . .. : .. . . . /'- / 

Field 

-, < ,- ! 
17 

-

- - . i l o 

* FLASH TA!iK 

K.,, ,+: Flat 
Plate 
.,, :•• 

" 
. ++, 

Field FREEZE 
PREVENTo:q 

C SHEATER" 

Co.oENSAT: 

I.. -~ (I"ON~O .~..D PAA.hEU? , 

-rFL .zFLASH TER.-

PREVENTION. . . 
P~uPi; LE LL .-

ACH 

Exhibit 5.26 

Schematic Diagram of a Parabolic Trough/Flat Plat"O"'.. 

Hybrid' Sola-r Steam System 

Y,, 

4'5 -52 



EXHIBIT 5.27 

EVALUATION OF T11FGSOIL AND ELECTRIC OPTIONS FOR SPACE HEATING 

JAN FEB MAR APR NAY JUN JUL AUG SEP OCT NOV DEC TOTAL 

MEWANTEMPRATURE (deg c) 13.2 14.2 16.6 20.2 24.2 26.7 28.2 27.8 25.4 23.4 19.2 14.8 

TEK)ER TURE REOUIRD (deg C) 18 18 18 18 18 18 18 18 18 18 18 18 

TENP. DIFFERENCE 4.8 3.8 1,4 0 0 0 0 0 0 0 0 3.2 

DAYS PER MONTH 31 28 31 3 31 30 31 31 30 31 30 31 

HEAT LOSS COEFF. (W/deg C-0> 4.15 4.15 4.15 4.15 4. 15 4. 15 4.15 4.15 4. 15 4. 15 4.15 4.15 

DEGREE DAYS 157.7 115.7 69.5 14,8 1.3 0.2 0 0 0.2 1.2 19.6 109 489.6 

DYELLING AREA (W) 120 120 120 120 120 120 120 120 120 120 120 120 

AREA FRACTION 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

TIME FRACTION 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 

TOTAL HFATING LOAD (KW-HRth) 155.49 114.08 68.924 14.593 1.2818 0.1972 0 0 0.1972 1.1832 19.326 107.47 482.76 

GASOIL MHEATING 

-EATING EFFICIENCY 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 

GROSS ENERGY CD&'. (K-HR/MO) 444. 28 325.95 19.92 41.695 3.6624 0.5634 0 0 0.5634 3.3807 55.218 307.08 1379.3 

GASOIL CONSUMTION (TONNE/MONTH)0. 0374 0.0274 0.0166 0.0(35 O.003 0.0000 0 0 0.0000 0.0002 0.0046 0.0258 0.1162 

ELECTRIC HEATING 

GROSS ENERGY CONSUMP. (KW-R/M0. 155.49 114.08 68.94 14.593 1.2818 0.1972 0 0 0.1972 1.1832 19.326 107.47 462.76 

ELECTRIC. CONSUIP. (KW-HR/MONTH) 172.77 126.76 76.532 16.214 1.4242 0.2191 0 0 0.2191 1.3147 21.473 119.42 536.40 
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Using the monthly degree-days derived ear lier and assuming that one 30m2 room
 

is ,eated for 8 hours per day we nra able to calculate a typlcal heating load. 

Taking the efficiency of a p'is, llheater as 35 percent, the gross energy 

consumption can be derived and is eqal ,iient to a consumption of .12 Tonnes/year,
 

per household. The analysis for the electric heating option is based on an 

electric resistance efficiency of 9u percent (10 percent radtation loss through 

windows). This results in an annui:l eleetricly consumption of 536 KW-hr/yr. 

A solar space heatlrng systeme .:, evaluated to check its applicabi lit, in 

Egypt. the system defined to meet the typical dwelling load con is sts of 3m2 of 

air or water panels. The model incor porat:es tie heating load method used to 

calculate space heating requirements. i1The solar fraction is calculated using
 

the SLR correlation method which fs appropriate for space heating analysis.
 

Exhibit 5.28 presents the results of the analysis. The system is configured to
 

operate as base load with an electric heater providing backup when the load
 

exceeds system capabilities.
 

The results indicate that such a system will meet 88 percent of the
 

heating load over the year. The balance of the heating load is covered by an
 

electric heater consuming 64 kWh/yr.
 

A possible system appropriate for Egyptian conditions is the hybrid
 

solar hot water/space heating arrangement:. Such a system will consist of 
a 

water heating system operating at a base load condition. The system would be 

oversized probably by 20 to 40 percent and wil have a secondary heat transfer 

loop from the hot water tank to the rom:m to he heated In winter. During the 

winter days, the heating loop will use the hot water gathered in the tank to heat 

the room. Such a joint application AlIL he cheaper than having two different 

water and space heating configurations. Its technical feasibility and its 

effectiveness in meeting the two healing needs need to be investigated further. 
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EXHIBIT 5.28
 

EVALUATION OF TIE SOLAR OPTION FOR CE HEATING
 

JAN FEB IAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL 

E TEMPERATURE (deg c) 13.2 14.2 16.6 20.2 24.2 26.7 28.2 27.8 25.4 23.4 19.2 14.8 

TE4P[Rf TURE REDUIRED (deg C) 18.3 18.3 18.3 18.3 18.3 18.3 18.3 18.3 18.3 18.3 18.3 18.3 

TE)M. DIFFERENCE 0 0 0 1.9 5.9 8.4 9.9 9.5 7.1 5.1 0.9 0 

DAYS PER MONTH 31 28 31 30 31 30 31 31 30 31 30 31 

HEAT LOSS COEFF. (W/deg C-M2) 4.15 4.15 4.15 4.15 4.15 4.15 4.15 4.15 4.15 4.15 4.15 4.15 

DEGREE DAYS 157.7 115.7 69.9 14.8 1.3 0.2 0 0 0.2 1.2 19.6 109 489.6 

DIELLING AREA (M3) 120 120 120 120 120 120 120 120 120 120 120 120 

AREA FRPCTION 0.25 0.25 0.25 0.5 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

T1t1E FRACTION 0.33 0.33 0.33 0,33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 

TOTAL HEATING LOAD (KW-HR/I3NTH)155.49 114.08 68.924 14.593 1.2818 0.1972 0 0 0.1972 1.1832 19.326 107.47 482.76 

TOTAL HEATING LOAD (WMONTH) 559.79 410.70 248.12 52.536 4.6146 0.7099 0 0 0.7099 4.2596 69.574 3,86.92 1737.9 

TILTED SOLARRRAD. (IJ/M2/MNTH) 479.4 542.1 657.6 626 646.5 637.5 687.6 708.4 695 679.3 586.9 531.1 7477.4 

P4ELAREA () 3 3 3 3 3 3 3 3 3 3 3 3 

SLR 2.5691 3.9597 7.9507 35.746 420.29 2693.8 NA NA 2936.8 478.41 25.306 4.1178 

SOLAR FRACTInN 0.7481 0.9100 I 1 I I NA NA i 1 1 0.9221 

SOLAR ENER. PROD. (MJ/,]NTH) 418.79 373.75 248.12 52.5&E 4,6146 0.7099 0 0 0.7099 4.2596 69.574 356.81 15.?9.9 

SOLAR ENER. PROD. (KW-HR/MONTH) 116.33 103.K 68.924 14.593 1.2818 0.1972 0 0 0.1972 1.1832 19.326 99.116 424.97 

ELECTRIC LOAD 43.517 11.402 0 0 0 0 0 0 0 0 0 9.,909 64,211 
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5.10.1.2 Space Cooling
 

due tf h1 1 'h isSpace cooling to r ro;t still considered a luxury In Egypt 

Cooling is required for at I ;a 4 ;months of the year. Exhibit 5.29 presents 

an evaluation of the use of an air couditloner In the typic al Egyptian dwelling. 

The COP is taken to be equal to 1.8 (data from Egyptian manufacturers). The
 

air conditioner is sized at 2.2 kWi in order to meet the peak design load.
 

Results indicate that energy cons mlpt iou will be approximately 285 kWh electric 

for a base temperature of 25C.
 

The other solar opt ion for climatization is the intorudction of passive 

designs in new building designs, and the retrofitting of existing buildings 

with selected passive solutions. Three low-cost appropriate passive solutions 

have been selected for evaluation under Egyptian condittons. These are: a) 

window overhangs, b) low emisesivitv glass and reflective film, and c) roof 

ponds. The analysis associated withii each of the technologies is long and 

tedious. They are presented separitely in Appendices F, G, and H1. 

Exhibit 5.30 presents a summary of tie results for overhang analysis. 

Results indicate that during the samm:,r months (May-September) solar radiation 

absorbed is reduced by 18.6 percent while winter solar absorption stays constant. 

Exhibit 5.31 presents a summiry of the roof pond analysis. The described
 
9 

pond has an area of 20 1- and a depth of 15 cm. It is situated on the roof of a 

building and operated in a cooling mode, i.e., with insulation cover during the 

day. Results indicated that the pond culd dissipate 76 percent of the nighttime 

cooling load (assumed to be equal to 4)t of the total load). 

Exhibit 5.32 presents a summary of the analysis of the effect of using
 

low emissivity glass or a thin reflect lye film. The specific example given is
 

a new kind of green colored, low cmlsivity glass. Based on its high solar
 

rejection, it is able to keep out 75 percent of the incoming solar radiation.
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EXHIBIT 5.29
 

EVALLJAION OF THE AIR CONDITIOEfR FOR SPACE COOLING 

JAN FEB hiH OPR MAY JUN JUL AWUGSEP OCT NOV DEC TOTAL 

MEAN TEMPERATURE (deg c) 13.2 14.2 IL.6 20.2 24.2 26.7 28.2 27.8 25.4 23.4 19.2 14.8 
TEMPERATURE REQUIRED (deg C) 25 25 25 25 25 6 25 25 25 25 LI 25 
TEKP. DIFFERENCE 0 0 0 0 1.7 3.2 2.8 O.4 0 0 0 
DAYS PER IONTH 31 28 31 30 31 30 31 31 3 31 30 31 
HEAT LOSS COEFF. (W/deg C-M2) 4.15 4.15 4., 4.15 4.15 4.15 4.15 4.15 4.15 4.15 4.15 4. 15 
DEGREE DAYS 0.5 0.4 1,1 4 25.4 64.1 103.9 92.3 35.9 13.7 1.5 0.3 343.1 

DFWLING AREA 40) 120 120 11) 120 120 120 120 120 120 120 120 120 
AREA FRACTION 0.25 0.25 0.25 0.25 0.5 0.25 0.25 0.25 0.25 0.25 0.25 0.25 
TIK FRACTION 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

TOTAL COOLING LOAD (KW-HR/MGNTH) 0.747 0.5976 1.643, 5.976 37.947 95.765 155.22 137.89 53.634 20.467 2.241 0.448, 512.59 

THEORETICAL COP 0 0 0 0 0 175.9 93.125 106.42 745 0 0 0 
PRACTICAL COP 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 
AIR CONDITID ER RATING (KWth) 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 
AIR CONDIT. 
ADDIT. A.C. 

COOL. (KW-HR/NONTH) 
EED (KW-HRIfMOfH) 

0.747 0.5976 1.643k 
0 0 0 

5.976 37,947 95.765 155.22 137.89 53.634 20.467 
0 0 0 0 0 0 0 

2.241 0.4482 512.59 
0 0 0 

A. C. ELEC. CONSUM.(KW-HR/MONTH) 0.415 0.332 0.91, 3.32 21.0K2 53.203 86.237 76.609 29.797 11.371 1.245 0.249 284.77 
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EXHIBIT 5.30 

PERFORM1ACE OF OVERHN TYPE H 

TYPE H, X/H=.375, Y/H-.5 I 

JAN FEB MiR APR MAY 

z =z 
JUN JL A SEPT OCT NO/ DEC 

mNTHLY SOLAR ASSORED 
WITHO]UT AN MVF4"C 

M-hT-LY PBSIRDED WITH 
OYE R14MG HI 

MJ/I2/O 

MJIM-/MO 

1 
I 

1 

327 

327 

308 

308 

282 

260 

221 

170 

188 

145 

191 

168 

195 

162 

211 

156 

258 

218 

33i 

326 

325 

325 

329 

329 

PERCENT DIFFERENCE, 0QTHLY 

S !R-p 04TH DIFFERENCE M% 

WINTER IONTH DIFFERENE (Y.) 

1 0.00 

1-18.60 

1 -0.31 

0.00 -7.6) -23.08 -22.87 -12.04 -16.92 -26.07 -15.50 -1.51 0.00 0.00 
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EXHIBIT 5. 31
 

EFFECT OF ROOF POND ON COOLING LOAD
 

UN 1I S 

REF. DEGREE DAY TEi1PLRTUiLJRC I DEG C 1 25 1 
DEG COOLING DAYS FOR JULY I DDs I 103.9 1 
BUILDING HT. LOSES COF i. I W/M2/C 1 4. 15 1 
BUILDING FLOOR AREA I ,1 120 
DAYS/MONTH I DAY/MO 31 

COOLING LOAD
 

MONTHLY COOLING LOD I GJ/MO 1 4.471 1
 
DAILY COOLING LOAD) I MJ/DAY 144.2 1
 

NIGHTTIME COOLING LOif> (4%) 1 MJ/DAY 1 57.7 1 
DAYTIME COOLING LOW) (I0%) MJ/DAY 1 86.5 

AREA OF ROOF POND M I I20 
DEPTH OF ROOF POND N 0. 1524 I 

HEAT DISSIPATED AT NIGHT M 63.04 1W/N2 
TOT. HT. DISSIPATED 0T NIGHTI MJ/HR I 4.54 1 

NIGHTTIME COOLING LOAD I MJ/HR I 6.01 I 

% OF COOLING LOAD SAYED I % 0.76 1 
* ** :,, -59 ***********************- *W-. 
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EXHIBIT 5.32 

EFFECT OF RFLECTIVE FILM ON ABSORBED LAR RADIATION 

MATERIAL-SJTIHALL CORPORATION HM-55 WITH 
GPEEN COIER 

SHDIN COEFFICIENT--O.28 
VISIBLE TRANSNISSION-40% 
LNIT THICKKESS--3.8!CM 
SOLAR REJECTION--0. 754 

JAN FEB 14R APR MAY JUN JUL AU SEPT OCT NOV DEC 

WTItLY SOLAR ABSORBEDI KJ./M2/MO 1 327 3(8 2K 221 188 191 195 211 258 331 325 329 
WITHO-UT AY COATING I 

PfliTI-LY ABSORBED WITH KJ/K2/MO 1 80.6 75.9 69.5 54.5 46.3 47.1 48 52 63.6 81.6 80.1 81.1 
,4-55 COATI I 

PERCZNT DIFFERENC, MONTIY 1 -75.4 -75.4 -75.4 -75.3 -75.4 -75.3 -75.4 -75.4 -75.3 -75.3 -75.4 -75.3 
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5.10.2 Economic Analysis
 

5.10.2.1 Economic Analys;; for Sparce Heating 

The ability any t 'hj1i to compete in the market place is aof solr i gy 


function of its price compa red 
 to a Ir-na ive energy system. . Exhibit 5.33 

displays the economics of usog sa I ar electric heaters In order to meet: 

space heating energy requlreineat-:;. 'T'he a niysis is 1f-, ed on a capital cost of 

$50 and $70 respectively for tie gasl II ai'l electric heaters, and an operation 

and maintenance cost of 5Y of capitl co.st. Results indicate that gasofl system 

annualized cost is $0.03/kWh and eoIectrIc. system co.;t is $O.08/kwh. Thus, 

electric systems are more expens ve on a life cycle cost basis. Their expaniing 

use in Egypt is due to the subsidized p'ice of electricity and ther ease of use. 

Solar space heating economic ovaulat ion is presented in Exhibit 5.34. 

2Cost of installed solar panels is takten to be $22/n and operation and maintenance 

cost assumed to be 2 percent. Re16slts of the evaluatfor indicate a price of 

$0.30/kWh on a ife cycle basis. This re.a;ult can he expected due to the short 

duration of the heating season and Cairo's mile climate. Clearly, solar space 

heating is not economical In Egypt todmy. 

1.10.2.2 Economic Analysis for Space Cooling 

It is difficult to evaluate tho economics of using an air conditioner 

since sizes, usage patterns and stc:1-- up temperatures vary significantly among 

users. Nevertheless, an analysi s was; performed using the typical dwelling 

cooling load. The air conditioner is taken to cost $300/kW and is sized at 2.2 

kW. Life is assumed to be 5 years based on a manufacturer estimates. Exhibit 

5.35 presents the economic evaluation cf the air conditioner. Results indicate 

that cooling cost for home users i, $0.39/kWh cooling. 

Exhibit 5.36 describes the financial analysis results of all three 

passive systems. The results indfcate that roof pond costs are much higher 

than comparable traditional air conditionings costs. Low emissivity glass 
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EXHIBIT 5.33 

ECONOMIC EVALUATION OF GASOIL OPTIONS 

GROSS ENERGY CON. Hi:TION 

GASOIL CONSUHN'-f IOI, (KW.J-HlRth/YR) 1379. 3 

PRICE OF' G SolII, '!,GJ) 5. 88 
DISCOUNIT RATE W 10 
LIFE (YEARS) 10 

YEARLY FUEL COST, (s, YR) 29.2(-) 
CAPITAL COST, Wi 50 
OFERATION AND MAINTENANE, 5% .5 

ANNUAL CAPITAL COW , (W) 8. 14 
TOTAL ANNUAL COST, ($) 39. 83 

COST OF ENERGY, ($ /hW-HRth) 0.029 

ECONOM IC EVALUATION OF ELECTRIC OPTIONS 

GROSS ENERGY CONSHII0Io 

ELECTRIC CONSUMPl1FI LI-I, (KW--HR/YR) 536. 4 

PRICE OF ELECTRIC:11Y, ( 1 /iKU.J-HRe) 0.05 
DISCOUNT RATE (% 10 
LIFE (YEARS) 10 

YEARLY FUEL COST, <$/YR) 26.82 
CAPITAL COST, (s) 7() 
OPERATION AND MAIN-ENANCE, 5% 3.5 
ANNUAL CAPITAL COST, (1) 11.39 
TOTAL ANNUAL COST, (W) 41.71 

COST OF ENERGY, ($/VW-HRe) 0.078 
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EXHIBIT 5.34
 

ECONOMIC EVALUATION OF S.LAR SPACE HEATING
 

PANEL AREA, M2 3
 
SOLAR ENERGY PRODUCD1, (UiJ/YEOR) 1529. 9 
SOLAR ENERGY PRODUrrI, (KW-HR/YEAR' 424.97 

PANEL COST, (/M2) 236. 81
 
DISCOUNT RATE (%) I0
 
LIFE (YEAR5) 
 1U 

CAPITAL COST, ($) 
 710.43 
OPERATION AND MAINTENAN4CE, 2% 
 i4.21
 
ANNUAL CAPITAL COST, (%) 115.62 
TOTAL ANNUAL COST, (K) 129.3 1
 

COST OF ENERGY, (S/VW-HR) 
 0. 305 
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EXHIBIT 5.35
 

ECONCIIC EVALUATIOQN OF AIR CONDITIONERS
 

TOT. COOLING LOAD, (VW-HR/YR) 1 512.59
 
A.C. ELECTRICITY' LOU, ED, (KW-HR/YR) 1 aE24. 77 

PRICE OF ELECTRICIIY, (+/KW-HR) 1 0.05 

DISCOUNT RATE W) i 
PRODUCT LIFE, (YEAFRS 5 

ELECTRICITY COST, ($,'YR) 1 14.24 
CAPITAL COST, (W) 660 
OPERATION & MAINTENANCE, (2) 13.--
ANNUAL CAPITAL COST, ($/YR) 174.11 
TOTAL ANNUAL LOST, ($/YR) 1 201.54 

COST OF ENERGY, COOLING, ($/KW-HR) 1 0.393
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Area 


Cap Cost 


Energy Savings 


(summer months) 


May-Sept
 

Cost of Cooling 


(1) based on $15/ft 2 


2(2) based on $10/ft 


(3) based on $3/ft 2 


E:F I;Lit 5.36 

COMPARISON OF PASSIVE OPTIONS
 

Low e 


glass
 

23.6 m

107.64/m 2 

786.4 MJ/m 2 


2831.1 MJ 

$0.137/MJ 


$0.49/KWH 


Overhang Pond Thin Film 

20 m 2 3.6 m 2 

$50 $161.44 m 2 32.32 m 2 

194 MJ/m 2 6668.4 MJ 2831.1 MJ 

698.4 MJ 

$O.07/MJ $0.48/MJ $0.041/MJ 

$0.26/KWH $1.74/KWH $0.15/KWH 

($161.25/m2 ) 

2
($107.50/n' ) 

($32.25/ '2) 
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windows are marginally uneconomical at $0.49/KWHK cooling. Overhangs are 

economical and so are thin films glazed on south facing windows. 

The results of the passive cooling analysis are tentative and should not 

be construed to he accurate at his ,vel of analysis. Based on tlh uncertainty 

regarding the cooling load and the interaction of solar heat gain and cooling 

requirements, it has been impossible to realistically model even the stereotypical 

dwelling. Due to the state of the art of the passive solar field, it is only 

possible to seriously analyze these options through the use of hourly or daily 

simulations, both of which are ontnido the scope of this preliminary analysis. 

5.11 	 Incineration of Municipal Solid Waste for Electricity Generation 

The Cairo area generates about i2'-O tpd of refuse. Of this amount, only 

1900 tpd is usable as an MSW incineration fuel (see section 5.4). The heat
 

content of typical MSW is 2,100-2,(00 Kcal/kg.
 

5.11.1 	Application Characterization
 

MSW incineration systems are designed to burn raw, unprocessed waste.
 

There are two types of systems in commercial operation today; water wall
 

combustion and modular combustion units.
 

In water wall combustion, as-received refuse is transferred from a
 

receiving pit into a furnace feed hopper by means of an overhead travelling
 

crane (Exhibit 5.37). From the hopper, wastes are continually fed to the
 

furnace and burned on an inclined moving grate system. Non-combustible and
 

unburned material fall off the end of the grate into a materials recovery
 

system. The combustion gases are used to generate steam for the production of
 

electricity. The combustion gases leavlIng the boiler sections are passed through 

air pollution control equipment (generalLy electrostatic precipitators) and 

exhausted to the atmosphere through a stack. Boiler efficiency is typically 63
 

to 68 percent. Water wall combustors are custom designed systems and, hence,
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Refuse-to-Energy System 

electric power 
to utility 

steam piped to 
turbine generator 

ngenerator 

refuse feed 
h o p p e r .. 

" 
. 

enclosed 

receiving area hydraulic -A, 
r vibrating 

feeder 
refuse
rfUepitrecovery
f u e l Pit 

V boiler ash 
to materials 

s s esystem 

; 

induced 

draft fan 

stack 

Exhibit 5.3 7 
SOURCE: Signal Environmental Sv-ten Inc.. 



are only economical when large amount: of MSW are available (greater than 250 

tpd). 17 

Modular incineration is beat suilted for communities generating between 

50 	 and 250 tpd of refuse.13 Instal led systems coasist of prefabricated packaged 

units. They are operated at sub-3 toicionetric oxygen requirements by controlling 

combustion air flow. Typical modular combustors (Exhibit 5.38) employ a two

chamber design. As solid waste Is received, it is charged into a primary 

refractory-lined combustion chambu!r, where the sub-stalchiome t ric combustion 

occurs. The heat released from thu resulting partial combustion Is used for 

endothermic volatilzation of the Aning organic compounds. The combustion 

gases flow into a secondary combu stion chamber where they are mixed with air 

and fuel (natural gag or oil). If there iq no Immedliate need for steam, hot 

gases in the secondary chamber are :x W;ted through a heat dumping stack. 

Attached to the second chamber is the w.aste heat recovery boiler for generating 

steam.
 

A currently operational water wall MSW plant is the Baltimore, Maryland 

RESCO facility. The plant has a capacity of 2250 tpd with an average throughput 

of 1800 tpd. The facility produces stean at a rate of 231,540 kg/hr at 5860 

kPa and 440'C, most of which is used to drive a 60 MW steam turbine generator. 

The plant operates 24 hours per day, 7 days per week. An energy balance for 

this plant is shown in Exhibit 5.39. The plant produces approximately .35 x 1010 

KJ/day of excess steam.
 

At present, there is no use for this excess steam, which could be sold 

or used to run a second turbine. 

17 	A Guide to Municipal Solid Wastes for Small Communities, JRB Assoc., McLean, VA,
 
prepared for U.S. Environmental Protection Agency, March 1982.
 

18 	Ibid.
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TYPICAL 
Exhibit 5.38 

CONTROLLED AIR, MODULAR COMBUSTOR 

NORMAL EXHAUST 

TO STEAM 
TURBINE 

GENERATOR 

HEAT DUMPING STACK 

STEAM 
SEPARATION 

-

RECOVERY SECTION 

POLLUTION CONTROL CHAMBER-

AUTOMATICASH REMOVER 

(OPTIONAL) 

lii 

MI,,INi 
AUOMTILR 

--

lLOADING 

___ ! 

AUTOATI 
FEED (OPTIONAL) 

DEVICE 

SOURCE: The Mitre Corporation, Resource Recovery Research, Developjment and Demonstration Plan, U.S. DOE. October 1979 



ELECTRIC OUTPUT 
1 0.55x0 KJ/DAY GENERATOR 1440 MWhr/DAYEXCESS -[U]B.-E -

STEAM .76X1010 KJ/DAY 600 .5 2 x KJ/DAY) 
.xDA
.35x101 0 KJ/DAY STEAM 

LOSSES 

.0 3 10 0 KJ/DAY 

.21x 1010 KJ/DAYLOSSES
•.60 x 10'° Ki /!DAY] 

1800 trd PIT 1.71 xlo KJ/KG BIE 

WATER
AS 

450 tpd DISCHARGE 

TO ATMOSPHERE 

TOWE _991x KJ/DAY 

Exhibit 5.39 
ENERGY BALANCE FOR BALTIMORE RESCO PLANT 

* ASSUMING 4500 Btu/16 (10,441 KJ/KG) for MSW 



Exhibit 5.40 shows an enLrgy balance for a 50 tpd modular combustion 

system, the smallest system which ts economically practical. 

5.11.2 Economic Analysis
 

The plant, as configured in .1i lbit 5.37, has a capital cost of $254 

0million and took 18 months to cI (tr)ct.Since the average energy content of 

,MSW in Egypt is about 1600 Kcal * W ,( BLtuI/ih) ,20 or 68"' of that used at: the 

RESCO facility, electrical enr-e', mlLtpnt at a similar plant located in Egypt 

would be about 980 MWh/day. Such a pl ant would require about 12 MWh/day for 

operation. Hence, the net outjpa fra:i Lin 1800 tpd MSW plant in Egypt would be 

about 968 MWh/day. Assuming an 0,1. cast of 52 of capital cost and a 20 year 

plant life, the levelized cost of ulk-:tricity is $.12/kWh. This is higher than 

current world oil prices. However, since the RESCO botlers are oversized and 

excess steam is wasted, capital co;ts are higher and electrcity generation is 

lower than obtainable in an optimally designed plant. 

The plant, as configured In -5.3!, has an estimated capital cost of $5.7 

million. The average net output froin such a plant located in Egypt would be 

about 40 MWh/day and the average auxiliary fuel requirements would cost about 

$250/day. Assuming an O&M cost of 5 of capital and a 20 year life, the
 

levelized cost of electricity is $.07/KWh.
 

19 	Signal Environmental Systems, Inc.
 

20 	El Helwagi, et al., Solid Waste Management: A Comprehensive Assessment of
 

Problems, Planning Approach and General National Trends
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LOSSES 
.97x10 8 KJ/DAY 

LOSSES 
.10X10 8 KJ/DAY 

AUXILIARY FUEL 

.37x10 8 KJ/DAY 

AR OBSIN88SECONDARY COMBUSTION 
CHAMBER AND 

STEAM GENERATOR 

3. 20xlOKJ/DAY 
STEAMELECTRICAL 

2 . 3 2x 108 KJ/DAY 
GENERATOR 

(2.5 MTB) 

OUTPUT
61 MWhr DAY 

I 
2 .20x10 KJ/DAY 

'3.80x10 8 KJ/DAY 

COMBUSTION 

GASES 
8 

1 D 

U, 

REFUSE
50ld ' 

PRIMARY 
COMBUSTION

CHAMBER WATER 
r LING 

DISCHARGE TO 
ATMOSPHERE 
_ . . 

.88x10 KJ/DAY 

13 tpd 

LOSSES 

.96x10 8 KJ/DAY 

Exhibit 5.40 
ENERGY BALANCE FOR A TYPICAL 50 tpd MODULAR MSW PLANT 



6.0 	 EVALUATION CRITERIA 

Eight evaluation criteria have been determined to assess the technology/ 

application options identtfled in Chapter 5.0 for their relevance to Egypt. 

These 	criteria include:
 

- Replicability in Egypt;
 

- Renewable Technology Status;
 

- Renewable Resource Avail;abiLity;
 

- Government Priorities;
 

- Renewable System Economic Feasibility;
 

- Current Project Status in Egypt;
 

- Institutional Requirements; and
 

- Social and Environmental Impacts 

A summary description of the elements comprising each of these criteria 

is provided below.
 

6.1 	 Replicability in Egypt
 

Identifies the potential m-rket in Egypt for the option under consideration 

based on technical, economic, energy, social and institutional factors. 

6.2 	 Renewable Technology Status; 

Assesses the commercial status, reliability, performance and ease of 

operation for the specific renewable technology under consideration. Exhibit 6.1
 

provides a summary chart depicting the current level of maturity of the various
 

renewable energy technologies.
 

6.3 	 Renewable Resource Availability 

Matches the technology/application option against the resource availability
 

in the country.
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i 

Exhibit 6-1
RENEWA BLE ENERGY TECHNOLOGIES STAGES OF DEVELOPMENT 

BIOFUT71LS 

ELECTRICITY FROM SEWAGE 
FELECTRICITY FROM MSW 

HYB-PID SYSTEMS 

I ,PASSIVE SOLAR 

PHOTOVOLTAICS 

SOLAR PONDS 
F 

SOLAR THERMAL 

I 

M W IN DG 

IMMA TURE MA TURING MA TURF 



6.4 Government Priorities
 

Compares the selected techn Iulog'/application options to the major priority 

areas 	 identified in the GnE Five Year Plan. For purposes of this assessment, 

plan 	 priorities have been organ.i:zed into two categories -- primary and secondary. 

The primary priorit:y areas ave been selected and ranked on the basis of 

the 	 level of investment they received In the FMve Year Plan. (See Exhibit 6.2.) 

These priority areas Include, from most important to least important: 

(1) 	 increased development of the indust trial sectsor; 

(2) 	 expansion of the electrcity, petroleum, and communication support 

sectors;
 

(3) 	increased housing availability and reconstruction, particularly in
 

new communities;
 

(4) 	increased agricultural growth, with an emphasis on enhancing water 

supply systems, accelerating land reclamation, and increasing agri

cultural produ:ts; and 

(5) improving health conditions in the country. 

Exhibit 6.3 shows the expected production by commodity within each of the 

major sectors.
 

Secondary priority areas are those which have been designated as having 

a major importance in the Plan, but which have not received specific investment 

allocations. Among the secondary priority areas considered are: increasing 

employment opportunities in the industrial and agricultural sectors, improving 

the balance of payment situation in Egypt, and improving the balance between 

urban and rural developmeat in the country. 

6.5 Renewable System Economic Feasibility
 

Determines (1) the life cycle cost (LCC) for the renewable technology
 

under consideration, and (2) the LCC for the competing conventional alternative(s).
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SECTOR 


INDUSTRY 


SUPPORT 


SERVICES 

-ELECTRICITY 


-PETROLEUM 


-COMMUNICATION 


EX I IT 6.2
 

EVALUATION Ok GOVEF\_:MIENT PRIORITIES BASED ON
 
PUBLIC SECTOR INVY-TMENT TARGETS (1981-87)
 

INVESTMENT 
 INVESTMENT
 
RECIPIENT AGENCY 
 (1000's of 1981/82 LE) 
 % TOTAL
 

- FOOD INDUSTRY COMPANIES 7,575,000 
 24%
 
- SPINNING & WEAVING &
 

CLOTHES CO.
 
- WOOD INDUSTRY CO.
 

- PAPER CO.
 
- CHEMICAL TNDUS. SECTOR CO. 
- CERM.I'C, LAN & POTTERYI.. 


CO.
 
- MNIIEPAL INTL T. SECT)R CO. 

ELECTRON CT RONC. TNDUST. 

SECTOR 
- M,'INING SECTOR CO. 

- ELEC. AUTHORITY & 
 5,421,200 
 17
 
DISTRIB. CO.
 

- ELEC. PROJECTS CO.
 
- TRANSFOR,ERS & ELEC PROD. CO. 

- PETROLEUM PROD. CO. 
 3,415,800 
 11 
- REFINERY & PETROL.
 

PROD. CO. 
- DISTRIBUiTON CO. 
- TRANSPORT CO. 

- NATIONAL AUTH. FOR COMM. 2,065,100 
- NATIONAL AUTH. FOR POST 
- TELEPHONE EQUIPMENT CO. 

6 



SECTOR 


HOUSING 


RECONSTRUCTION 

IRRIGATION 


LAND RECLAMATION 


HEALTH 

AGRICULTURE 

EXHIBIT 6.2 (Cont.)
 

EVALUATION OF GOVERNMENT PRIORITIES BASED ON 
PUBLIC SECTOR NV4STwENT TARGETS (1981-87) 

I NVESTMENT INVESTMENT
 
RECIPIENT AGENCY 
 (1000's of 1981/82 LE) 
 % TOTAL
 

- NAT. AUTH, FOR SEWAGE 4,410,700 14
 
- HOUSING & CONSTRUC. CO.
 
- CONSTRUC. CO.
 
- CEMENT CO.
 
- BUILDING MIATERIALS CO.
 

- CONS''RLCT ION QO. 3,294,500 10 
- RAD-'"'D,, CuOTHES CO. 

- IRRIGATION CO. 1,882,300 6 

- RECLAMATION COMPANIES 1,552,500 5 
-- AGRICULTORE COMPANES 

- CHEMIKAL & MEDICINE CO. 1,171,200 4 
- MEDICINE TRADE CO. 

- AGRICULTURAL COMPANIES 885,200 3 
- ANIMAL PRODUCTION COMPANIES 
- FISH PRODUCTION COMPANIES 

31,673,500 
 100%
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C FAF. ISCN OF PRODUCTI;JN IN VVSI.'E2 FI...U, TON IN 1 ==S - S'",TIH EXPECTED 

ZECTCR COMMCD:TY UT S 
CUTFUT J... ," 

AZP .... . RE WHEAT 
BARLEY 
MA ~IZE 
SORGUM 
RICE 
BEANS 
VEGETABLES 
FRUITS .&DATES 
ANIMAL MEAT 

."1'HICwEN MEAT 
EGGS 
FISH 

WOOL 
LENT IL 

.1000 
1000 M " 

T.. 
MT 

101'.( 117_7
1000 MT 
IOOO MT1000 nT 
1CF'J0 MTClr9,1 0MT9, 
1000 MT 
1000 MT 
1000 MT 
1000 MT
1 o MT 

O
1 00 MT 

127 

2, 216 
1,-6 

2, 9-, 
362 
150U7= 

90 
155 

-

. . 

5 
1"T1'C , :7r; 

7. 

1 
.,1
117 

COTTON 
PEANUTS 
SESAMESUNFLOWER 
SOYABEANSL- N-N SEED 
SUGAR CANE 

1010 M. VNTAM:T, 
1000 MT 
I000 MT 
101)(:0 MT 
10)0 MTIf000 MT 
1 MTC0

8 

I "529 
9 

49.:E 

.- 5
7,: 

H 
::2TTCN GINrI4G &
PRESSING 

F2. BEVERAGES & 
. :S~t,ETTES 

ON I ON 
CONC. IP r4P rCECONC. FHCEPHATE 
TABLE SALT
GYPSUM ORE 
PEBBLES 
SAND 
WOOL COTTON 
COTTON SEED 
SiERTO
REFINED SUGAR 
MOLASSES 
WHITE RICE 

O-:E 
1000 MT 
I :" MT'"T
1o0 MT 
I00 MT 
I MT 

$00 CU. 
1000 CU. M.

1cc' M. CANTAR 
10100 MT 

1000 M. C.ArTAR
100.: MT 
1000 MT 
I:0O MT 

1, 
82
99!:;

I' 
' I' 

7 1,
1c,n, 

) 
1,554 

1 . 0 
9 :!4 

. 

1 
-_75 

COTTON SEED OIL 
HYDROGENATED OIL 
FODDER 
MACARONI 
CRIED ONION 
COTTON CAKE 
CIGARETTES
BEER 

.. 100 MT 
1000 MT 
100 MT 
1000 MT 
10 0 MT 
100 MT 

BILLICN",S1000 HECTALITER 

142 
1,4:: 

Is5 
6 

4-54 
34275 

c

3 
S=-%NING.CLOTHES 

LEATHER . 

S .. CS 

WEAVING 

LEATHER 

& COTTON SPINNINGCOTTON TEXTILES 
WOOL SPINNING 
WOOL TEXTILES 
SYNTHETIC TEXTILES 
SILK SPINNING
SILK TEXTILESJUTE SPINNING 
JUTE WEAVING 
READY-MADE CLOTFE-SBLANKETSI")0MTi, 
LEATHEF: SHOES 

TRAW LEATHERTANNED LEATHER 

10000 IT 
1000 MT 
1000 MT 
1000 MT 
1000 MT 
1000 MT 
1000 MT
1000 MT
1000 MT 
1000 MT 

MILL. PAIRS 

10001000 MTMT 

Z7 
16

1?' 
5 
59

22 
1a 
416 
17 

64 

IZ_

4.

1,,: 
'S, 
9 

5 

METAL 

.N-USTR:ES 

INDUSTRIES 

ARTIFICIAL LEATHER
LEATHER PRODUCTSNITRATE FERTILIZERS 
PHOSPHOROUS FERTILIZERS 
SOAP 
SYNTHETIC DETERGENTS 
COt.,E COAL 
MEDICINES 
MATCHES 
ALUMINUM BLOCKS 

I,00 MT 
1000 MT
1000 MT 
1000 MT 
I C00 MT
100 MT 
1000 MT 
1000 MT1000 MT 
1000 MT 

4,10 
500 
-70 
51 

1,0(0
15.66 
100 

77 

5. 
.,,.,O 

1 
1 

2 

CONSTRUCTION 
r-U I DING 

& 
REINFORCING IRON 
CEMENT 
BRICKS 
FLAT GLASS 
TILES 
DOORS & WINDOWS 

1000 MT 
1000 MT 

MILLIONS 
1000 S. M. 
1000 so. M. 
1000 SO. M. 

".0 
4,000 
2, 27 
, 21, 

. 
-,230 2 

._ 

1.1 
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LCC calculations include Initia] capital costs, replacement costs, and operation 

and mafntenance costs. Ful cost,; used in the analys!t are based on world prices, 

rather than the subsidized prices wh ich exist in Egypt. The system cost analysis 

used for this criterion Is based on th,, results of the option financial anaLyse.; 

performed in Chapter 5.0. 

6.6 	 Current Project Status in Egypt
 

Reflects project actlvities In Egypt, either on-going or planned, that
 

involve the technolegy/application option under consideration. This includes
 

projects initiated by public, private and 
non-profit organizations in Egypt, as
 

well as by foreign and mulLilateral donor agencies.
 

6.7 	 Institutional Requirements
 

Addresses the conditions Iin Egypt for 
developing, implementing and managing
 

projects involving the 
specific option under consideration. Factors included in 

this criterion are: (1) availabilIty of skilled labor; (2) availability of local. 

manufacturing capability and materials; 
and (3) availabilIty of local government/
 

private sector institutions for developing and promoting selected options 
on a 

widespread basis. For this criterion, each 
renewable/technology option will be
 

judged against all 
three 	criterion elements, and a composite total score developed.
 

6.8 	 Social and Environmental impacts 

Addresses two areas -- the social and environmental effects of renewable 

technologies in Egypt. 

Socially, this criterion examines the effect of the technology/application
 

option on the population of Egypt. 
 This includes an assessment of the option's
 

impact on standard-of-living in the country, as well as 
how the option affects
 

the lifestyles of local inhabitants. Environmentally, this criterion looks 
at
 

the air, water, noise, and land pollution effects of the target option. For this
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criterion, each renewble technologv option will be judged again t both the social 

and environmental impact, and a composite score developed. 
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7.0 	 TECHNOLOGY/APP LICATiJN O I NF.T. IiN 

The previous chapters vhara ;'rxt:!d renewable energy technologies and
 

applications, selected appr-priat, i,
.hnology/app i Ication combinations, condocted 

financial analyses of the v ,  . t 	 ...-. and evaluated the potentia l role 

for renewable energy In thu Five Ya r I.velopment Plan. The purpose of this 

section is to integrate the informi tion from the prior sections, and use it to 

select 	candidates for renewabl, en,'rx' field tests.
 

7.1 	 Field Test Candidate Selet !on Process Description 

The selection process utilz'es a multi-attribute scoring scheme to assign a 

single numeric value to eaclh techno, gtv,"apl Ication combination being evaluated.
 

This scheme is employed hecause thn options 
have to be evAlua ted uiIng a diverse
 

set of qualitative and quantitarive criteria that cannot be directly measured
 

using 	a common scale (e.g. monetary q i.n. The multi-attribute methodology 

enables the explicit cr,' derati on and evaluation of a variety of ecoiomic and
 

non-economic attributes. 
 It also all o s incorporating the decision-makers pre

ferences with re.ard t o the relatIvv Importance of the attributes and enables 

technology/application combi nnt ,,'; to be compare dr. a cons istent and rational
 

manner. Additionally, this 
technique aids in documenting the decision-making
 

process.
 

Exhibit 1.1 show,-n an oveevi ew of the selection process. It f a'lades an 

identificaticn of the role that earl. i the previous chapters played in providing 

data for the final option select ion. 

7.2 	 Data Collection
 

7.2.1 	 Characterization of Applications
 

Since the number of applicatIons that could utilize renewable energy tech

nologies are numerous, an informal technique was used to select 
a subset of
 

applications for evaluation. The application identification process utilized
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information from the followin, smrc;es: 

o Egyptian Government dt? dai; 

o The 	 Five Year DevPloloent lan; 

o Availahle literature; and 

o Other data. 

The selected applications were characterized in terms of energy requirements, 

output and the extent of its use in Et'ypt. Chapter 3 documented the application
 

characterizations.
 

7.2.2 	 Characterization of Technologies 

Renewable energy technolotIj uiwe-re characterized on the basis of their
 

technical stratus, market 
 readilnts,;, resokirce availability, current status In 

Egypt and woildwide, institutional requirements, social and environmjint:il impacts, 

and research and development thrusts. Characterizations were prepared for wind, 

photovoltaics, high temperature solar thermal, geothermal, hiomass, solar ponds 

municipal solid waste, and active and passive solar. Technology characterization,; 

were documented in Chapter 4.0. 

7.2.3 	 Technology/Application Option- Identification 

Options identification was; based on the ability of the renewable energy 

technology to rcasonahly provide the energy required by the application. Reason

ableness was defined in terms of the ease wjij 1,hch,hJ the rechnology can provide 

the type and quantity of energy dosired as evidenced by similar applications 

worldwide. Technology/applicatlon optins included in the planned eleven field 

1tests were excluded from consideration. Exhibit 5.1 in Section 5 showed the 

technology/application option,; Ident ffed. 

I PV powered irrigatidn is the excepLion to this rule. It has been included at the 
suggestion of Egyptian government officials, so that this technology/application 
option 	can be rated against other technologies used for similar applications. 
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7.2.4 Evaluation Criteria .;Icct in
 

Each of the technology/applicat ion options identified above were scored
 

against the eight evaluattion criterion discussed 
in Chapter 6.0 using the following
 

scales.
 

o Repiicability in Egypt - Options which have P large market potential,
 

and a high likelihood of bei ng replicated in Egypt by either public or private
 

sector organizations, recelvp.. a btter score than those with no significant
 

potential for replication, is dp[tce helow. Replicabilitv was based on avail

able sector data concerning (1) pro jected sectoral growth as determined by the
 

GOE Five Year Development Plan, (2) number of facilities In the sector under
 

considera'ion, and (3) expected end-unit energy consumption In 
the sectors studied.
 

Low Moderate High

Replicability keplicability Replicability
 

0 5 10 

o Renewable Technology Dtattus - Technologies which are generally considered 

mature and commercially proven were given a higher in the evaluation thanscore 


those which are still in the research and development (R&D), or demonstration
 

phase, as shown below.
 

Immature (R&D) Maturing (Demonstration) Mature (Commercial)
 

0 
 5 10
 

o Resource Availability - For this criterion, options for which a good
 

renewable resource base exists in areas 
where potential renewable projects
 

could be considered were given a higher score than options for which there is
 

only a limited or undefined resource base, as identified below.
 

7"-4
 



No undefined Mo(derate 
 Good 
resource base 
 resource base 
 resource base
 

0 10 

o Government Priorities - For this criterion, each option was assigned to 

one GOE primary priority sector cateiory as thespecified in Fivc Year Development
 

Plan (e.g. industry, electrcirtv, ptrolCm, communications, housing, Irrigation, 

land reclamation, health and agriculture), as well as any secondary plan priorities 

It affected (e.g. emp omyenL, enf oal payments and Improvement In urban/rural
 

balance). 
 A composite score ,.a then determined based on the option's
 

expected contribution to government priorities 
 in these sectors, with major
 

contributors to primary priority objectives achieving the best scores. 
 The scal

ing i3 shown below. 

Low Contribution Moderate Contribution High Contribution 
to major GOE Priorities 
 to major GOE Priorities to major GOE Priorities 

0 10 

o Renewable System Economic Feasibility - For this criterion, options 

which are cheaper today than conventional alternatives received a higher score 

than those which can not: compete wi th conventional systems, even in the long 

term. This is shown below. 

Cheaper than 
Never competitive Competitive wlth con- conventional
 
with conventional ventional in future 
 now/near-term 

0 
 5 
 10
 

o Current Project Status in Egypt - For this criterion, technology/
 

application options which have received less project emphasis in Egypt yielded a
 

higher score than options which have substantial project activity, as shown
 

below.
 

7-5
 



Significant 5!od erate Limi ted
project activity lroject activity project acLtivity
In Egypt in Eypt in Egypt 

0 
10
 

This scoring reflects the Intent of ttwn flOE to 	 identify and evaluate new 

and promising renewable options for .'ypt, whil avoiding duplication with existing 

projects in the country. 

o Institutional Requirement!; - Options for which the local 	 infrastructure 

currently exists (e.g. skt led per.onnel, manufacturing capability and local 

in, tltutionsl;) received a hIhr scor than those for which the infrastructure
 

MuS t be developed, as shown below.
 

Limi ted existing Mod.rate existing 
 Well developed
i nf rastruC ture Inf rast ru Lur:e 	 infrast ruc ture 

0 510 

o Social and Environmental Impacts - For this criterion, options with high
 

social and environmental acceptame, 
were assigned a better score than those with
 

low acceptance in these areas, as seenl below.
 

Low social or 
 High social or High social and
environmental acceptance environmental acceptance environmental acceptance 

0 5 10
 

7.3 	 Data Analysis
 

Data analysis was conducted in 
two phases. Phase I involved conducting a
 

comprehensive evaluation of the 55 technology/application options discussed In 

the previous sections. A listing of the 55 options is provided in Exhibit 7.2. 

The result of Phase I is the ideat if,'iation of 12 options (top 20') which should 

be considered for further analysi , a:; potential field Lst: candidates. 

Phase II involved conducting a second-level analysis of the 12 candidate 
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7 2' EXHMIBIT 7,2 

SELECTED RENEWABLE TECHNOLOGYAPPLICATIO; OPTIONS 


SECTOR 


Agriculture 


Agriculture 


Agrictilt ure 


Agriculture 


Agriculture 


Agriculture 


Agriculture 


Industry 


Population Support 


CONSIDERED FOR EGYPT
 

APPLICATION 


Broiler Production 


Cttle Feedlor 

Dairy Farm 


Egg Production 


Irrigation 


Land Drainage 


Livestock Watering 


Cathodic Protection
 
Food Canning 

Hydrogenated Oil 

Halt Beverages 

Pharmaceuticals 


Soap & Detergents 


Commercial/Instit. Bldg. 

Electricity for Cities 


*Electricity for Cities 

Electricity for Cities 

Remote Communications 

Residential Bldgs. 


TECHNOLOGY
 

Biogas Electric
 
PV .......
 
PV-Diesel Hybrid
 

PV-Wind-Diesel Hybrid
 
Wind 
Wind-Diesel Hybrid

Wind-PV Hybrid
 

Blogas Electric
 

PV
 
PV-Diesel Hybrid
 
PV-Wind-Diesel Hybrid
 
Wind
 
Wind-Diesel Hybrid
 
Wind-PV Hybrid
 

Blogas Electric
 

PV
 
PV-Diesel Hybrid
 
PV-Wind-Dieael Hybrid
 
Wind
 
Wind-Diesel Hybrid
 
Wind-PV Hybrid
 

Biogas Electric
 

PV 
PV-Diesel Hybrid
 
PV-Wind-Diesel Hybrid
 
Wind
 
Wind-Diesel Hybrid
 
Wind-PV Hybrid
 

Blogas Mechanical Pumping 
PV w/Battery PumpingPV w/o Battery Pumping
 

Wind Electric Pumping
 
Wind Mechanical Pumping
 

Biogao Mechanical Pumping
 
PV w/Battery Pumping
 
PV w/o Battery Pumping
 
Wind Electric Pumping
 
Wind Mechanical Pumping
 

Biogas Mechanical Pumping
 

PV w/Battery Pumping
 
PV w/o Battery Pumping
 
Wind Electric Pumping
 
wind Mechanical Pumping
 

Solar Thermal
 
Solar Thermal
 
Solar Thermal
 
Solar Thermal
 
Solar Thermal
 

Active/Passive Solar
 
Biogas Elec. from MSW
 
Biogas Elec. from Sewage
 
MSW Incineration/Electri
 
PV
 

Active/Passive Solar
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options resulting from Phase 1. Th. rea;ult of this analysis is the reloct inn of 
five options which are recommended to 
IJSAID and EEA as promising field test
 

candidates.
 

7.3.1 Phase I Analysis
 

7.3.1.1 Characterizatiojn of 
Options and Scoring
 

The technology /appllra i n 
 1os were evaluated according to the eight
 
evaluation criteria and 
 or n 
 proces; described in Section 7.2.4. 
 The scoring
 

was subjective; It represents; tim Le'MILArs' judgements as to how each technology/ 

application opuion rates 
agalui,, eachi of the evaluation criteria. 
 For this
 

study, the evaluators incluided re'pr 
sentatives from the 
project sponsor, i.e. the
 

Egyptian Electricity Authority (EEA), 
and project subcontractors, 
i.e. Meridian
 

Corporation and E3I. 
 The terhnol 0v/application options were 
scored using all
 

eight evaluation criteria. 

7.3.1.2 Development- f -Composite Score
 

A weighted summation technique 
was used to generate a single composite
 

evaluation score 
for each technoln,/application option. 
 The equations used to
 

compute the composite score aro an 
:] 1ows.
 

Composite Score for a technolcgy/application option 
= 

"
W1 S1 + ,7 +. + W8 $8 

Where: Si = Score on a scale of 0 to 10 for the uvaluation criteria "i". 

=Wi Weight assigned to the evaluation cciteria "i". 

and W1 + W2 + ... +W8 = 100 

This score represents a sinqle measure of worth of the technology/applicationl
 

option that reflects the relative importance of 
the evaluation criteria as 
well
 

as the rating of 
the option against each evaluation criteria.
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7.3.1.3 Calculation of vdlu ion Criteria Wel nts;
 

A procedure 
 known as -Te it F , ee Celne ral Allocation Test was used to 

determine the sett of weights to ed the re. 


asks the decision-makers to cistrihut e ponlts; 


hw , in compS I e seC This technique 

among t he various evaluation 

factors under consic 
 ration. In t case, represent . ves from EEA, Meridian
 

Corporation and E31 
assigned weftrhis to tallig 1O0 points to each of the eight
 

evaluation criteria discussed abov. 
 In assigning a value, strict attention was 

given to determining the relative lmnortance of the factors being assessed. The 

relative weighting for each factor, as shown in descending order of priority, is 

provided in Exhibit 7.3 

7.3.1.4 Phase I Analysis Results
 

The evaluation results whin 
"'rnmpire the individual technology/application 

options to the evaluation criteria are presented in Exhibit 7.4. As shown in
 

Column 9, each option has been ass;igned a weighted composite score which provides 

a single value for use in compari tile individual options. In reviewing the 

scores, those options with the highe.ct values in Column 9 are considered the 

better candidates, on a celatlve scale, for possible implementation by the GOE 

on the basis of all the criteria evaluated. 

Column 10 uses the weighLed composite scores generated in Column 9, 

to rank order the results. As evidnced, the leading applications, in descending 

order, include the following: 

Application 
 Technology
 

Electricity for Cities 
 Biogas ElectrilIty from Sewage

Ph a rma ceu tic a Is Solar Thori
 
Residential Buildings Active.l'Ps've Solar 
Hydrogenated Oil Solar Thermal 
Commercial/Institutlonal Buildings Active/PV.s; ive Solar 
Electricity foir Cities MSW Incinerat on/Electric 
Remote Communications Photovoltaics; 
Soap & Detergents 
 Solar ThermalI
 
Irrigation Wind Eilectricc 
Irrigation 
 Wind Mechanical 
Irrigation Biogas M chanical Pumping 
Irrigation PV without Battery 
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EXHIBIT 7.3 

WEIGHT SELECTION USING THE METFESSEL, GENERAL 
AII.O.9ATTON TEST 

,f, T i ,'. ASSIGNED 
RANK CR I TV.IVA WE I GHT 

1 ReplIcability in Egypt 25 

2 Technology Status 18 

3 Resource Availability 15 

4Government. Priorities 12 

5 Economic. Feasibility I0 

6 Current Status in Egypt I0 

7 Institutional Requirements 5 

8 Social/Enviroumental Impacts 5 

100 
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Applications receiving the lowest scores in the evaluation were land
 

drainage, egg production and cattle fedlots. Exhibits 7.5 
 to 7.12 present the
 

decaIld assessment 
 of the IndivLidal option evaluations for each of the eight 

criteria. 

7.3.2 Phase II Analysis
 

7.3.2.1 Evaluation Procedure
 

In the preceding analysip, a broad-based evaluation of the potential 

technology/application options was performed. This analysis resulted in a relative 

ranking of the 55 options studied. 

In 
the Phase II analysis, a second-tiered evaluation was performed of the 

12 highest ranked options (top 20A) identified above. The purpose of this eval-

uation was to select from these 12, those options which are the best candidates 

for fipld testing.
 

To conduct the 
Phasc IT analysis, five evaluation criteria were employed.
 

These are discussed below.
 

1. Scale of Potential Field Test and Required Budget 
- Projects which are
small to mn dvrate in .a l, and within the field test budget range of

EEA and USAI1), are given a better rating than those that are large-scale 
and expns ive. 

2. Current Project Statup in Fqvpt - Options that have received less
project enphasis in }vrvpt-i lded a better rating than those which have 
substartlal projcot ct [vity. 

3. Commercial Status in __ypt - Technologies which are in the demonstration 
phase received ahbtAT ratIng than those which are commercially operating
in Egypt today. 

4. Relicability in Egypt - Opt Ions which have a large market potenti al and a high likelihood of h.ing replicated in Egypt by either public or
private sector organizations received a better rating than those with 
no significant potential for replication. Replicability is based on
available sector data concrnIng: (1) projected sectoral growth asdetermined by the GOE Five Year Development Plan, (2) number of facilities 
in the sector under consideration, and (3) expected end-unit energy
consumption in the sect ors studied. 
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5. Resource Availabiltv !i)r;.iind M .tch- Opt ion; whichfor a go'j renew
able resource base .i, -, In iris whier, potent ial renewable projects 
could he conside reA .r-lf ',. a bett.er ,rit nr thl opt Ionn; for which 
there is alnv a limit el or tudefii.ned resolure base. 

A qualitat ive as e; ;sm, t i thie 12 opLIon:; wa:; prornmed, using each of 

the above criterIA. FvAluaie o-; f! !ll,,rei)rvsent;tit vo>, fIron Lthe Egyptian 

Electricity Authority, Meridi-an Co rporation and E31. In reviewing the evaluation 

criteria it should he noted that flc-Iterla 2, 4, and 5 are the same as those used 

in 	 the first stage analysis to arrive at the 12 recommended options. Criteria 

and Criteria 3* were added at the ruques t of EEA. 

The analysis resulted in three categories of field test candidates: 

o 	 Priority Field Test Candidates - identifies tLhose options which 
rated l ihe;-- --t when as7a, ; Aga; inst the five ,valuation criteria. 
These opt ions should b nm i.odred bv MKAID. and ElA as the best candidates 
for field 
t 	 t Inr un .- t, l.new ihl .' nor,,v Field Ts!l E Pro c.t 

o Secon dlary Field 'l'e.stV Cani dalin e -- Identifles t ;hoseoptions which did 
not rate as highly as the p-,ritv field Lust ,andilate, but could he 
considoi-od an hark--up opt ion; for fiold testing theunder Renewable 
Eneregy F!ie I d Pee; tI o Pi; o 

o 	 High Priority Candi dates for Field Testing Under Other COE Projects -
Identifies; opt i. ou:; whIc h .l hig lly in tlh e IPas e I analysis, but were 
excluded for f ield Lost in; under the Renewable Energy Field Testing
Project because of thir low atln g for one or more of the Phase II 
evaluation criteria. AtLhough they excludedhave boen here, these 
options are recommended highly t:o COiE deci 5iosn-makers as potential
candidates for activities hong sponsored Lthrough other domestic, 
bilateral and/or muirii:teral projects. 

* Criteria 3 above, Commercial Staiun In Egypt, is similar in scope to the Renew
able Technology Status Criteria used in 
the Phase I analysis. However, the 
scoring has been reversed. This was necessary because in the Phase I analysis 
a broad range of technologies were valuated, ranging from those in the early
R&D stage to those which are commel rciall y<sold and operated. The 12 field test 
candidates in this phase of the Ninlys s are all relatively mature, and thus; 
need to be evaluated at a differcMt level. The evaluators chose to eliminate 
those options which are being ,o'm;rrcifa<lly sold in tLhe Egyptian marketplace and 
focus on those that are stil i n ti, d,tmnstration phase. This w.ll proviJe
local Egyptian personel wit:h brn der exposure to new renewable systems. 
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7.3.2.2 Recommended Fieldi Ts Candi date ;
 

The Phase 1I analys, 
 r",al t eJ In an identification of five renewable
 

technology/al plication opt ions h8n:t hoil,1 be considered by USAID and EEA for
 

field testing under the 
 Rpnewahl :.eiy Field Testiug Project. These include:
 

o Active/Passive Solar for Residential Buildings
 

o Solar Thermal for the i'ha rmareutical Industry
 

o 
 Solar Thermal for Hlydrogenated Oil Indus try
 

o Biogas Electric from SEv':,e to Provide Electricity for Cities
 

o Wind Mechanical Power for Smill-Scale Irrigation. 

Exhibit 7.13 summarizes th, analysis results for each of the 12 options
 

studied.
 

7.4 N.NtStpps
 

The following activities are planned:
 

Task 2.2.2 Renewable Technol ogy'/Aplication Evaluation 

(a) Conduct a briefing to 
senior EEA officials 
(e.g. Drs. Sharkawi and
 

Tablawi) to obtain their concur;rence in the evaluation process and
 

approval of the five candidace field test opt 
ons. The briefing will 

be held in mid-September 1985, and will incl..de representatives 
from
 

EEA, Meridian QorpuraLfOn and 131.
 

(b) Collect detailed economic, market and technical data for each of 
the
 

five 
selectud options; develop preliminary system conceputal designs;
 

and identify potential field 
test sites. Based 
on the detailed data 

collection and site analyses, 
the five options will he reduced to
 

four target options which will be 
recommended 
for field testing under
 

the Renewable Energty Field Test Project. 
 This selection of 
the four
 

options will be completed by 
the end of November, 1985.
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Task 2.2.3 Technologv Appi lcat J ru'Po, -.[ P la;s (TAPV ): 

(a) Develop Iud vidlual TAio-', : each of the four caolndidate field test,;
 

which piovi do th. rwe;cry guidance for ield test implement:t:ion. 

These plans will Inc-l.: (1) justif cation for undertaking tlhe
 

candidate fieId test; (2) detailed ecoaomi c and ma rket assessmnnt of 

the selected option; (3) recommended site location 
for the fieid 

test; (4) conceptual desig n for the project; (5) draft Request for
 

Proposals (RFP) for ,yst 
 hardware; 
(6) schedule and hldet proposals; 

and (7) a listing of contacts 
from participating organizations. The
 

four draft TAPPs 
are expected to be completed at monthly intervals
 

beginning in March, 
1986.
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EXHIBIT 7.13
 

FIELD TEST OPTION ANALYSIS RESULTS
 

A. 
 Priority Field Test Candidates
 

Technology 
 Application 
 Analysis Results
 

Active/Passive 
 Res1dential 
 o 
 Small-scale system requirements which satisfy budget

Solar 
 Bui Idings constraints
 

o 	 Technically/Operationally Proven 

o 	 Cost-Competitive 

o 	 Avail1 ,aa resouLrce In urban areaos 
o 	 Subs t :tiai *-'- i!-'r]i1 " n ,,r 1 -an, remote -nd new 

comu ., _.n'wur'ban units planned v 2(]-O 

o 	 Limited on-going projects 
in 	Egypt
 

Solar Thermal 
 Pharmaceuticals 
 o 
 Satisfies project budget constraints
 

industry
 

o Technically proven
 

Hydrogenated Oil 
 o 
 Large potential for replicability in low temperature

Industry 
 steam industrial applications 

o 	 Available solar resource in industrial areas 

o 
 Limited project experience in Egypt
 



EXHIBIT 7.13 (Cont'd) 

FIELD TEST OPTION ANALYSIS RESULTS
 

A. Priority Field Test Candidates (Cont'd)
 

Technology Application Analysis Results
 

Biogas Electric Electricity o Technically proven
 
From Sewage 	 for Cities
 

o 	 Satisfies project budget constraints
 

o 	Large 'rket for ofFsetning iewage plant electricity 
requlrements and q;ppl ing ,rid power 

o No oroject aparienva in Egypt 

0 son! su<".zpvt cv '?w f; n 5"v''te2m ! p :.'ce t" supnl~y 

rest lrce bas; e 

IWind Mechanical 	 Small-Scale Irrigation o Sinsll-systems hich satisfy budget con- traints 
Irrigation 

0 	 Simple, provon technology 

o 	 No corrent project e.nperience; had systems in place 
in 	l: te K., s
 

o 	 Availahle wind resource In coast:-: and ou'tlying areas 

a 	 Large marke-t potential in gi.-ItrIand remote 

areas 
ad o nno projq texp peiene;hod se qs iptlace 

Photovoltaics Remote o Comm'ercially avnil.:hle" technology that is sold world-
Communications wide;, thus, no noeel to conduot demonstra-tion project 

o 	 Substantial on-going projects in military, other 

go',emiz-n:t ,a-rl Pr'v71 ,0 sect..qr- ; field! Len". will an.'' 



.)HI 1T 7.13 (Cont 'd) 

FIELD TEST OPTION ANALYSIS RESULTS 

B. Secondary Field Test 
Candidates
 

Technology 
 Application 

Analysis Results
 

Photovoltaics 
 Irrigation 
 o 	 Substantial on-going projccts 
in 	Egypt; field test
 

will not add to knowledge base or experience of
 
Egyptians
 

Solar T'hermal 
 Soap and 
 o 	 Replicability potential not 
as 	high as in otner solar
 
Detergent Industry 
 thermal sectors studied
 

Wind Electric Small-Scale o 	Technol"; F ',,re complex than wind mehanical 'ys'irrigation for -r "" -n nIt as elI; 

Biogas Mechanical Small--cole T.-aI- -e,.. . . '- -. 
Irrig"tiion for T<1±O. an, t ce'
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A. I Wind 

A.1.1 Introduction
 

Wind is created primarily by the sun's unequal heating of the 
earth's
 
surface and by the rotation of the planet. 
Wind energy conversion systems are
 
a means of converting the wind to a 
useful form of energy such as mechanical
 
power or electricity. The relationship between power output 
from a wind energy

conversion system and wind speed is shown in Exhibit A.l. Wind systems use an 
inexhaustible resource, range in 
size from a few watts to several megawatts,

andcan be constructed and installed in a matter of 
months. Thus, wind technology

is highly modular and can 
help increase planning flexibility and decrease the
 
financial risks associated with large conventional generating units. In addition,

wind turbines can be designed to 
operate safely and reliably and to be compatible
 
with many environments and land uses.
 

A.1.2 Technology Description
 

A variety of wind 
turbine systems appropriate for installation in rural
 
areas or desert communities in Egypt is 
currently available either commercially
 
or in the form of working prototypes 
that would be readily manufactured as
 
the market develops.
 

The wind turbines 
are generally classified into horizontal-axis and
 
vertical-axis types. 
 Exhibits A.2 and A.3 show different types of vertical and

horizontal-axis machines. There is evidence that-the ancient Egptians used
 
horizontal-axis wind turbines 
as early as 3600 B.C. to pump water for field
 
irrigation and grain grinding. 
 The horizontal-axis machine's axis of rotation
 
is parallel to the wind stream and 
the ground. They may serve both high and
 
low torque loads. On the other hand, vertical-axis wind turbines may be powered

by wind coming from any direction by being positioned perpendicular to the wind
 
stream and the ground. 
 Both types contain five common basic subsystems:. (1) a
 
blade 
or rotor which is the energy conversion device; (2) a drive train, usually

including a gearbox and generator; (3) a tower that supports the 
rotor; (4)

various 
turbines supporting systems including controls, electrical cables,
 
etc.; and (5) "balance-of-station" subsystems, which depending 
on the application,

might include ground support equipment, interconnection equipment, etc.
 

Many variations in configuration are 
possible for both vertical- and
 
horizontal-axis concepts. 
 There are several vertical-axis machines that 
are
 
similar in design and 
size, ranging from 100 to 300 kilowatts (kW). In contrast,
 
there are over 50 horizontal-axis machines which vary widely in size, from
 
several watts to 4 megawatts (MW), and design configuration.
 

The majority of commercially-available mechanical systems 
are used for
 
pumping water. Other mechanical systems for grinding grain and providing shaft
 
power are currently.in that development stage. 
The classic windmill is a well
 
proven design available from manufacturers all over 
the world. Typical wheel
 
size range from 2 to 3.5 m with about 18-20 fans per wheel. The wheel is 
coupled via a crank to a single-acting borehole pump. Most commercially avail
able machines have very similar performance chatccteristics. With a cut in
 
speed of 
around 3m/s, water output rises linear'ly with windspeed to around 8
 
m/s, the rated speed. 
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A.I.2.1 Electric Generators and Power Conditioning Units
 

The most--ppropriate type- of wind driven electric generators to be-used
 
for off-grid ope \iation in remote desert 
or rural areas is the synchronous
 
generator eithert.h permanent magnets or with controllable direct current
 
field excitation. The direct current generators are excluded due to the frequent

maintenance services they need over short periods of time, and also due to the
 
unreliable commutator operation. 
Both reasons make the DC generators inferior
 
to the synchronous generators for utilization in remote areas with limited
 
availability of technically trained personnel.
 

If there is no mechanical or electrical constraints, the speed of the
 
electrical generator will follow the varying speed of the wind. 
 The resulting
 
Putput voltage of the wind driven synchronous generator will be of variable
 
magnitude and frequency. 
Most electrical appliances must operate at constant
 
supply voltages. Therefore, the synchronous generator is controlled via the
 
controllable rectifier and a DC/DC converter to maintain the output voltage con
stant.
 

The output of the generato-co may be utilized directly to feed loads when
 
required, and at the same time, 
excess energy may be stored in a battery or any

other storage system. When constant frequency AC output is needed,': thcl DC'!
 
power from the rectifier is converted to AC power using forced-commutation
 
thyristor inverters for off-grid applications.
 

The generators and power conditioning units must be select:ed to withstand
 
the severe operating conditions in the desert and rural areas (high ambient
 
temperature, high humidity, sand blasts,,[dust accumulation, etc.).
 

A.I.2.2 Grid-Connected Utility ystems
 

There are several features which make wind energy systems attractive for use
 
in providing grid-connected power. Systems do not have to be located in the im
mediate vicinity of usage, but can be placed at the most favorable wind sites.
 
Because of the distribution of energy throughout the grid, surplus generation
 
can be provided to other regions, thereby increasing the capacity factor of the
 
system. Conversely, at periods of low wind, power can be supplied from other
 
sources.
 

While substantial amounts of electricity may be supplied by grid-connected
 
wind energy systems, there is a practical limit for integration. This limit is
 
based on the mix of base 'load, intermediate, and peak load units available to 
a
 
particular system, and the profile of demand requirement over agiven 24 hour
 
period. This value ranges between 25 and 
50 perce'et depending upon the system.

A.I.2.3 Storage Systems
 

The utilization of the intermittent wind energy resource for antonomous
 
applications becomes practical only if 
some means of energy storage are possible.
 

The conventional lead-acid battery is the most appropriate electrical
 
energy storage device available especially for 'low demand communities. Other
 
types of conventional batteries such 
as Nickel-Zinc, Metal-Gas and Zinc-Chlorine
 
batteries are the other options for energy storage.
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Wind energy conversion systems operating independently may require up to
 
several days of energy storage capacity depending on the wind regime where
 
these units are installed. One of the very successful solutions for the problem
 
of.long term ene'rgy storage is the use of hybrid renewable_ (wind-solar-biogas ,.

energy systrems.engines)conventional 

Wind energy could be utilized very efficiently and economically when 
supplying certain types of loads e.g., 
water pumping, household electricity,
 
etc. Hybrid systems of different renewable resources (solar, wind, biogas)
 
could be used to supply the total energy requirement of a small community in a
 
desert or in an arid region efficiently and economically with much smaller energy
 
storage facilities. The potential proportion of energy that could be supplied
 
by each of the three resources depends on the wind regime, solar insolation
 
intensity, the amount and characteristics of waste (human, animal and agricultural),
 
relative costs of each, cost of storage available or desired, and the degree of
 
reliability required.
 

A.1.3 Resource Availability
 

At least two regions in Egypt have sufficient average daily and annual
 
wind spfeds considered high enough for the development of wind power generators.
 
(see Edhibit A.4). Available data demonstrates that the Mediterranean Sea coast
 
has an average annual wind speed of about 20 km/hr, and the Red Sea coast
 
approximately 22 km/hr. Useable electric energy output in these areas 
is
 
estimated to be 650 kWh per square meter of windmill swept 
area.
 

'For the Mediterranean coast, as one proceeds from Marsa Matruh towards
 
Alexandria, there is a slight improvement in the wind resource. On the North
 
Coast the wind is suitable for small machines for irrigation, and/or providing
 
comparatively small amounts of electricity to charge batteries. However, the
 
prospects for placement of large machines for providing continuous power to the 
grid requires further study.
 

Concerning the Red Sea Coast, the prospects for obtaining significant
 
amounts of commercial power from wind energy for the electric grid 
are more
 
positive. The wind velocities are higher than on the Mediterranean, and
 
proceeding north from Safaga towards Ras Gharib, velocities steadily pick up.
 
Wind velocity decreases somewhat as the Port of Suez is reached, but remain
 
high at least from Hurghada to Ras Gharib. In these coastal locations, the
 
possibility of significant power being generated from the wind is high.
 

Despite the fact that this area is the best oil and gas producing region

in Egypt, it is also the region with the best wind energy potential. It is the
 
only region identified to date, in which banks of large wind generation systems
 
might effectively feed the grid, though this would involve building a line from
 
the Red Sea Coast to the Nile Valley.
 

Currently, Battelle Pacific Northwest Laboratories, urider. contract to
 
AID/Cairo, is conducting a wind resource assessment in Egypt to update informa
tion collected in previous studies. Six sites have been selected for study, El
 
Kasr, Um El-Rakham Village and Ras El Hekmaan on the Mediterranean Coast, and
 
Hurghada , Ras Abu Ghusan and Zafarana on the Red Sea Coast.
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A.I.4 Market Readiness
 

Progress in the development of wind energy technology has been substantial.,
 
Although it is difficult to generalize about the diverse products that were
 

-available, it is estimated that the average 30-year levelized equivalent cost. 
of electricity from wind machines was more than $1.50/kWh 
in the late 1970s (in
 
constant 
1984 dollars). The average 30-year levelized electricity cost from
 
today's state-of-the-art wind machines is estimated 
to be 10 to l51/kWh.
 

Stated diffi=erently, 
improvements in the cost, performance, and lifetime of wind
 
machines hare already reduced the cost of wind-generated electricity more than
 
tenfold.
 

Improvements in the technology have resulted in a market for grid-connected
wind turbines that is many times larger than that of the small, stand-alone
 
systems that dominated 
 sales prior to 1973. Most of the wind machines installed 
in the last three years have been in wind farms in the United States, where 
many machines are installed at a single site to generaLe power for sale to 
electric utilities. A 1984 survey estimated that in the United States more
 
than 8,000 units had been sold by the end of 
1983, for a total capacity of more
 
than 300 MW.
 

If wind turbines are to be competitive worldwide the cost of wind-generated

electricity will have to be reduced by a factor of 2 to 4, from 10 - 15 to 
4J/kWh (in constant 1.984 dollars). Achieving this goal will require simultaneous
 
improvements in the cost, performance, and lifetime of both horizontal- and
 
vertical-axis machines.
 

A..5 Economic Viability
 

Exhibits A.5 and A.6 provide the systems characteristics for two mechanical
 
and eight non-grid-connected electrical machines. Exhibits A.7 and A.8 provide

similar information for 10 grid-connected machines. Output figures given in
 
these tables are presented for each of four specific annual mean wind speeds at
 
a reference height of ten meters.
 

The size range of wind energy systems for rural and desert communities in
 

Egypt may be estimated from the following data:
 

- Size of the community including population and area of arable land. 

Estimates for the energy needs that could be provided by wind energy
 
systems (basic needs, long term demand, irrigation, desalination if
 
fresh water is not available).
 

- The load factor or the annual energy generated by a wind energy system 
per installed kW. These figures are estimated from the wind velocity
duration data assuming an 8 m/s rated wind speed for the wind turbines 
and that the output power of the turbine at speeds higher than the 
rated value is constant and equal to that at the rated speed. 

The values of the load factor and the kWh/installed kW are listed in Exhibit
 
A.9 for different locations in Egypt. 
 This table also gives the projected 
necessary installed power to meet the basic energy needs for 100 persons in a 
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EXII i. IIT A. ) 

CATALOG OF REPRESENTATIVE WIND MACHINES
 
MECHANICAL ANI 1N( .-CRID CONNECTED ELECTRIC
 

Rated 
Powerl 
-(kW) 

Rated 
Wind Speed 

(k/h) 

Huh 
leiglt 
(-m)-

Mean 
Power Output: 

(k) 

Installed System 
Cost (1981S)2 

1980-R5 1986-90 

.14 (1. 8 m dia. 

methanical ) 
24 9 .08 $ 1,800 8 1,800 

.75 (4 . 3m dia. 

,mechanical) 

24 9 .45 6,600 6,600 

.1 (DC) 40 10 .03 1,500 900 

1.0 (DC) 40 10 .29 8,800 5,300 

2.0 (AC) 40 10 .85 14,400 8,600 

5.0 (AC) 40 15 1.63 24,200 14,500 

10.0 (AC) 40 15 3.25 35,700 21,400 

15.0 (AC) 40 15 4.88 38,000 22,800 

25.0 (AC) 40 20 8.00 48,800 29,300 

40.0 (AC) 23 20 14.00 74,100 44,500 

iMean power output calculated for an average annual wind speed at 22 km/h at:
referenced height of 10 m. 

21nstalled costs include all equipment and installation 
costs with shipping costs

f.o.b, factory. 
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EXHIBIT A.6
 

ANNUAL ENERGY OUTPUT FOR HECHANICAL AND NON-GRID CONNECTED 
 ELECTRIC tMACHINES (kWh/yr.)l 

Annual Mean
 
Wind Speed 
 Rated Power (kW)
 
at 10 meters 1.8m 4.3m
 

(m/s) Diameter Diameter 0.1 1.0 2.0 
 5.03 10.03 15.03 25.03 40.02
 

4.4 414 2160 
 86 855 1,710 5,292 iO,584 15,876 27,657 1,4,244
 

5.1 522.9 
 2763 136 1,355 2,709 7,992 15,993 23,940 41,022 65,628
 

5.6 539.1 3132 176 1,755 3,510 9,959 
 19,917 29,880 52,902 
 84,636
 

6.0 637.2 3366 207 
 2,070 4,140 11,992.5 23,985 35,982 60,489 
 96,786
 

Machine
 

Specification
 

Vcut in m/sec 2.2 2.2 3.6 3.6 3.6 3.6 3.6 3.6 4.5 4.5 

Vrated rn/sec 6.7 6.7 11.2 11.2 11.2 11.2 11.2 11.2 11.2 11.2 

Vcut out M/sec 15.7 15.7 17.9 17.9 17.9 17.9 17.9 17.9 17.9 17.9 

hub height in 9.1 9.1 10 10 10 10 10 10 20 20 

1A .9 availability factor has been applied to annual output values. 

2 Value expressed in thousands of gallons per year. 

3 0utput values calculated at hub height by adjusting the 10 meter annual wind speed to specification hub height using a 
1/7th power law. 
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CATALOG Di REiK(LWNTA:'F VE WIND MAClINES
 
CRID)CO ECTED ELECTRI C
 

Rated Rated Hllu) 
 Mean Installed System
1
Power Wind Speed Height Power Output 
 Cost (1981$)2

(kW) (kmh) (m) 
 (kW) 1980-85 1986-90
 

63 7.3
1.8 .8 $ 9,3n0 $ 5,600
 

4.0 
 63 7.3 1.9 
 13,000 7,800
 

10.0 
 64 7.3 4.5 
 21,300 12,800
 

25.0 67.6 5.5 
 8.0 24,400 14,600
 

65.0 67.6 63 
 25.1 133,000 79,800
 

95.0 
 77 2.73 23.7 
 125,000 50,000
 

200.0 
 77 7.3 
 69.1 432,000 259,200
 

511.0 
 90 2.73 66.9 
 500,000 235,000
 

2,500.0 72 
 18.6 944.0 6,000,000 3,500,000
 

4,000.0 
 35 24.4 860.0 7,500,000 5,000,000 

'Mean power Output calculated for an average annual wind speed of 22 km/hr mph at
 
reference height of lOm. 

2nstalled costs include all equipment and installation costs with shipping f.o.h.
 
factory.
 

3 Reference height for vertical-axis machines.
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EXHIBIT A. 

ANNUAL ENERGY OUTPUT FOR GRID CONNECTED ELECTRIC MACHI.NES (MW/YR) 1 

Annual Mean 
Wind Speed 

at 10 meters 
(m/s) 

4.4 

5.1 

5.6 

6.0 

1.8 

3.2 

4.6 

5.3 

5.9 

4.0 

6.6 

9.2 

10.7 

12.1 

10.0 

17.7 

24.2 

27.7 

31.0 

25.0 

17.3 

30.7 

38.2 

45.4 

Rated 

65.0 

91.8 

135 

161.6 

184.3 

Power (kW) 

95.0 

67.8 

110 

135 

197.3 

200.0 

212.4 

331 .2 

403.2 

468 

511.0 

140.4 

272.7 

356.4 

-32 

2.5MW 

3188 

4905 

5805 

651 

4.0MW 

1782 

36a0 

4515 

57 

- - - -- --

Trated (m/s) 

hub height (m) 

---------------------------------------------

11 11 11 

7 7 7 

12 

5.5 

12 

6.8 

-

14 

2.7 

------

14 

7 

-

16 

2.7 

----- --

12 

18 

-- --

16 

24 

IA .9 availability 

2Reference height 

factor has 

for vertical-axis 

been applied to 

machines. 

the annual output values. 



desert community with available fresh underground water not deeper than 100 m.
 
.,The long term future demands are also given in Exhibit A.9. 
It is evident from
 
these results that a choice of units 4 or 5 kW will be 
a good compromise to
 
cover the short 
term energy needs of 100 persons. For communities of 500. .
 persons. Two units, 15 kW each 
or a single 25 kW will be adequate to supply
 
the energy needs.
 

The appropriate size of 
the units that could supply energy for irrigation

pumping is 5-10 kW for each 10 hectares, depending on the irrigation period

since the energy demand for irrigation is not evenly distributed all over the
 
year. 
 In the future, 100 kW units may be used for each 100 hectares.
 

EXHIBIT A.9 PROJECTED SIZES OF WIND TURBINES
 
FOR SELECTED SITES IN EGYPT
 

Installed kW to Cover
 
Basic Needs of Long Term Needs Irrigation


Site Load Factor 100 Persons of 100 Persons of 10 Ha
 

El-Jaccoum 0.292 
 3.71 19.17 5.22
 

Alexandria 0.24 
 4.5 23.77 6.37
 

Hurghada 0.474 2.29 
 11.8 3.65
 

A.1.6 Industry Status 

The wind technology industry in the United States has experienced a sustained

growth. The technical feasibility of both large and small wind energy conversion
 
systems for electricity is established. Considerable test and operational data
 
on small machines now exists, 
and a data base is being established for large

machines. 
There are currently approximately 60 U.S. manufacturers producing

wind turbines. Most of the successful manufacturers sell small (less than 100

kW, rated capacity) horizontal-axis machines, although a trend appears 
to be
 
developing and several companies 
are 
designing and beginning to market intermediate
sized (200-500 kW) machines.
 

The growth of wind farms continues to be an encouraging indicator of
 
progress. At least 50 developers have installed wind farms to sell electricity 
to more than 15 utilities. 
 The majority of wind farms applications are in
 
California. Approximately 4700 machines 
totaling 230 megawatts of capacity had
been installed by the end of 1983. This is up from about 1700 machines and 70
 
megawatts at the end of 1982.
 

The technology base developed over 
the past several years, combined with a 
favorable investment climate and incentives, has spawned this growing industry.
However, performance and reliability have been less than adequate although 
these are variable across the industry.
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A.1.7 Current R&D Thrusts
 

Research and Development (R&D) activities 
in the early phases of the
 
'program were driven-by three main beliefs: 
 that the extensive technology
 
developed for the aviation industry could be borrowed directly; that the wind
 
itself could be characterized as a steady, homogeneous flow; and 
that major

improvements in cost-effectivenes; would be achieved through advance ,
4 engineering,
 
economies of scale, and mass production. Because of the relativelyl{advanced
 
state of 
aircraft aerodynamic technology, basic research was not stressed.
 

Even though wind technology has advanced significantly since 1974, further
 
improvements are required if wind energy is 
to be competitive with grid-supplied
 
power from other sources. Exhibit A.10 shows the 
status of current state-of-the
art technology relative to 
the long term goals and helps define the challenges
 
for research and development.
 

Developing these opportunities for improving wind technology requires
 
research in two parallel areas: 
 the basic science of wind turbine dynamics,
 
and advanced components and systems research. Wind turbine dynamics research
 
includes studies in atmospheric fluid dynamics, aerodynamics, and structural
 
dynamics. These activities are aimed at an 
improved understanding of the basic
 
physical phenomena created by 
the wind turbine's interaction with its environment.
 
Advanced components and systems research includes research on advanced concepts,
 
supporting research, applied technology testing, and multimegawatt systems.

These activities are aimed at reducing technical barriers 
and developing the
 
technology base that will lead to major improvements in machine cost, performance,
 
and lifetime. 
This area will involve not only R&D on individual components
 
such as advanced airfoils and generators, but also systems analyses and testing
 
to 
ensure that designs are optimized from an overall systems point of view.
 

Activities in both the 
science of wind turbine dynamics and advanced 
components and systems research are being conducted in parallel because the R&D 
activities are interrelated. Wind turbine dynamics research will provide the
 
understanding and the tools to help identify, test, and evaluate new concepts.
 
Similarly, advanced components and systems research will identify new concepts

and design relationships that will define, in part, the analytical requirements
 
of improved wind turbine dynamic models. 
 In this sense, wind energy R&D is
 
necessarily an interactive process between basic science and applied research.
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EXHIBIT A. 10 TECHNOLOGY STA'IUS AND TECHNICAL COALS (1984 dollars) 

I. ... .
. .. ... ..... . o .
 . .. ..
(>lrrent Teclii 
. .. . . . . ... .. . . .. .. . ..
9Y Techni cal GoalIs
 

Annual energy production Ranginp from: 
 Ranging from:
and insta]led costs 
 2
300 kWh at 'Tho)/ m 900 kWh at $%)/ 2
(per m of swept rotor 

... ___ 

to toara) 
 __ -01) kWh at WO1_0/ 2 

1500 kWh at $750/m 2
 

Annual operation and 20,/kWh 
(1.5J/kWh
maintenan, e costs 
 with with 

85 to 95%

Availabil ity 90%+ 

Life expectancy
 

o 
Major fat igue-related 
 5 yearsb 
 30 years
 
part ,;
 

o Balance of the primary 
 30 yearsb 
 30 years
 
structure 

3 -year leveliz,l cost of 
 101 to 151/kWh 
 41/kWhL- electricity-

aEnergy production for 
current machines was estlmat ed for an annual average
wind speed of 6.3 m/s to ali ow comparison with the long-term goals.
 

bEstimated.
 

A.1.8 
Relevant Experience 
in Egypt Using Wind Technology
 

The following 
 the wind energy-related
are activities In 
Egypt.
 

a. The Ministry of Energy and 
Electricity and 
the University of Oklahoma,
with support from the .. Agency for International Development (AID),
have conducted 
a reA r h program to measure wind speed and duration

in Egypt. This progra:m hIw 
 two p;easm.
 

Phase one started in !';2 
 and was; bas;ical ly a resourc: e availability
study. It dealt Ui, 
 ,v with the gathering of existing wind data toselect the prornl i g Aream for wi nd energy explorat ion. Phase twostarted In 
1978 and Kai 
 ma iinly wit h me.a;uring wind speeds andin pre-selected duration
loca ioln. Such measurements have been taken in MarsaMatruh, Ras El 1tei, ;il Aldel Rahman along the north coast (Mediterranean), Safaga, lturg 
,ila and Ran Charlb along the Red Sea coast.
 

Several basic studf es concern! rg (es ign performance of d if ferentmills and generators snQ"htle for 
wi nd

electricity generation under the 
unsteady wind condition; 
ire underway at Cairo, Alexandria and Ielwan 
universities. 
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b. 
During 1978, the U.S. Agency for International Development (AID) set
 
up a project to assess 
Egypt's energy resources needed to the year

2000, and the energy demand and supply options which are presently or
 
will- be - available to Egypt by thatt ime, The' assessment 'wass"unde'rtaken 

jointly by the Egyptian Ministry of Electricity and the U.S. Department

of Energy (DOE). 
 The final report of this study was published in
 
April 1979. The report stated that the cost projections for wind 
energy conversion In the higher wind areas of the Red Sea and Mediter
ranean coasts are sufficiently low that energy could be generated at 
costs competitive with fossil fuel fired systems. It is also reported
that large scale implementation of wind systems could be a realistic
 
option in Egypt for the 19 80-1990's. Economic performance of three
 
sizes (6,100 and 
1000 kW) of wind turbines were projected for two
 
sites in Egypt, the first is 
on the Red Sea coast (Ulurghada) and the
 
second is on the Mediterranean coast (Marsa Matruh). The cost of 
energy, based'on a total system installed in Hlurghada, on the Red Sea,
 
was estimated to be 90 mills/kWh (0.06 LE/kWh) for small systems and
 
to decrease to 30 mills/kWh (0.02 LE/kWh) for large systems.
 

c. 
A joint project between the National Research Center (NRC) of Egypt

and the ITDG of the United Kindom started in 1977 to develop a design
for a wind turbine-driven water pump of low lift type 
to be used for
 
irrigation purposes in the local geoclimatic conditions of the
 
Egyptian rural areas.
 

A second project is financed by the NRC of Egypt to develop a d.c.
 
link inverter which could be assembled locally to operate with wind
 
generators under the conditions prevalent 
in the Egyptian desert.
 
This project includes, also, 
a study for operating subsynchronous

induction generators in conjuction with large wind energy systems

which are supposed to be interconnected with the power grid.

The Mechanical Engineering Laboratory of the National Research
 
Center and the Intermediate Technology and Development Group (ITDG)

of the United Kingdom are undertaking a project to develop a new
 
design of a wind-turbine driven water pump of the low lift 
type for
 
irrigation purposes. Modification and development includes 'facilities
 
for local manufacture of the prototype, site selection for installing

the prototype, and preliminary testing under the field conditions.
 
The tests aim at 
determining the performance capabilities and ident
ifying the development needs.
 

d. A project to select and 
test the most suitable commercially available
 
wind mills under Egyptian climatic conditions is underway as a joint

work between the Ministry of Electricity and Cairo University. 
The
 
main object is to introduce the necessary design changes in the
 
selected type in order to 
facilitate its local manufacture.
 

Several other experimental and basic research studies 
on the laboratory
 
scale are 
being conducted at the universities.
 

Exhibit A.II is a representative list of countries having activities in 
wind energy. 
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AUSTRALIA AND
 
SOUTH PACIFIC
 

Australia 


Indonesia 


Kiribati 


New Zealand 


Solomon Islands 


NORTif ANERICA 

Barbados 


Canada 


EXHIBIT A. 11 COUNTRIES 

Applications .hich Have 
Been Identified for Wind 


Electricity, irrigation 


Water pumping 


Water pumping, electricity
 

Electricity (may be 5% 


by wind in 1989) 


Pumping water
 

Power to process sugar cane
 
Water pumping
 

HAVING ACTIVITIES IN WIND ENERGY 

Research Being Conducted 


Integration of wind system 

into large scale grids; 


Vertical Axis machines; 

Hybrid wind/pv/diesel for 


smail scale remote area;
 

resource cinta coi lect ion
 

IOtM .Z, rotor UI "irer 

Resuurce assessment; wind 


diesel systems; darrieus
 

evalua t ion 

Vertical-axis machines;
 

hybri: wind/diesel for 
5 k sv ten;, Re5ourceAsseos:eut,TC' 

Girom.il 1 

Size of Machines 
Being Evaluated
 

2mw, Imw, 20-50 kw
 
20 twh/year 20-22kw
 

10% of power
 
requirement
 

1kw, Iflcwbicjmeter/
 
day irrigaMion
 

Small and tLrge
 

8-50kw; 50A230 kw 

http:Girom.il


EXHIBIT A.11 (Cont.)
 

Applicatu.'s Which ]lave Size of MachinesBc*-n Identified for Wind 
 Research Being Conducted 
 Being Evaluated 

NORTH AMERICA (Continued) 

Dominican Republic Water pumping, village power 

Haiti 

Honduras 

Water pum,-ing 

Electricity 

Jamaica 

Mexico 

Trinidad and Tobago 

Water pumping 

Water pumping, 

Water purmping 

electricity 

AFRICA 

Botswana Pumping water; 
power generation 

Vertical-:axis wind; 
Rotary drive windpumps 

Ca:aeroon 

Cape Verde 

Ethiopia 

Water pumping; 

Water pumping, 

Irrigation; 

electricity 3 meter dia. rotors 

6 meter towers 

6A9 meter dia. turbine 

Kenya Irrigation, deep wells 

power generation 
6 meter dia. rotors 

Lesotho Electricity 

6 meter dia. rotors 

Mali Water pumping in north 



AFRICA (Continued)
 

Morocco 


Nigeria 


Senegal 


Somalia 


South Africa 


Sudan 


Tanzania 


Tunisia 


Zambia 


ASIA
 

China, People's 

Republic of 


EXHIBIT 

Applications Wnich Have 
Been Identified for Wind 

Water pumping, grinding
 

grain
 

Water pumping 


Irrigation, power 


generation 


Water pumping 

Water pumping, electricity
 

Water pumping
 

Water pumping, electricity 


Water pumping, irrigation
 

Water pumping, power
 

generation
 

Electricity, water pumping 


A. 1 (Cont.) 

Research Being Conducted 


Savonfus for water pumping;
 

verticali-axis turbine type
 

Savonius; 6 systems erecte4
 

l.1kw for demonstration 

Appropriate technology 

systems using local
 
materials
 

Very small systems for 
desalination and electric 


welding 

Size of Mach 
Heing Evaluated 

lA20kw 

10OW-250W, 3kw:
 
20kw, 18kw, 40kw,
 

55 kw 



EXHIBIT A. 1i (Cont.) 

Applications W',hich Have 
Been Identified for Wind Research Beirng Conducted 

Size 
Being 

)f "achines 
Evaluated 

ASIA (Continued) 

India Irrigation, water pumping 1-5kW dari-ieus; savonous 2kW, 10 kW 
power generation rotors; lOe-diameter Cretan 

sail; .5kw soil type; water 
pumping, designs, economic 
studies 

Iran Water pumping Laboratory scale tests on 
huth horizontal and vertical 
axis sv''tnzes 

Israel Power generation a.rr" sCale tests 3m dia. turbine; 1kw 

Japan Electricity Darrieus and Giromill sys- 30w, 8kw 

rens of 30rw; resource 
assessment; design of 3MW 
ex:;:er inenta Init 

Oman Elecrtricity, pumping 

water 

Pakistan Irrigation, electricity Developing 16 regional 3.6m dia. rotors 
rural centers for using 7 .7m dia. rotors 
wind and other solar 

Philippines Pumping water, irrigation 3m rotor dia. 
electricity 

Singapore 
Laboratory scale horizontal

axis windmill 



ASIA 


ASIA (Continued)
 

Sri Lanka 


Thailand 


SOUTH AMERICA
 

Argentina 


Bolivia 


Brazil 


Paraguay 


Peru 


Suriname
 

Uruguay 


Venezuela 


EUROPE
 

Austria 


B,11 gari a 

EXHIBIT A.11 (Cont.)
 

Applications Which Have 

Been Identified for Wind 
 Resezirch Being Conducted 


Electricity, pump water Developing anemoneter net-
work; resource assessment 

demonstrat ion units 

Pumping water, irrigation, Resource assessment horizontal
salt farming, power axis water pumping 
generation 

Water pumping, electricity 

Water pumping 

Water pumping, electricity 

Water pumping 

Electricity, irrigation 

Electricity, water pumping 

Water pumping, electricity 

Electricity 
 "Aerodynamic Ballon"
 

Electrici ty 

Size 'If Machines
 
Peing Evaluated
 

3M- & 5M dia. water
 
pumpers; 2kW electric
 

20-30 kw
 

Ikw, lOOkw--4mw
 



EUROPE (Continued)
 

Denmark 


France 


Germany, Federal 
Republic of 

Greece 


Ireland 


Netherlands 


Spain 


Sweden 


EXHIBIT 

Applications Which Have 

Been Identified for Wind 


Electricity, heat 


Electricity, water 


pumping 

Electricity, heating 


Water pumping 


Electricity
 

Electricity, export sys-
terns, storage 

Electricity 


Heat generation, power 


generation 


A. I (Cont.) 

Research Being Conducted 


Medium to large systems. 


Resource assessment, I-2MW 

system design 


Resource assessment; 


laboratory scale tests for 

horizontal axis windmills; 
flexible blade windmill 

Resonrce as~TI nts high 
capaci -r ants, 

265kW; Emg ineering study 
of 1-2' W sstems evaluation 

of 151:w system 

Resource assessment
 

Detailed meteorological 

studies in North Sea; 

design and demonstration
 

of Darrfeus; large 10 tons
 

Large R&D effort on small 

and large systems; Design 
study oF offshnre system; 
safety anal.sis; glixed 

towers ; s ('ir(t2 is ;es sment. 

Size of Machines
 
Being Evaluated
 

Systems up to 2mw, 

20,000 kwh/yr by 1995
 
Wind Power will be
 

10% electric demand
 

Small
 

l0kW, 15kW, 270kW, 
1-2,,W 

1.8kW Darrieus, 5"25
 
meter rotors 

17 m. diameter
 

i00-i 10kW 

Small and large units
 

up to 14MW. 63kW; 

1'2MW 



A.2 Photovol taics
 

A .2.1 Operating Characteristics
 

PV systems are capabie of supplying any electrical load ranging from a
 
fraction of a w ttL to several 
 I t . B;.i ieit an urban, rural or remote site,
 
a stand-alone or grid-interactiVIJ v;ystm, PV has 
 been proven not only feasile, 
but reliable. 

Power at various voIt age I , ,eIv ; can be produred through the wiring of 
cells and modules In parallel or , t ,oni gurat Ions. A customer generally 
do(-, not. have a cho ice as to tirt, rfreed wiring of tihe celis within a module, 
so voltage can bc adjoe;ted t hrol,"i tll. arra,.ngelment of the moduls and/or the
 
ise of a converter. A conv rt r ; us;el t L1 volt,'e; Or when
tot Lip down Intlil]0!, 
wirilng Cannot rentlt InI Lh- i t -irit- xi IttD; (e.g., 4imodules at 12V cann,)t
 
prodtl e powcr a t 220V).
 

1PV systems prodte direct etnrelnt (DC) power. Through the use of an 
inverter, however, PV can bte used to ;upply alternating current (AC) loads. In 
Egypt, both AC and DC systemsit h,. be,:, a In;talled. 

Most applications requir, tile use of a regulator to control voltage
 
fluctuations In systern output_. Reigilat:ors are essential because loads, such as
 
batteries, converters and Invcrt -,rm;calf only tolerate 
 certain variance in I nput
 
voltage. Regulators, inveterte; tnd conv.rters comprise what is referred Lo as
 
the power conditionring sye t eim. 

A.2.2 Technology Description 

Photovoltaics (PV) is ti direct conversion of sunlight into electricity.
 
In a PV system (Exhibit A.12), 
 groups of cells are mounted and interconnected to 
form rmodules (or collectors), w ict i n turn are connected into arrays. The 
cells are made from semicoluItcor tiit e rlale; that art processed such that when 
light strikes the cells, teY gtnle-ate , a dirct electric current. This 
current is collected and traaspeelld by metal lic contacts that are placed in 
a grid-like fashion on the a (i t c.e Power by tts ,IC , ee . generated arrays 
is fed into a power condition i, e,, em (e.g., regulator, converter, inverter). 
The power conditioning syst.em "con.iIt ions" the power for interaction with the 
loads and/or utility grid , by cant ilI iliag the magni tude of the voltage and type 
of current (direct or alternat i ng. 

A.2.2.1 Types of PV Cells 

There are basically three generations of PV technology:. ingot, ribbon 
and thin films. The current PV market is dominated by first generation tech
nology - ingot cells. Second generaltion technology has Just recently entered 
the marketplace, while third generatlon technology for the power market Is mostly 
in the laboratory stages. 

First generation technology consists primarily of single-crystal silicor,
 
cells cut from cylindrical ingots. A second type of ingot cell is made from
 
polycrystalline silicon that 
is cast in the form of a cubic ingot. However, 
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due to the large material Io Ic I'Irrtedk through th,,r ll i c rg 1 f lguot .
 
wafers; the fncompit. ibi l i t v ()t iti 
 Wth llt( alt 0111. t d prou't ionl
 
and the il inpon ,; H)i 1 Lt', ( bi,i'act d .l, . I e t Ircun i- prop,'rt , !;f I iol!) ()I
 
atta .1 l id it I1III iQ, et i) , '11.'i;'.IF 
 . I c y ti nit !orulr-


'stei Ils :;,d C)II i thI t,, . nu, t' 11p -:)
;,l 10 l t ust ,j;l - ( cost
 
c ompe t i v ' I, i nn 
 i"i lit i II :"i'.t1 )I I IL ()ntf t l, 1 ; fai t
 
Inew ietle ration It in no1 ,' 11!'C" . .: 1t'd .
 

I i 1on1* eon i 1' al.' 11erant)f vi' Lthe autiom:i ed 1)r odu t i (n of pu .,crystal ineIl-.Slnl ,n tr,1 lI:j ot a rIbburl. Rilbn 'rnwtl 'es;ts
 
in inn re t ff iI IInt II tc t ' k arnd a pot tnt I a ly hfi ,, r rat: e of
 
ti r oul , p t t t 
 , .I tI i i I ' hai,; ) I p, x11 h1 ,.. , . r - f ,I :!!Il
 
t ,i-ii I rtr i .i t tIc" ; t'1 t ft 1 .
 

Wh le not i .,.cr I , piVli a s ilicon , d ri i burr ce ln, t:hin1 Inrw,

f Illm C l In aiIn1-' o,0 I 1! 1 , , po1t ( t i tl t Jr irI " I owtr I Irr c 
 t i 'icosts. Thiey Vie Hrl' .ni ,,an ;), .: l, a:; ra ttri:i] rectA i r:,.art : ( h l-l l '. 

ire Ier; ; In ,11.- l ft I t , t I ,i P . ; s I Ic in fri1 'j t ii' l I';) witI 1 lIenld i II
 
tie l''eIvtn; to Fir'' cl , 001 ;io ip 
 rig- p . ; i il t-iil5 ut- n howIt'',iL tin --i1
 
( VIe''i u i; hi v ' r t.I t I . lv kJW tI 
 c i c :I ' -r i i 1i;I t' '.1 ;I; ir I- t11 i a1l 1u 

Ihe in; Id iiI t I itr- :.i rit r ii I; il trl; c -l' I).l c'ui i 'Thi<
mnit e ria is t"Io' ou v t i r,;r 1 l ) ' r I I t 1 11')1 ,').v t i livi v, J' lI,, It ril t t he Illt rkIt t
p)l ci . It hiar; itkiun t '-o 
 a 'r t]. I ' I n;, I t'i I ; i ! clon I ine-, riid i C'tt , o r wi i -Ih1
 
et Cicellc y in! 1 :ni l) r I): ,2u-r.it'i '. ;1 i p) (i--iwr ),i llIt_ wIs jnnt. l-eonI, itlv1itroduct-d ( I n NnV 1 r ' i,1;r .mu)ir .. ; Cit her ti i : film.', ;uitch ,1as caIdt1:ir 1t
 
t elIlIr ide ( Cd'Te ) , copp rr 
 Ial), u1n ',l d! -t ( II Iri.2 :) a ti Ia IIurn au tirnide (t are St ll I i t L;h -I'ic' I I- lI i , ', . 

A prom Ising conc'pt fur toI I iv; in u 1iit iple- junc-ict ion celI s. These

cells consist of d-iffertett Lt1in f I I :n.I]aye.red on top of each other. Each mate
rial absorbs a dif-ferenLt r , Ilii lthe ,solar spect rum and thus results in a
 
higher total convers ion 
 ef f i c i tn t ,iri possible for any one material. 

A.2.2.2 Types - of iCo1i-v_ I -ct I;ri; 

There are two categories; (,F collectors: flat plate and concentrator. 
The majority of currentl IV i ti;t aIlled systems use flat-plate modules. 

They collect both direct and di t fui, raid i at ion, so tracking devices are not 
necessary (ARCO Solar Iises tracki ii fIat- plate system; in their rregawatt
scale projects, as they feel i,,nlr.,),t'' pt'rform'ance more than compensates for
increased operation and irtiitcir. u-' n ;t;). Egypti..n system experience 
has been solely with flat--plat , mei 

Concenrator col Iectr ()'It ir n 1in approach to PV power gllenration that 
reduces the need for lowerin ii thle re of high-pesrformanc'e cells. By using
lens-s to focus direct suniI phi onto c,-l Is, the cell area required to generate 
a given output can be redricted by a.i muchI a,; a factor of 1000. Concentrator 
collectors only accept direct radf1it ion and therefore require tracking devices. 
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A.2.3 Resource Availability 

Solar insolation in Egypt is one of the highest in the world, making

photovoltaics an attractive option: 
 yearly average solar insolation is about
 
5.7 kWh/m 2-day with an average of 9-11 hours of sunlight per day. The direct
 

...component of radiation represents a large fraction of the, total in many areas. 
of Egypt (diffuse radiation is generally the result of sand and dust storms,
which in some cases results in cloud cover of only 4-5 days out of the year).
It is therefore recommended that concentrator systems be also considered for
 
some regions of the country.
 

Specific resource data for selected sites in Egypt are given in Exhibit
 
A.13 through A.16.
 

A.2.4 Market Readiness
 

A technology is considered "ready" when it can 
first compete economically

in a given market. This is as opposed to being "mature" - the point at which
 
no further product development is necessary. Some of the PV technologies are
 
ready for certain markets, but none are considered mature.
 

The major markets for photovoltaic systems are stand-alone; consumer
 
products; grid-connected residential and commercial (intermediate) power; and
 
central station utility power.
 

A.2.4.1 Stand-Alone Market
 

Stand-alone applications refer to those systems not linked to utility

grids; they can be remote applications where power is otherwise unavailable or
 
unreliable.
 

Remote stand-alone applications represent a market for which PV is ready.

Types of applications include navigational aids, communications, rural electri
fication, water pumping and cathodic protection systems.
 

Although demonstration projects are still being conducted to verify

system performance in different remote environments, PV systems for remote ap
plications are essentially past the demonstration stage. The major manufacturers
 
offer turnkey systems and some packaged systems for these applications. Since
 
remote systems applications represent one of the two profitable PV markets (the

other one being consumer products), certain firms have targeted their PV activities
 
to specific applications (e.g., water pumping, navigational aids, etc.).
 

A.2.4.2 Consumer Products
 

Next to the remote systems market, 
consumer product applications represent

the only other currently profitable photovoltaic market. They represent the only,

truly, off-the-shelf PV products. Consumer products include items such as
 
calculators, radios, watches and small toys. 
 This market has been developed
 
primarily by the Japanese photovoltaic industry.
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EXIIBIT :\. 14 

HOURLY AVERAGE OF THE SOLAR IRRADIATION (KW/m 2 ) 
ON A CLEAR DAY IN ,hELWAN (CAIRO) 

Time Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

6 - -0.22 0.37 0.39 0.31 0.25 0.20 

7 - 0.36 0.56 0.58 0.61 0.63 0.61 0.57 0.57 0.53 0.45 0.16 

8 0.7 0.65 0.82 0.77 0.75 0.76 0.75 0.75 0.76 0.75 0.70 0.65 

9 0.86 0.82 0.95 0.37 0.84 C.83 0.91 0.84 0.85 .- 0.94 0.82 

10 0.94 0.93 0.91 0.91 0.88 0.87 0.87 05 0.88 .9 0.90 0.91 

11 0.97 0.97 1.04 0.93 0.91 0.90 0.87 0.89 0.91 0.91 0.93 0.93 

12 0.99 0.99 1.05 0.93 0.91 0.91 0.88 0.90 0.91 0.92 0.93 0.95 
(noon) 



EXHIBIT A.75 

ANNUAL FREQUENCY OF WEATHER PHENOMENA IN A SELECTION 
OF MET. STATIONS IN EGYPT 

FREQUENCY OF DAYS OF 

STATIONS Fog Mist Total 
Dust or 

Sand 
Dust or

Sandstorm Total34 TotalAnnual 

(1) (2) 1+2 rising (3) (5) (6) 

Marsa-Ma truh 7.4 4.5 11.9 12.7 7.2 19.9 31.8 

Alexandria 20.1 21.5 41.6 7.9 10.3 51.9 

Port-Said 1.8 2.9 4.7 4.6 2.0 6.6 11.3 

Cairo 19.7 25.1 44.8 11.1 3.2 14.3 59.1 

Almaza 16.2 15.9 32.1 9.0 3.7 12.7 44.9 

Minya 5.1 7.6 12.7 3.4 0.9 4.3 17.0 

Luxor 0.1 2.0 2.1 2.7 1.5 4.2 6.3 

Hurghada 0.1 1.7 1.8 4.5 1.8 6.3 8.1 



EXHIBIT A. 16
 

CLOUDINESS
 
HOURLY MEAN VALUES 

IN THE PERIOD (0600-1800)
 

STATION Jan Feb Mar Apr May Jun Jul ti.ug Sep Oct ! Nov Dec ANNUAL 

Sidi-Barrani 

Marsa-Matruh 

4.6 

4.5 

3.9 

3.9 

3.2 

3.4 

3.4 

3.5 

2.5 

2.5 

1.8 

1.5 

1.4 

1.3 

1.5 

1.9 

1.7 

1.9 

2.5 

2.5 

3.7 

4.1 

4.1 

A.4 

2.9 

3.0 

Alexandria 5.1 4.5 3.7 3.9 2.4 2.0 2.1 2.8 2.7 2.9 4.8 5.3 5.5 

> 

Damieta 

Port-Said 

Tahrir 

Tanta 

Bahteem 

Almaza 

Giza 

Swia 

Kharga 

Minya 

Hurghada 

3.3 

2.8 

3.5 

3.2 

2.8 

3.2 

3.0 

3.1 

1.8 

2.3 

2.3 

3.6 

2.9 

3.7 

3.3 

3.0 

3.7 

3.2 

2.8 

1.8 

2.4 

2.4 

2.8 

2.3 

2.9 

2.6 

2.3 

2.9 

2.5 

2.5 

1.3 

2.1 

2.0 

3.1 

2.5 

3.2 

2.6 

2.7 

3.1 

2.8 

2.6 

1.6 

2.3 

2.3 

1.6 

1.4 

1.9 

1.6 

1.4 

1.8 

1.7 

1.9 

1.1 

1.5 

1.3 

0.8 

0.7 

0.8 

0.8 

0.4 

0.6 

0.6 

0.4 

0.2 

0.3 

0.1 

0.7 

0.7 

0.6 

0.9 

0.5 

0.9 

0.5 

0.3 

0.2 

0.2 

0.3 

1.2 

0.9 

1.1 

1.3 

0.9 

1.2 

0.8 

0.6 

0.2 

0.3 

0.2 

1.3 

1.0 

1.4 

1.3 

1.0 

1.3 

1.1 

0.7 

0.2 

0.4 

0.3 

1.6 

1.3 

1.4 

1.4 

1.1 

1.4 

1.1 

0.8 

0.2 

0.4 

0.3 

3.1 

2.3 

3.2 

3.1 

2.2 

2.9 

2.5 

2.0 

1.0 

1.7 

1.4 

3.4 

3.0 

3.7 

3.2 

2.7 

3.2 

3.0 

2.6 

1.3 

2.0 

2.1 

22. 

1.8 

2.3 

2.1 

1.8 

2.2 

1.9 

1.7 

0.9 

1.3 

1.3 



A.2.4.3 Grid-Connected Residential and Intermediate
 

PV systems for these ippiat 
 ionri: 	 are essentially In the demonstrationphases. The nmljorlty of tho 4r I J- I nterac- Iye system; operating today have

been sponsored by the U.S. 
 Npl.aI : Wio uergy (DiOE).
 

It has bee n proven 
 W !".' , 2 I a erlface with uti i ties and provi de" utilityquality power; hiwever, su;cl sy.vys; are not cost effective, and tLhe.refore 
PV is not read\'y for this market ps;t.
 

At the present time, thesea mIrLis are not 


t 	 ca 

being actively pursued by theU.S. 	 industry. iJ.S. industry Ia; ,eu d ltIts efforts toward remote and 
central station utility applfc t 1 S5. 

A.2.4.4 Cent ral ity 

Like the stand-alone applI cations, central station power systems have
been developed prinartly by U.KS. incdu stry. 19H2 


Sta: I on - Ut 1 1 Power 

marked the beginning of privatesector i nstallatfiWi of four, mtne.i t--; ize systems to supply power to three
 
sepa rate Call fornf a ut: ill t Ie ;.
 

Although mcgawatt-size sy: tems take 	 advantage of economies of scale,utility applicatlons are still nut cost effectlve. PV research in the U.S. is,geatred toward reaching cost-comp etitiveniess in the U.S. utility market. 

In summary, while PV has on proven reliable for the full-range ofapplications, it is only economic, and therefore -ready," for the remote
systems and consumer products,; marl- t:s. Exhibit A.17 s ihows market 
 share of tilevarious applications for 1982 and 1983.
 

Egyptian exposure to 
 phat! .,vIltaics has been primarily through stand-aloneapplications. Stand-alone cAtfny will 

Egypt in light of Egyptian act ivitie; 


apll I continue to be the major market in 
to deveop the scarcely populated regions


of the covntry.
 

PV systems offer an appropriate solution to fuel supply unceruaintiesand the maintenance problems of remote diesel generators. Probably the onlytype 	 of maintenance that 	 would be in ecommended for the Egyptian environmentis to clear the modules of dust accnumilation. The system can be oversized according
to the length of time between visits. 

PV systems also offer the advantages of power flexibility (AC versus DC),short construction periods, easy 	 scaleabllity and environmental acceptability. 

Aside from the economi ron; ideratlons for PV in certain applications,
the major disadvantages of PV are as follows: 

(1) 	 Storage Requirements - SIince PV systems can produce power only whenit is sunny, storage Is re1quired to be able to use power at night
and on cloudy days. 

(2) 	 Fragility - PV modules can be easily damaged by animals, stones, hail, 
etc. 
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END USE SECTORS 1982 
 END USE SECTORS 1983
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(3) Space Requirementts - Because system 
effiiiencies are low, 
a large
module area is necessary for 
large power requirements. 
 (For example,

a i-MWp faci lit:y o Cali fornla Is using H hectares). 

A.2.5 Economic Viability
 

Until about ten years ag,,, PV cellIs had been developed primarily 
for space
satellite applicaton;. High OVIvr ;i n efficiency was the primary concern,
and costs were not a iajar fc tr. o 
r terrestriaI appl icatin s hawever,expense has bet I. :1,
he It ical I" w.idespread it I iatmon of iP .
 

Typicallv 
 5I0 to 75 pecnti A PV ;y sem cO tS can he aittribu teod to themodule;. The 
r m iin g o;t ,Ior the hil of 's'stut. (K K), inclde allsibsys t ;; ind O,ms cd lnon t : xc I; s it ' t clitadI o, ill I"s itt- art needed
 
for aIt I \1 I LiiiCtI mcllI
u il I:oltl.
 

Todaay, PV mndule prices ran, 
 from 5 to 12 do] la r; per peak wact. The:ange reflect; the qulnititv c& modules purchased. 
 The 35./p pric e represents
ARCO Solar's bid for aiPh1I If of tih iacramnto faunic Ipl: ILtii y District 's(SMUI)-I ), I- g~p priaect. In tih s.ill-to-mediumr-. ize rang, prIces starta pproximately 7/Wp. Exhib t 
at 

A.19 sho; how the average PV moidlule price has 
decreased since 197h. 

Installed system prices ran, from about $10 
to 310%, depending uponthe location and the particular applicat ion. 
 The lowest price, $10/Wp, is for the
1-MWp, SMUD-I1 project. At these pices, PV is cost -compieti tive for manyremote applications, but 
not for 
ut lil -interactive syst ems. Nt remote sites,
PV Is in competition with the ext, iI an of ,tility lines (which in the UJ.S. cancost $20,000 per mile), diesels (higii N ai fuel costs) and batter es (high
initial costs).
 

The potentia] 
for PV applicat ions in Egypt as a function of remoteness
 
Is as follows:
 

Populated Areas: 

- long-term potential (late 1990's) for general city/village electrification 

- immediate potential for portable equipment
 

Medium Remote Areas:
 

- medium-term (early 1990's) potential 
for most applications
 

- immediate potential 
for cathodic protection and portable applications
 

Remote Areas:
 

- immediate potential for 
most applications with low 
to moderate P04or
 
requirements.
 

A-33
 



EXHIBIT A- 18 
AVERAGE MODULE PRICES :1976 - 1983 
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A.2.6 Industry Status 

The world leader In phot'ovoltaic systems technology and production hastraditionally ben the U.S. In th pit eight years, more than 75 perzent
of the peak capacity In the word n been Installed by II.S. firms. More
recently, however, the U.S. Ienor;hp position has decreased from an 85 percent
market share In 1980 to 62 percn't Ini i. TI Is decrtase can he largelyattcibuted to Japan's aggruisiv t iviti eq in consumer product appiIcations.
Exh ib t A.19 shows world ciiipi at; n Q p, u ppi'c reglpon. 

Exii bit A.19
 
PhotovoltLic Shipments*
 

(Mw) 

1980 
 1981 
 1982 
 1983
U.S. 2.8 (85%) 4.0 (75%) 4.6 (60%) 9.6 (62%)

Japan 0.1 ( 2%) 0.5 ( 
 9%) 1.5 (19%) 3.3 (21%)
Europe 0.4 (12%) 0.8 (15%) 1.5 (19%) 
 2.4 (15%)

Other 0 ( 1%) 0.1 ( 1%) 0.2 ( 2%) 0.3 ( 2%)Total 3.3 (100%) 5.3 (100%) 7.8 -- (10 ) 15.6 (100%) 

*Data from Strategies Unlimi ted 

U.S and Japanese involvement in PV can he characterized by technology
and application markets. Th2 U.S. Is clearly the dominant figure in first and
second generation technologies. 
 Firms have used these technologies to penetrate
the remote 
systems and central station utility markets. On the other hand,

third generation technology (in particular, a-Si) Is dominated by Japan. The
Japanese industry, shortly after entern , the 
 PV field, became extremely suc
cessful in the consumer products 
 ma r t. It has only been recently, that

Japanese firms have expressed mteru;t_ in the 
 rcmote applications market. 

Although the U.S. Industry has nontinnud to experience growth andmaintain its world leadership poSi t n, It is nevertheless young and fragile.

Its fragile structure, tylical 
 oi young ndu.stries, is evidenced by low
profitability, corporate turnover, excess capacity and high depenlence
 
on federal support.
 

The Japanese, however, have a smaller, but more stable PV industry.

They were able to quickly capitalize on a profitable 
mirket, whereas
 
it took many years for U.S. Industry to begin to profit (and to a much 
 lesser 
extent) In the remote power market. 

As in the U.S., the major manufacturers In Japan are supported by largeindustries. The Japanese firms hnt mostare successful in PV are the large
electronic and power engineering companies: Sanyo, Sharp and Fuji accounted 
for approximately 70 percent of Japan's market share in 1983. 

In Egypt, there is no photovoltac Industry. The manufacturers andassembly of PV cells is 
limited to the research scale. Laboratories at Alexandria 
and Ein Shams Universities produce prototypes cells and modules. PV systems
 
are supplied by foreign firms.
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The U.S. PV industry offers a wide 
variety of equipment to choose from:
 
collectors made from single-crystal, polycrystallne and a-Si materials; 
con
centrator and flat plate collectors; fixed, tiltable and 
tracking support

structures; controlle rs , I iverter, a nd convertr, ,; And DC and AC end-use 
equipment. Individunal PV syst em c'mp,,nuL nts can be obt ained from respective

manufacturers, or their distribui-tr;; turn-key systems can he purchased

through a systems integrator or module manufacturer. Most major manufacturers
 
also supply packaged systems for 
crraln applications.
 

A.2.7 R&D Thrusts
 

The key thrusts of PV R&D are to reduce the cost and raise the efficiency
of systems so they can be competitive in a wider variety of applications. PV
 
systems can be divided into 
the m tles and the balance of system (BOS).
 

BOS technologies are 
so well developed that additional significant

improvements are unlikely to corn, 
from further research. Advancements in these
 
areas will 
come from better designs, a chi eved through Increased e:perience, and
 
mass product ion. Thus, current ra vt rch 
Is di rected toward improvements in
 
the modules.
 

The maturity of various PV technologies is Indicated in Exhibit A.20 
There is a constant tradeoff 
between the cost and efficiency of the cells; the
 
technologies that 
are most developed, so far have Involved 
the most expensive
 
processes.
 

Single-crystal silicon is the most stable and highest efficiency silicon
material used 
in commercial PV applications. R&D efforts 
continue at increasing

efficiency toward silicon's 
theoretical limits and at reducing material costs. 

Cast polycrystalline silicon cells 
are less efficient than single-crystal

cells; however, the costs involved with "growing" a single crystal are higher
than for casting an 
ingot. R&D Also conc ntrates on improving efficiency
 
and reducing material costs. 

Ribbon cellq offer 
a more automated production process; however, once

again, manufacturing cost improvemeuts have been at 
the sacrifice of further
 
efficiency. R&D efforts ar _ 
underway to resolve 
gcaaric growth impediments
 
and performance-limiting characteristics.
 

Concentrator technologies offer the opportunity to use much smaller cells 
(2.5 cm versus 10 cm in diameter) and generate more power 
per unit area. R&D

in this area involves increasing concentration ratios 
and heat dissipation
 
from the cells and developing improved tracking mechanisms.
 

A-Si technology is probably the most publicized PV materIil of recent years.
A-Si cells use 
100 times less silicon than single-crystal sells. TherLfore,

its potential for inexpensive products 
is very high. However, a-Si has the
 
lowest efficiency and stability of any of the 
other more mature options.

R&D in this field has been dedicated to Increasing efficiency, lifetime and
 
production automation.
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The other options In Exhibit A.20 are still in preliminary research stages.
Gallium arsenide (GaAs) is looked at with promise as thin-film material in 
stacked cells. In single-crystal form, GaAs alloys have yielded the hlghest
efficiency of any material to date and are extremely stable; however, GaAs 
is an extremely expensive material and therefore has only been used commercially

for space applications. As a thin filmIn a stacked 
 c11 for a concentrating
 
system, GaAs may prove to he c:; -ef i ert ive.
 

A.2.8 Felevant Egyptian/Worldwida, E:.:pe rience in Using PV 

Egyptian PV-related act IvIt l us are summarized in Exhibit A.21. in the 
U.S. alone, the number of PV inbA:I lation, has soared from just a few systems
in 1974 to tens of thousands in iM4. Systems funded by the U. S. Department
of Energy (DOE) are summarized in hIbit A.22. Other U .S. Systems include 
five central statlon facilit Ien, an eat imated 6000 remot home,, and thousands 
of other stand-al Ione syst e. 

Along with the U.S., several other countri es have strong PV research and 
applicatiuns experience. These countries Include ,apan, France, Get jany,
Belgium, Italy, United Kingdon, Hloland, Spa in, Jnd i:, Austra i a, Canada and 
Brazil. 

Worldwide, almost 10,000 commnl icat ion systems, about 1,0o cathodic 
protection system, more than 5,H00 naviatlonal aids and more than 1,00 railroad 
aids are installed each year. in 1983, on the order of 2,500 rural eletrification 
system were Installed. A fract Inn of the 1V systems that have been installed 
in developing countries are identified in Exhibit A.23.
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EXII I.I T A.21 
EGYIPTIA:; PV','FNCE
 

EGYPTIAN INSTITUTION OR;ANIFZAIT ( PV ACTIVITY
 

Ministry of Electricity French 1r)vernment o 10 
 W refr gert ion s,, ter, 
and Energy 
 ( i31 Da1 Lake) 

o 	 Evaltiaion of PV cells (in 
cooperation withl National 
Research Centr' 

o Irrigation pump testing 

German Government o Supply of ten PV systems 
(include navaid, pump,, 
ret r i ierator) 

US Government o Desalination, pumping, 
(USAI D) refrigeration and l lagev 

electrification systems 

National Research Centre 
 o 	 Silicon and cadmiumn-sulfide 

eel I research 

o 	 Development of linear electric 
generator for andPV wind 

French Government o Silicon cell testing and
 

manl facture
 

Cairo University 
 U.S. Government o Cathodic protection research
 

o 	 Theoretical PV system research
 

o 	 Amorphous silicon cell 
lab
 

Ein Shams University French Government 
 o Silicon cell manufacture 

University of Alexandria Dutch GCvernmnent o anufacture and assembly of 

cells and modules 

Assyout University French Government o Cell research 

}lelwan University U.S. Government o Production and testing of cells 

American University in U.S. Government o PV system testing (Basaisa)
 
Cairo (AUC) 
 (NSF)
 

World Bank o 	 Desert development (Sadat City) 
- 10 LW electrification system 
- 5 kW pumping system 
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EXHIBIT A.22 

U.S. DEPARTMENT OF ENERGY
 
SYSTEMS EXPERIMENTS
 

TYPE 

CENTRAL STATION 


GRID-CONNECTED INTERMEDIATE-SIZE 


GRID-CONNECTED RESIDEN'TIAL-SIZE 


FEDERAL PHOTOVOLTAIC UTILIZATION 

" 11)CK . 

OTHER STAND-ALonNE 

TOTAL 


NUMBER OF
PROJECTS AGGREGATE
 
CAPACITY (KWp)
 

1 
 I,000*
 

9 
 1,200
 

8 
 120
 

3,164 
 600
 

13 
 800
 

3,185 
 3,720
 

*DOE PLANS TO EXPAND THIS PROJECT TO 2,000 KWp in 1985. 



PV PROJECT LISTING 

REGION: Africa 

Country Site Application Sponsor 

But 'walna Pump ing USAT D/Botsw,-na! 

Pe a e Corps 

French Somaliland Djibouti Pumping, I'SA! 

Gabon Bolos soi 1.L e Rural E1 ct ri ff cat ion BOU7.... 
Bougand ji 
Donqul Ia 
Nyal. 

Rural El ct-t: r i i ,f ion 
Rural. i et. ri fi ar ion 

iuraIl .t. t.rif ( at!;on 

USD )E 
US1) 1 

UJSDi)oi 

Gambia Gun jur Ref ipr'rptt ion CDC 
Kur Re fr IIllf it io : CI)C 

Ivory Coast Menee Re fr ipe r.1ticon USAID 
Niofouin1Ref r fgerat.iou CDC 
Za ranou Ref r ige ri ion CDC 

Kenya Ikutha Refr iger,,t ion USAID 

C Iorn!IllI, at iCll 
Lighti ng 

Ster i 2:at.iron 
Kibwezi Re fr ige rat ion USAID 

Comltlinic alt lolls 

tc ri1i.at ion 

Lesotho Lighti USAID 

Comn11 I cit.ioil; 

Li be ria Suehn Re fri gerain USAID 

Mali Pumping USAID 
Agri Processing USAID 
Pump ing 
AgrL Processing USAID/Nali/Peace Corps 
Li gh t i n, 
Pulip f nj, 

Re fr fgera t: ioil 
Pumpi ng European Dev. Fund 
Pumpli ng UNDP 

Quelessebougou Re fr ige ration USATD 

Mauritania Rural Electri- USAID 

f ica t:ion 
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EXHI I ' A., I ( Cont ) 

PV PI"LJECT LISTING
 

REGION: Africa (Cont'd)
 

Country 
 Site App.A2ation 
 Sponsor
 

Niger 
 Pumping 
 USAID
 

Nie ri a 
 Pumping
 

Rwa nda Pumpi ng 
 USAID/Rwanda
 

Sen e gal Pump ig 
Mt. Roland Light: i. 

Re fr is,tra t I on 

Tanzania 
 Rural Electrification USAID 

Upper Volta Orodara Refriperat:ion USAID 
Tangaye Agri Pr,)cessing USAID/Upper Volta 

Zaire 
 Co Cunications USAID 
Kionzo tfr I;rat: i()I USAID 

Zimbabwe Chikwakwa RefripiraI, i on USAID 

Coil)mmunl i ;It-iols 
Li ght ug 
S t: e r i ia tio1 

Chiota Re fr i gration USAID 

REGION: Asia
 

Fiji
 

India 
 Bhoorbaral Refrigeration CDC
 

Indonesia 
 Batujaja Refrigeration USAID 
Cibung Bulang Refrigeration USAID
 

Rural Electrification W. Germany 
Cominu n Caf . oils USAI D
 

Maldives 
 Kuluduffushi Refrigeration CDC
 

Marshall Islands Utirik 
 Rural Electrification USDOE
 

Pakistan 
 Sialkot 
 Rural Electrification 

Philippines 
 Pumping UNDP 

W. Germany 

Thailand 
 Communication 
 World Bank
 
Tambon Tha Thong Refrigeration 
 USAID
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EXII If,! :'. ",(Cont..) 

PV ii(w.l'u'r LISTING 

REGION: 

Count 

Latin America/Caribbean 

Site App I teart ion Sponsor 

CoIumbia Bocas Del Palo Refrigeration CDC 

flomi nicin Republic Las Tablas Refrigeration USAID 

Ecuador Poiro Vicento 

Ma I oilad o 

Comuna Cobos 

Rofrigeration 

m n Icc, t)Ions 

L i jl t i l,, 
Pr rlrp i n 

S t (,r [:-at-ion 
Ref r i 1,or.rt ion 

USAID 

USAID 

Guatemala Tierra Blanco Reffr Igeratlon USAID 

Guyana Kumuka 

Sand Creek 

Waramur i 

Med i'cal EllI ct:ric 

ower 
1'.ial lr t. r i 

Porte r 
Re fr i.t. rat;on 

IADB/Guyana 

of Health 
IADB/Guyana 

of lleal tll 
USAID 

i n st ry 

zI trv 

Schepmoed 

Cnrrni Ica, ons 
S t e r 1i :a t onl 
Re fr ige ra :ion USAID 

Haiti Anse-A-Veau Re fr igeration USAID 

Honduras Aldea Las Selva,; Refrigeration USAID 

Peru P ucara Refrigeration CDC 

St. Vincent & 

The Grenadines 
Canovan 

New Sandy Bay 
Refrigeration 

Refrigeration 
USAID 

USAID 

REGION: Near East 

Egypt Basaisa Village 

Sadat City 

Sadat City 

Communications 

Pumpi fig 
I'ump[ng 

Common Ifcattons 
Ligh ti ag 

World Bank 

World Bank 

Jordan 

Morocco Bouaboute 

Refrigerat:ion 

Communications 

PuIlnp ! n g 

Refrigeration 

USAID 

W. Germany 

14. Germany 

USAID 

Oman Conimun ica t ions 
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EXIIMIT A,.0 (Cont.) 

PV PROdUCT LI 'ITIC 

REGION: Near East (Cont'd) 

Country Site Alicariop Sponsor 

Saudi Arabia Jeddah Desal 
Rural 

atton 
Electrification USDOE/Saudl Arabia 

Tunisia Bir Amama 
Es-Smi rat 
liamman Bi adha 
Hlamman Biadha 

Re frigeration 
RfFri ,erat fon 
P'lr,)[in, 
Cni:timn i at o ; 

USAID 
USAIID 
USAI D/Tun i sia 
USAID/Tunisi 

Hamma n Biadha 
Re r i ,erat: ion 
Communi I i: icnns 

Li ght'I n, 
Pump i ng 
Re frig erat Ion 

USAID/Tunis ta 

United Arab 

Emi rates 

Dubai Lighting Private 

Yemen Pump i ng 
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A.3 High Temperature Solar Thermal
 

A.3.1 Operating Characteristics
 

Solar thermal systems are developing as a potentially significant energy
source. 
Of all the-,solar technologies, solar thermal systems offer the greatest

diversity in terms of temperature ranges, applications and storage options.
 

Solar thermal technology concentrates the solar flux by means of tracking

mirrors or lenses onto a receiver where the solar.energy is absorbed as 
heat.
 
The thermal energy can 
be used directly for process heat applications or be

converted to electricity. Collectively, existing solar thermal concepts 
are
 
complementary and 
can address a wide range of applications includiihg industrial
 
and agricultural process heat, cogeneration (total energy), electrical generation,

and repowering existing electric power plants.
 

A.3.2 Technology Description
 

The primary focus of 
the solar thermal technology is the development of

three na"jor solar thermal concentrating collector concepts:. central receivers,

parabolic dishes, and parabolic troughs (Exhibit A.24). 
 Temperature capability,

technology and various application opLions are summarized in Exhibit A.25.
 

A.3.2.1 Central Receiver
 

In a central receiver system, a field.of heliostats (tracking mirrors)

focuses sunlight at concentration ratios of 
several thousand times onto a

receiver mounted on a tower. 
The concentrated energy absorbed by the receiver
 
can be transferred as heat to a circulated working fluid 
to power a heat engine
 
or provide high grade heat for industrial uses. Central receiver systems can
 
produce working fluid temperatures tip to 1700'C or more.
 

A.3.2.2 Parabolic Dish
 

A parabolic dish is a point focusing, two axis tracking collector that
focuses sunlight at concentration ratios of several thousand times onto a

receiver located at the focal point of 
a parabolic concentrator. Energy trans
ferred as 
heat to a fluid circulating through the receiver can be used directly
in thermal energy applications or used to produce electrical energy through a
heat engine/electric generator coupled to the receiver. A complete dish module 
can be used individually or in'multi-module systems. Parabolic dishes can 
produce temperatures up to 1700°C or more. 

A.3.2.3 Parabolic Trough
 

Parabolic troughs 
are one-axis tracking linear parabolic collectors that
concentrate sunlight approximately 30 fold onto a receiver tube positioned

along the focal line of the parabola. A worklIng fluid in the receiver, Is

heated by the concentrated sunlight and t.h[s energy is transported to the point
 
of use by the fluid circulating in a piping system. 
Due to lower'operating

temperatures of 100C to 315 0C, troughs are usually considered to be most
 

" suitable for industrial process heat applications.
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SOLAR THERMAL TECHNOLOGY 

NEAR-TERM MID-TERM L N -- ERM 
1980-1985 1985-1990 BEYOND 1990 

TEMPERATURE 2000 F - 1000 0 F 00 - 2000)F 2000 F 3000'F 

TECHNOLOGY P 
OPTIONS PARABOLIC TROUGH 

P77 E1IVER 

APPLICATIONOPTIONS LOW-TEMP IPHOPTION 
COGENERATION AND ELECTRICITY 

1 

,H -TEMP IPH 

,-J_.. A\D C,-E,!OALS PRODUCTION 

EXHIBIT A-25 
IPH Industrial Process Heat 



In addition to concentrators and receivers, most solar thermal plants- - -utilize- thermal-transport--and- have the valuablc- option f nclddihg theiiial . 
energy storage. 
 Storage can improve the system's cost competitiveness and can

be used to shift the plant's energy output to any time of day it is needed.
 
Thus storage provides energy on demand, not just when the 
sun is shining.". ",2ocomplete a solar thermal system, energy conversion subsystems and balance/f
plants are required. Energy conversion includes equipment related to a pant's
particular application, such as heat engines and heat exchangers. Balance of

plant includes the control subsystem, heat rejection equipment, buildings,

land, water quality equipment, and other subsystems required for plant operation.
 

Solar thermal systems can be built to"sati.sfy almost any desired capacity.
Dish-electric modules, each containing a heat engine, can produce as little as a
few hilowattsof electricity with a single module, or fields of these modules
 
can be assembled for larger capacity needs. 
 Large central receiver systems are

capable of generating 100 kilowatts and up to 100 megawatts of electric power
wltth potentially inexpens ve 
storage. Modular parabolic tro'igh systems have
 
been manufactured that can satisfy commerci'-i:or industrial process heat needs
over a wide range of temperatures (100°C to 400'C) and capacity requirements.
 

A.3.3 Technology Status 

The technical feasibility of 
solar thermal power generation has been demonstrated from time to 
time since the beginning of the twentieth century. OYe of
 
the earliest demonstrations of solar thermal power was 
in Meidi, Egypt during

1913 in which parabolic trough concentrators were used to produce steam to
 
operate 25 hp steam engine in an irrigation pumping unit.
 

Since 1975, first and second generation heliostats (tracking mirrors) were
designed, 
fabricated and tested resulting in significant performance improvement,

reduced manufacturing cost, and reduced mirror weight. 
A 10 megawatt electric
 
central receiver pilot plant facility was constructed in the United States and

is now operating and produces thermal energy at 510*C and 1465 psi using 1818
 
heliostats. The plant storage is designed to supply steam to 
the turbine at
 
275°C and 450 psi. The plant has produced powL- output as high as 12 MWe"and

is capable of providing electricity for a community with 10,000 houses. 
 Several

other central receiver systems have been built and operated in various 
countries

worldwide ranging in power output from 100 kWe to few megaw.tts. A 500 kWecentral receiver system located in Almeria, Spain,was successfully constructed"'
 
and operated by the International Energy Agency. Central receiver systems have
been constructed and operated in Japan, Australia, Italy, USSR, and Spain.

Also, a 750 kWe central receiver molten salt electric experiment in Albuquerque,
New Mexico is evaluating the technical and economic,feasibility of molten salt
 
as a heat transfer fluid. 

Parabolic dish technology development began in 1977. 
 A number of parabolic

dish concentrating collectors, receivers,' and engines have been manufactured
 
and tested. Parabolic dish designs 
are evolving toward higher operating

temperatures to take advantage of their potential high 
solar flux concentrations.

Based on the past research and 
development, a large scale cogenerat.ion facility

using 4i seven meter parabolic dishes was designed and constructed at Shenandoah

Georgia to supply the a'djacent knitwear factory with 100-400 We utput and_ 

o r
prcess'steamatsquare 74* f pressing fabric , iandfeet of floor space. ' The' system at 4300 for cooli g of 5 ,000can produce 626 kg/hr of process steam: 
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(7'4F)at 137 psi and can provide 257 tons of cooling (29°C water) for air
 
cc~nzditioning.-

Parabolic dishes can produce 15-25 kWe and 
can also be used as a single

module in a stand-alone/remote applications.' 
An 11 meter Vanguard dish-electric
7/K module has successfully produced up to 25 kWe at a gross efficiency of 31%,

making it the most efficient solar electric device in the world. 
A privately

funded parabolic dish project in the U.S. is near completion which will produce

4.5 MWe. In addition, several parabolic dish projects 
are in the planning -tage in
 
various countries such as Kuwait, Qatar, and Saudi Arabia.
 

The parabolic trough concer' is the most highly developed of the major
solar thermal technologies. It h/,s a well defined range of applications at
 
temperatures below 4000 C. Between 1975 and 1982, 
over 20 parabolic trough

system designs were fabricated and tested. 
 Early trough water pumping studies',

combined with trough R&D, led to 
three pumping (irrigation) projects at Arizona,

and New Mexico. These experiments established the feasibility of using solar
 
trough technology for irrigation applications. In addition, a series of about
 
30 parabolic trough systems were designed, constructed and operated in the U.S.
 
to deliver low-temperature air and water up to 
100PC and steam at 182 0C as well
 
as intermediate temperature steam at 215'C. 
 Collected process steam by these
 
experiments was used for~various applications including grain drying, car
 
washing, concrete block curing, commercial laundry, gauze bleaching, latex
 
production, and engine parts washing. 
 These parabolic trough experiments

proved the ability of trough technology to achieve an efficiency of 60% at
 
157 0C for industrial process heat applications. Also, a 500 kWe parabolic

trough experiment has been successfully constructed and operated at Almeria,

Spain by the International Energy Agency. 
A few other parabolic trough projects
 
are underway in West Germany and Japan.
 

A.3.4 Resource Availability
 

Solar energy availbility in Egypt was discussed in Section A.2."3.
 

A.3.5 Market Readiness
 

Solar thermal systems have the-potentlalto capture a share of the in
dustrial market with applications such as mecf'laanical pa'rts and car washing,

bleaching, air-conditioning, potato frying, beer brewing, latex production,

sterilizing, enhanced oil-recovery and oil refining. Parabolic troughs, which
 
are mainly low- to medium-temperature systems, are ideal for this market;

several complete parabolic trough systems have been installed successfully in
 
the field giving users first-hand experience. Due to these past efforts,
 
parabolic trough systems have entered the commercial marketplace. ,Other solar
 
thermal technologies are also expected to penetrate the process heat market
 
very soon.
 

The next area 
that solar thermal systems could be expected to penetrate is
 
electrical generation, in hybrid systems that use solar energy 
to repower or
retrofit a utility or industry currently using a fossil-fired system, or in
 
stand-alone systems. 
 Other solar thermal applications.-re for:cogeneration and
total energy systems, each of wb_$'j.h produces both heat" and electricity.. Central 
receivers, parabolic dishes, and to some extent,'1paraboiic troughs are all 
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potential 
candidates for electrical applications.
 

Several solar thermal systems have been constructed and successfully
operated throughout the world in the past decade. 
Some of these systems are

still producing,useful heat, and electrical energy for various applications;

providing valuable technical information; and validating existing solar thermal
technology to the potential users. 
 Solar thermal systems providing 25 kWe to 10
MWe have been successfully operated 
in various countries including the United
 
States, Japan, Australia, Spain and Italy.
 

A final use being studied for solar thermal systems is the production oftransportable fuels and chemicals from renewable feedstocks. This technology
has been investigated on a laboratory scale and several candidate processes havebeen identified. However, it will take many years to 
fully develop it on a
 
commerc/al scale.
 

A.3.6,/ Economic Viability 
 to 

Currently solar thermal technologies are too costly to be competitive with

conventional energy sources in the U.S. Advanced components and systems with
improved efficiency,and lower cost 
are currently being developed by the solar
 
thermal research and development community.
 

Parabolic trough technology has the most potential for being economically

competitive in the near term (1985-1990). Total installed systems costs 
are
about $750/kWt, making mid temperature industrial process heating using parabolic,

trough concentrators competitive in certain geographic locations with high
 
insolation. Present trough concentrators are approaching a minimum cost of

about. 
 Advanced trough concentrator systems have a potential for achieving
costs of about $400/kWt.. /i'I
 

Current costs 
for parabolic dish systems range from $8500/kWt 
to $1800/kWt.
Both capital and operating costs will have to be 
reduced considerably to make
,'his technology option economically viable in the near future. 
 Lower manufacturing,

field installation and O&M costs and increased parabolic dish 
system efficiency

are expected to 
reduce system costs to about $1300/kWe and $470/kWt by 1995.
 

Central receiver systems are technically feasible, however, the cost of
energy from initial plants is higher than the cost of energy from existing

fossil plants. 
 Heliostats comprise approximately 50% of 
the central receiver
 
system cost. 
 Central receiver plant costs are currently about $4 600/kWe and
$1300/kWt. Cost is expected 
to 
come down to about $1600/kWe and $460/kWt by
1995. 
 "
 

Parabolic trough systems are the most nearly commercially ready of the
three technologies. These systems can deliver 315C fluid at 
nearly 60% nominal
peak efficiency. Commercial end 
use sector applications now exist using trough

system to 
deliver heat for various industrial processes. Advanced parabolic
trough concentrators have a future development potential for becoming fully
 
competitive with fossil fuel.
 

Parabolic dish systems and 
central receiver systems are not economically

viable yet. Both technologies require continued research and development 
to
reduce costs and 
increase efficiencies. 
 aSolar
therml systems are most attractive
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in 	regions with good direct solar radiation over 1600 kWhr/m2 /yr.
 

A.3.7 Industry Status
 

The solar thermal industry in the United States consists of about fifty

companies involved in the development and manufacturing of solar thermal
 
components and services. They range from small high technology firms to large
 
aerospace and petroleum companies. In tile past decade, nearly all private

sales'and most private initiatives have been)for parabolic troughs. Only

recently, major private initiatives have been undertaken by the solar thermal
 
industry to promote and verify central receiver and parabolic dish systems in
 
the user environment. Industrial process heat and electricity generation are
 
industry's favored markets, and most purchases in the past were made by the
 
Government. Presently, industry is also concentrating their efforts toward
 
stand-alone, remote solar thermal systems development. 
Private investments have
 
also been made by electric utilitles In solar thermal technology development.

At least 15 large energy users, 6 electric utilities and 9 industrial firms
 
using process heat, are actively Involved in promoting solar thermal technologies.
 

Several other private companies involved in the design, production and
 
ins-tallation of the solar thermal equipment have participated in various solar
 
thermal _'-ojects throughout the world. In the past decade the following major
 
solar thermal projects were undertaken worldwide:
 

o 500 kWe central receiver and 500 kWe parabolic trough project sponsored
 
by the International Energy Agency and located at Almeria, Spain;
 

o 	 1 MWe central receiver and I MWe parabolic collector system located at 
Kagawa, Japan; 

o 	 1.2 MWe central receiver CESA-l project located at Almeria, Spain 
adjacent to the IEA solar thermal projects; and 

o 	2 MWe central receiver project located at Targassone, France.
 

In addition, solar thermal iidustry is continuing its efforts to develop

innovative, reliable, low-cost, high-performance solar thermal electric and process
 
heat components and system concepts to promote the widespread use of the various
 
solar thermal technologies.
 

A.3.8 Current Solar Thermal R&D Thrusts
 

A major R&D need generic to all solar thermal technologies is improvement
in the cost/performance ratio of the concentrator. Low-cost, high-performance 
concentrators will require the development of stable, lightweight, long-life
 
reflector materials as conventional materials are heavy and expensive. 

Besides the generic R&D needs, there iLce specific R&D needs for each '
 

technology. For trough systems, a number of technical problems remain, although
 
a number of well-designed commercial products and systems are available.
 
Improved foundation techniques, advanced receiver structures, advanced drives,
 
insulated hoses, trackers and control systems, are needed to bring the trough
 
technology to a final state of development.
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For -parabolic -dish thermal-systems,.-development of a technically-and
economically feasible energy transport system, to carry the heat energy collected

by each dish concentrator in the field of 
concentrators to 
a central collect ion
 
point for end use and/or storage, is the most critical technical problem. In
 
ijish-electri& systems'where thermal transport is 
not a problem, R&D is needed
 
to develop more efficient and reliable heat engines.
 

For central receiver systems, development of high temperature components

that can provide system operating temperatures of greater than 5380C is needed.
 
The components include receivers, heat exchangers, and components for energy
 
storage and transport.
 

Also, current R&D thrusts for solar thermal technology includes
 
development of innovative solar thermal concentrating concepts; research on
 
system automation for stand-alone and remote applications; and development of
 
efficient high-temperature heat transfer fluids.
 

A.3.9 
Relevant Experience in Egypt and Other Countries Using High Temperature
 

Solar Thermal Technology
 

Egypt
 

a. 	The Solar Energy Laborarory, National Research Center (Dokki, Cairo), 
estab
lished in the early 1970's is the main center of solar research in Egypt. It
 
has been involved in various experimental and moderate scale solar thermal
 
projects:
 

1. 	A power generation project in cooperation with the U.S. under a renewable
 
agreement (January 1975-June 1978) 
in which the collector array is made
 
up of three heliostats having a total 
area of 108m 2 , with paraboloidal
 
concentration. Steam is produced at 220C 
under a pressure of eight

atmospheres. The steam drives a turbo generator (Terri turbine) capable

of producing up to 5 kWe.
 

2. 
A power generating project in cooperation with West Germany (Dornier
 
Company) under a renewable agreement (Deember 1976-1979) operated
 
a site which extended over 
an area of 8000 m2 with Cylindro-parabolic
 
type collectors producing hot water at 
110C under six atmospheric
 
pressure.
 

b. The Ministry of Electricity and Energy (Cairo) in 1976 formed 
a "Solar Energy

Commission" which was replaced in 
1978 by the "Supreme Council of Renewable
Energy Sources," which administered several solar projects including a 5 kW/solar
 
pump with a freezing and cooling unit.,
 

c. 
 The Faculty of Science of Cairo University established an educational solar
 
energy laboratory in 1978 and also offered a solar energy course at 
the Master's
 
level.
 

d. At the Physics Department of the American University (Cairo) work related
 
to solar energy development has been undertaken.
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e. In the Electrical EngInerIng Department of Al-Manjurah University, theor
etical work on collectors for power generation has been undertaken. 

f. Insolation in Egypt is recorded by the Department of Meteorology. 

g. Several other experimental and hasic research studies on the laboratory
scale are being conducted at various Egyptian Iniversities. 

h. Exhibit A.26 is a representat ive list of countries having activities in 
high temperature solar thermal technology. 
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EXHIBIT A.26 

COUNTRY 
 PROJECT 


1. Australia Solar Power 


Station 


(meeka Tharra) 


2. Corsica 
 Solar Power 


Plant 


(Ajaccio) 


3. Egypt 
 Thermal Power 

Project 


4. France 
 Solar Power 

Plant at 
Targasonne 

5. West 
 Process Heat 

Germany 
 Generation 


6. Israel 
 2 Solar 

Heating Plants 


7. Italy 
 Solar Plant 

EURELIOS 


(Adrano, Sicily) 


COUNTRIES HAVING ACTIVITIES IN SOLkR THEPRMAL 

POWER POWER 
 START 
OUTPUT 
 SOURCE DATE 


100 kW 
 30 Concen-
 1981 

Vrating 


Collectors 


300 kW 1200m2 seg- 1982 


'ented mirror
 

he 1iostats 

(CEA)
 

10 kW Cylindro 
 1982 

Parabolic 

Collectors
 

2.5 MWe 
 200 heliostats 1982 

each 74,m2 and 
array of 800m 2 

Thek bowl-type 

collectors 

2-4 MBtu 
 "AN Concen-
 1982 

of steam. trating
 

Collect-ors
 

Parabolic 
 1981-82 

Trough 


Collectors 

(LUZ Inter

nat ional) 

1 MWe 
 112 MBB type 1981 

heliostat 
each 

24m2; 70 cethal 


type heliostat
 

ea ch -)4M-.
 

TECHNOLOGY 

'FONSOR/ 
(:zIENT 

State Electricity
 

Company of Western
 
Australia (SECWA)
 

COMES
 

Solar Energy
 
Commission (SEC)
 

OMES and French 
Age ncy for the 
Managemnent of 

Energy (FA ME) 

EEC
 

Gibor Textiles
 
SILK Association
 

Italian State
 
Electricity Co.
 
(ENEL)
 



EXHIBIT A.26 COUNTRIES HAVING ACTIVITIES 

COUNTRY 


8. Japan 

9. Japan 


10. Kuwait 


11. Qatar 


> 12. Spain 

ICESA 

13. Spain 


14. Spain 


15. USA 


16. USA 

17. USA 


PROJECT 


Sunshine 

Project 


(Nio-Cho) 

Solar Thermal 

Plant (Nio-Cho) 


Solar Thermal 


Power/Desalination 


Plant 

Desalination 


Plants 

Solar Plant 


(Almeria) 


Central Receiver 

SSPS Project 


(Almeria) 

Distributed 


Collector SSPS 

Project (Almeria) 


Solar Test 


Facility 


(Albuquerque)
 

Solar One 

(Dagget t, 

California) 

Industrial 

Process leat 
Projects 

POWER 
OUTPUT 


1 MWe 

I MWe 

100 kW 

-

1.2 MWe 


500 kWe 


500 kWe 


5 MWt 


10 MWe 


Various out:-


put levels of 
process steam 


IN SOLAR 

POWER 
SOURCE 


807 Heliostat 
2
each 54m
 

124 Parabolic 

Collectors
 

Parabolic 


Collector
 

Parabolic 


Collectors 


300 heliostats 


2
each 40 m

93 heliostats 
eache, 4Om2n 

Parabolic 

Trotgh
 
(Acrex & Man)
 

222 heliostats 


2
each 35m
 

1818 heliostats 

each 54m2 

Parabolic 


troi ;h 
collectors 

THEICIAL TECIINOLOGY 

START 
DATE 


1981 

1981 


1981 


1982 


1981 


1981 


1978 


1982 


1975-1982 


(Cont.) 

SPONSOR/ 
CLIENT
 

Covernment 

Government
 

KISR
 

Industrial 

Development 

Technical Center 

Spanish Industry 

, s 

1nternatfonal 
Energy Agencyr y A e c
 

(IEA)
 

IEA 

Energy Department
 

Energy Department
 

Energy Department
 



A.4 Geothermal 

A.4.1 Operating Characteristics 

Geothermal fluids from hot springs or wells contain beneficial heat which
 can be used directly or, if the temperature is high enough, be converted 
to

electricity. Geothermal systems 
are very site specific; their temperature and

available flow rates are dependent on 
the specific reservoir. Transportation of

fluid over long distances is generally not cost effective. For electric generation,

geothermal plants exist in sizes ranging from 50 kWe 
to over .100 MW. They produce

AC power with standard electrical generators and are not subject to diurnal or
 
seasonal variations.
 

A.4.2 Technology Description
 

Geothermal energy, the natural heat of the earth, has been used by man forcenturies. Earliest applications used the hot waters of 
thermal springs! for

cooking, bathing, and space heating in many areas 
throughout the world. The

production of electricity from geothermal steam was 
first attempted in 1904 in
 
Larderello, Italy. Today, geothermal energy produces over 3700 MW of 
electricity

in 15 countries and is used in countless direct applications of geothermal heat.
 

There are four: primary technologies which produce electricity from geothermal

resources: dry steam,flashed steam, binary cycle, and total flow systems.
 

Dry steam can be found only in 
a limited number of locations in the world
where geothermal fluids exist naturally as 
water vapor. In this case, saturated
 
steam in the reservoir is tapped by geothermal wells and becomes superheated as
 
it flows up the well to the surface. The steam is piped to the power plant

where it expands through the turbine to a condenser on the other side. The
turbine shaft is hooked to 
a generator to produce electricity. The liquid

recovered in the condenser can be disposed of 
on the surface, if it is environ
mentally acceptable, or.it can be reinjected into the reservoir via an injection

well. 
The most serious problems with electric production from vapor dominated
 
systems 
are related to health effects and corrosion caused by non-condensib'le
 
gases which escape from the vapor ar it expands and cools.
 

High temperature (>150'C), liquid dominated geothermal reservoirs can be
used to generate electricity with flashed steam systems. The liquid -brine is
flashed at the surface by reducing ite. pressure in a "flash vessel," where part
of the water then turns into steam. In some cases, the brine actually flashes
 
in the wellbore, thereby requiring only a steam separator at the surface. 
The 
steam phase is fed to a turbine iere elect ricity, is generated, similar to dry
steam energy conversion. The liqii/d portion of the fluid is usually disposed of by
reinjection into the ground. 
A major problem in flashed steam systems, especially
those which utilize brine with high dissolved solid5 content, is the deposition
of silica and calcite in the wellbore and steam distribution system. 

Binary cycle (or organic Rankine cycle) technology can use medium temperature
resources (90'-150*C) to 
generate electricity. The',geothermal fluid flows, or'
 
is pumped, from the production wells into a heat exchanger where 
the heat is
transferred to a secondary fluid, such as freon or i'sobuane. These fluids,
with their low boiling points, will vaporize in the heat transfer process. The 
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vaporized working fluid is then exiaind, through the turbine and is condensed
 
upon exit. it is subsequently ret urned to the heat exchanger, completlug 
a
 
closed cycle. The spent geothermai lluid from the heat exchanger is rein jected
 
into tie ground. The working flunid lever cones 
 Into contact wth the geothermal
 
brine, elimlnat:tng corrosion pr,,b
r h.,:; in th power c'e . The brine Isa not
 
permitted to flash Into f;te.I tl q !ii ling tin' deposit ion ato sol ids In the
 
sys tern.
 

Total flow geothermal systm 
o Id the brine from the liquid phase 
directly without the Intermedinrate iFc:.; of flashing It Into steam. By avoiding
 
the losses in the flashing and .'gi , ,, proc';sses, total flow expanders have
 
a higher theoretical efficiency. Ti.I, arc a ntllbel of expander types whtc11
 
may be used in total flow systemne,,, iK . axial Ilow turblus, Frances turbines,
 
Pelton wheels, helical screw ,xina 
 ,et, , irt. 'These ,y;;t emsa; r primanrily, being
 
constdered for higih tempier't-ur,. ( C) ap l i,'at foil.;
 

The dilct geothermA o ,
use of energy de liver; heat from a geothermal flu id
 
to any process requirlng it . (Aeiiral y, tle temp,.erature is;limited to the
 
wellhead temperatur-e, althouglh .suppI elLr,,y
0' heat ing by fossil or otl er fuels has 
beer used in ce rta i n cases. Mo;t d iI-,.ct appl I cat fons of geso'~ rlia energy use 
low temperature (9OC) r'sourc'; which canno be used to generaite electricity.
 
There Ls no technical reason to limit di rect u.1;,to 
thi tetperature range. 

The advantages of geoth r :il ,energy, from a technical standpoint, lie
 
primarily in the form of energy oatpH 
 ael the relatively low level of sophis
tication of the technology. Electricity and heat derived trom geothermal
 
resources 
are constant, rell ole suppllies;, su [table for local use or for connection 
to the grid. From a technology stand point, oil and gas experience is directly 
applicable to geothenal energy ext coti on In drilling, well completion, and
 
surface transport of 
 fluids. the coo';t. oruction and operation of geothermal
 
power plants is similar to that oV h);''ll',ilectric or conventional steam plants.
 

'rite primary disadvantage asso ci at ed with geotihermal energy Is related to the 
resource itself. Success ful utilizat iol of geothermal energy requlres a reservoir
 
of adequate size, temperature, and 
ppr eabillLty. Often, expensive exploration
 
programs will fail. 
to locate resoui rce: adequate for the planned use. In addition,
 
the use of geothermal energy for proce ,;heating applications requires 
the end
 
use to be near the wells, a fact which may not he possible in some remote
 
locations.
 

A.4.3 Resource Availability
 

Recent studies investigated the availability of geothermal energy in
 
Egypt. These efforts found no Indication of high temperature (>150'C) geothermal

systems in the region. Evidence does support the possibility of medium enthalpy 
(>90'C) geothermal systems along the Red Sea coast.
 

The most favorable zones for geothermal exploration exist along the 
border of the Gulf of Suez. Hot sprinigs along the eastern shore and in the Sinai 
have surface temperatures as high as 7"C. This zone could extend as far west
 
as Cairo and the Favoum oasis and Wadi 
Natrum areas based on geochemical data, 
extinct geysers, and historic seismic~ty of these areas. 
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Investigations in the Wrstri n Ds; 
hydrothermal systems but water from irp 
applications of geothermal energy. Deep 
in the range of 35-4 5 C underlt mlc ni 
exists that similar aquifers ma' xi i;t in 
and the Red Sea. 

rt do not Indicate the existence of 
lying aquifers could he used in direct 
artesian aquifers with temperatures 
th,. Western Desert. Some evidence
 
the Las terin Desert between the Nile
 

The Jebel Uwernat area of sout hwes;t Egypt has undergone thermal activity
in the recent past, as evidenced b, eixtinct geysers in the 
 region. The remoteness
of this area most likely preclude th. exploitation of any geothermal resources
 
which may exist.
 

A.4.4 Economic Viability 

The economics of geothermal energ'y is strongly dependent on resourcecharacteristics such as temperat ar,, de'pth, possible flow rates, and brinechemistry. Other important cost factoir Include accessibility of the resource
and rock hardness. Before any sp.i fIfi costing of a project can he performed,
exploration is needed to adequatt,,lv dUfffin thvt geothermal reservoir. A numberof projects have themet d(lo ,lc Q in vesting subs tantial funds In drilling
only to be forced to terminat, hi. prj vt when sufficient geothermal resources 
could not be located. 

Exhibit A.27 gives Installation c.st estimates for geothermal energy extraction. These values are calculated for projects assuming resource exploration 
has been completed. 

EXIlBIT A•27
 

ESTIMATED INSTALLATION COSTS GEOTHERMAL
FOR ENERGY CAPACITY 

Well Drilling 


Plant Costs 


Total 


Typical Operating Factor 


Net Total Cost 


Project Life 


(1983 $) 

Direct Use 


$6-37/kWth 


$4-15/kWth 


$lO-52/kWth 


.4 


$25-130/kWth 


10-15 yrs. 


Binary Electric 


$228-492/kWe 


$718-1129/kWe 


$946-1621/kWe 


.65 


$1454-2494/kWe 


20-30 yrs. 


Flash Steam
 

$171-369/kWe
 

$513-923/kWe
 

$684-1292/kWe
 

.65
 

$1052-1988/kWe
 

20-30 yrs.
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A.4.5 Industry Status
 

Ignoring vapor dominated geothermal systems, which exist in only a few
places in the world, there are thret, technologies which can produce electricity

from geothermal re6ources: oshed
f S team, binry CyCle , and total flow. 

Flashed steam technology ,:,neyfllf Iy provenl and exist-s in many places

througho Ut the 
 world. It is pr I Il-asorcit 0( wit h high t empt ratore resources
 
(>150 C).
 

Bina ry cycI technology le; hn proven commerc Iall Iy success ful In generat-ing
electricity from temperature; ; I ,w as I09"C for sinal scale unit s (<10 MW)


A 50 MW project i ui; ii, inry t echnology, 5 ponse red by the J.L .
 demous trotio O11 


epartment of 
 Energvy, is schediil d (,'rotnem on--fLine in mid-19, 5 at ileber, California.
F'i eld tests have also been cooi!ti,.tt.d r tifn; elect- :.c ty with w,.I head 
temperatures as ltw as 81 'C but la'o, t ,sts f-] I short of demons;troti 1', co;n'trcfal

fea:;lb IIity. 1.'utftr rInf nellie i t a! ao -b iI ug binary techinology ,is antr Icpatod

Iln the ne ar future,
 

'otal flow o'stens for ei, ct ic productifon have been subjected to cansiderable
laboratory tests but have undfergpon, oafly li mlted evaluation in the field and no
commercial applicatfona are umHi leiil. Moo;t: tensting has centered around systems

for high temperature frfL les ('30C.) "
 

The direct use of geothiroal energy is a commercially proven technology

with innumerable project:s e.-:ist:1,i t:hr ljmghmott the world.
 

The structure ot the geothermal industry is set by the three ma jr phases

which make up geothermal exploratl inii and development. These are resource
 
exploration, field development, 
 aiii t'lld-use. 

The exploration for geot:h -rmit tonergy Is performed by a wide range oforganizat ions including ssmaill an1d lirge exptloraton companies, government

agencies, an( universities. The 
 tool1; and techniques of geothermal exploration 
are essentially those of petroleum and mineral exploration. These include
 
geologic mapping, geochemical sanif i~g, remote sensing, 
 surface geophysical
techniques (such as seismic, magu,t icl, gravity, anfd electrical surveys), and
 
test well drilling.
 

Geothermal field development includes well drilling and completion as well 
as the construct:ion of surface fItii[d distribution systems. This technology is 
very similar to the development of on oil or gas field. Geothermal well drilling
and completion, with the except)i of high temperature applications (>1500C),
is performed with essentially t:hla same dril ltng rigs and hardware used in the
petroleum industry. The surface fluid distribltIon System is, again, very
similar to that in the oil and gas industry. As a result of these similari ties
between f ield devel opment technol ogy In the two industries, much of the same 
infrastructure has emerged. The f iod developers (of ten private or government.
owned oil companies) hire contractara to supply equiplmlent and services to drilI
the well, much as they would In dril flng for petroleum. The drilling contractors 
and service companies are, In most cases, the same companies which operate in 
the oil industry.
 

For electricity prodiction, geothermal power plants are designed and built 
in the same manner and by the same archl tect/engineering firms as other energy 
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generating plants. 
Turbines, heat exchangers, and other plant components are
supplied by large manufacturers which also build and sell the components of
fossil, nuclear, and hydroelectric power plants. 
 The direct use of geothermal

energy generally requires nothing more 
than a conventional water distribution
 
system and suitable heat exchangers.
 

Geothermal technology for energy extraction and utilization is very similar
to conventional energy technologies which exist in Egypt. 
HMost hardware would
probably need to be imported from foreign manufacturers. Technical assistance

would also be required to familiarize conventional energy personnel with geothermal
technology. 
As geothermal energy is primarily an application of conventional

technologies to a different energy source, it 
should be well adaptable to a
country, such 
as Egypt, which has experience in the conventional technologies.
 

A.4.6 Current R&D Thrusts
 

A substantial amount of geothermal 
research is currently ongoing in the U.S.,
Europe, Japan, and New Zealand. 
Efforts include the improvement of geothermal
exploration techniques, extending existing drilling technology and instrumenta
tion to higher temperatures, increasing the understanding of the behavior of
geothermal reservoirs, and handling and treating highly corrosive geothermal
brines. Research is also being performed to 
improve energy conversion techniques.
The goal of all of 
this research is primarily to 
reduce the costs associated
 
with exploration and exploitation of geochemical 
resources.
 

In addition to R&D being performed 
to enhance current capabilities, major
projects are underway to demonstrate the large scale use of binary energy

cPnversion systems; 
to extract useful heat from low permeability, low porosity

formations; and 
to directly tap the energy potential of shallow magma chambers.
 

The U.S. Department of Energy and a consortium of utilities and other
organizations are building a commercial scale (50 MW) binary geothermal power.

plant at Heber, California, U.S.A. 
The objectives of the project are to demonstrate the potential of moderate temperature (below 210*C) geothermal energy to
produce economic electric power with binary cycle conversion technology, and to
establish schedule, cost and equipment performance, reservoir performance, and
 assess the environmental acceptability of such plants. 
The plant will be the

first large-scale power generating facility in the world utilizing the binary

conversion process. 
It is expected that information resulting from this project
will be applicable to 
a wide range of moderate temperature hydrothermal reservoirs, which represent 80 percent of geothermal resources in the United States.
 
Construction began in late 1983 and has progressed on schedule. 
 Turbine roll
is set for May, 
1985 and full brine flow will be available by May, 1986.

Following acceptance tests, the plant will undergo a two year demonstration
 
period where extensive operational testing willj 3e performed to provide 
a
 
technology base 
for future full scale binary project.
 

Major R&D efforts are also underway in the U.S., the U.K., and other
countries to 
extract heat from formations which contain very little or no
situ water. In this technique, two wells 
in
 

are drilled relatively close to each
other and fractures are then artificially created in 
the rock to connect them.
Water is pumped 
down one well and through the fractures, where the natural heat,,of the formation is transferred to the fluid. The heated water is 
then extracted
 
at the second well. 
This is generally referred to 
as "hot dry rock" geothermal
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and wakes possible the extraction of energy In cases wh ere suffic!ent waterdoes not exist in the formation. 1hi ruchin logy has been demonstrated a-:technically feas ible, hut manyi qest ions r eii; in 	 c oncern! h1f, fecaI ics and l[g,term performance. it will pot b,,v h", several yar; hi.for, 
l 

C mrcal application 
is possible.
 

The engineerin, feasibI i 
 I a:t raycting enorgy from moltenI ma ers1$I}mag th amnIs another project being undert akOt by tle 	 1. S. Depart ment of Energy. The program is designed to verify the x I. 	 t tutca of elected .hal K w magma bodi v;, todevelop suitable drtl ing techotolu',v toIgain access, to a magma chamber, and todevelop the methods and technol>,v tor extract tng the 	available energy. ltimately, a well will be dr illed ioto A shallow (,ICnkm) natma body, and energyextract 	ion experiments wi I Ibe rsoait ed . Work on this pr-oject 	 com:mnrced i aearly 1984. Current planning anti cfpates the, determination of ec:onomic andengineering feasibilitv by l)0 	. Co:m:,rc a ajpplication would probably not 
occur until the 21st c entury . 

A.4.7 	 Relevant Experience in Egypt Using Geothermal Technology 

There has been no effort to develop geotharmal resources in Egypt todate. A number of investiga tton: not specifically dircted at geothermal
exploration have provided some unolPAdg. n development potential.
 

The Nattonal Scfence Foundft ion of tihe 11 ted States 
 sponsored a programin the 	 late 1970's to study "Th Egypt in Section of rhme Afro-Arabiani PlateBoundary and Tectonic, of Egypt. .As 
 of Ia part this e tort, several invetigottoin:s 	 of heat flow and thermal gradients yielded v.1luabe information on the
geothermal 
resource potential of Eg;p,t. E.:hibit A.28 outlines worldwide geothermal
 
projects.
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EXI13IT A. ', WORLDWIDE GEOTItERMAL PROJECTS
 

North and 
Central America ProjectsUnderway 

Costa Rica Deep production 

Miravalles 

well drilling at 

Guadaloupe 6 MW plant und-r construction at 

La Boil lante 

Cuatemala Planning 15 MW plant 

1986 

at Zunil for 

Exploration at Amatitlan 

Mexico Expansion of Cerro Prieto Power 

Station. Drilling at Los Azufres 

and Los lumeru; 

Nicaragui, Drilling for Mm;,colmo 

Exploration at El }Hlyo 

expansion. 

Panama Geothermal reconnaiissance 

El Salvador Exploration at Chiptlapa 

United States Approximately 80 geothermal wells 

drilled/year. Extensive explora-
tion ongoing 

Africa Projects Underwav 

Ascension Island Exploration conm)!,., funding 

requested for pwer plant 

construction 

Djibouti Drilling 6 expi oat ion wells 

Kenya Expansion of O1arie project, 

exploration at Ejiorru 

North Yemen Drilling geothermal exploration 

wells 

ExistingInstallations
 

6 operating power plants,
 

425 MW
 

35 MW plant at Momotombo
 

95 MW on line at Ahuachapan
 

Over 1400 MWe on-line.
 

Over 200 direct use pro-

Jects existing
 

Exist.ng Installations
 

2 15 MW power plants
 

operating at Olkarie
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Asia 	 PrEr-.ts _n:lr-a -

China 	 Expansion of Ya :i, ia ) n wer 

proj ect 

Direct use studv near Beijing 

Japan 	 Exploration, dri i . 11annin 

for additiona ',r plants 

Thailand 	 Exploration drillI in, at San 

Kamphaeny 

Au str. Iia and 

South Pacific 	 Project's Underway 

Ind iesia 	 Exploration and drilling in
 

various re io s 


Expansion of Kam )jaug Power 

P lan t s 

New Zealand 	 Exploration at ()halki and other 

areas 


Philippines 	 Power Plant expansion, drilling, 


exploration
 

South America 	 Projects Underway 


Argentina 	 Exploration well in Copahue Field 

Peru 	 Shallow drillin, exploration 

Europe 	 ProjecoL Underway 

Azores 	 Exploration for low temperature 


resources 


Denmark 	 Drilling for district heating
 

derons tratimi ,t I i ted
 

Belgium 	 Exploration i,'r low temperature
 

resources
 

France 	 NuTmerous; direct use demonstration 

projects
 

Germany (F.R.) 	 Direct use demonstration project 

Hot dry rock R&l) at Urach 
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Ii units, t,)L-Jin,nh,, 

8 plantE, operating, 115 MW 

Numerous direct heat 
applic a tions
 

Existingy Installations 

30 MW at K:mo.aI" 

2 MW at I)ieng 

157 W on-line at Waira 
10 MW at Kawerau
 

781 MW on iine in 4 	 regioqn' 

Existing Installations
 

Existing Installations 

3 MW welIhead unit 

greenhous e 



Europe 

Great Britan 

Projects tUnderwav 

Exploration for low temperature 
resources 

Greece 

Hot dry rock 

Construction 

at Milos 

kfW 

of 

at Cornwall 

2 M1IWpuwer plant 

Italy 

Exploration on 

2 15 MW plants 

Nisyros 

under construction 

Iceland 

Suaden Direct use heating plant 
construct ion 

Turkey 

USSR 

Hungary 

Expansion f IK:ildere field 

Exploration 

Experimental hot dry rock 

research at Nuftekumsk and 
Mutnouskaya 

Yugoslavia 

Existing Installations
 

42 operating plants
 

472 MW
 

Numerous direct use proje t5 

including district hLvtim, 
in Reykevik .41 MW clectri ' 

capacity (SuartSeugi,
 

Krafla fields) 

.5 MW at Kizildere,
 

greenhouses
 

11 MW plant at Pauzherka
 

Numerous direct use
 

projects
 

Numerous direct use
 
projects
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A 5 Biomass (4, 

A.5.1 Operating Characteristics
 

Biomass fuels provide almost 15 percent of the energy used worldwide,
mostly through the direct combustion of wood. 
 Half the people in the world

today are using bomass to meet 90 percent of their energy needs for cooking
and heating. 
The Egyptian rural population depends.,upon bio-fuels to meet 50
 
percent of their en'ergy needs. 
 In the U.S., biomass supplies almost as much
 
energy as nuclear reactors or hydroelectric plants.
 

In urban areas, sewage is typically collected through existing networks

and thus is available for feeding into anaerobic digesters. The biogas can either
 
be burned in internal combustion engines to generate electrilcity, or the carbon
 
dioxide removed and the methane used as 
fuel for automobiles or sold to local
 
gas utilities. 
On-farm digesters utilize animal manure and agricultural residues
 
to supply farm energy needs, such as 
heating and electricity., Fami!y/village
size units may also prove feasible in rural settings using a combilation of
 
human wastes, agricultural residues and manure. 
Village electricity needs can
be met 
or the gas piped short distances to villagers' homes for use in stoves.
 
Raw biogas typically has a hfating value of about 18,600 KJ/m3 
or half that
 
of natural gas.
 

The potential for local design,, construction and operation of biogas

production systems, including domestic, community or 
industrial (e.g., waste

disposal) systems, is high within Egypt. 
 Problems with digesters can often be

solved relatively easily with a little basic know-how and repairs do not pose

extensive requirements with respect 
to labor and parts. Furthermore, large

energy storage systems are not necessary, as 
with wind a'id solar systems for

example, since biomass resources are not intermittent in nature but can produce
 
energy on demand.
 

A.5.2 Technology Description
 

Biomass is organic matter derived from plants and animals. There is no
 
single biomass energy technology, but 
a number of biomass production techniques

and conversion technologies that are 
interrelated in various combinations.
 
Biomass resources include wastes 
and by-products from industrial and agricultural

processes, plus biomass produced specifically for conversion to 
energy.

'The resource base includes: 
 (1) wood waste from sawmill and logging operations;

(2) residues and wastes from agricultural, forestry and livestock operations;

(3) by-products from the food processing industry; (4) grains and sugar crops;

(5) municipal solid wastes and sewage; and (6) woody, herbaceous and aquatic 
crops grown specifically for conversion to energy.
 

Biomass can be converted to solid, liquid and gaseous fuels through
biochemical and thermochemical processes. The resulting energy. products can be 
used by residential, commercial and industrial consumers for heat, power and
fuel; by utilities for electricity production; and the chemical industry for
petrochemical substitutes. Exhibit A.29 iillustrates 
the biomass energy production
 
cycle*
 

, he bio-energy technologies most used in rural areas of developing
countries include thp burning of 
agricultural wastes in open-fire stoves
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EXHIBIT A'29
 
CYCLE OF BIOMASS ENERGY PRODUCTION 

GO Poto$ utbasis ~ 0 

Resources Crops, forests, enersy fgy.. , 
animal & oultr other psnts 

d ,f.d. Harvest &1 Agricultural & 
Flbers Collection Asro-industriAl

J Processes |
 

aiomas Wastes residuesRes.ource fuel crn s 
Isource ,- Products 

Drying, d njlcation, mite 
reuction, pelleciation, Pretreatnt 

h drolus a rtion &c.
 

Trh a] ochecal 
 E .traction
 

Combustiol, Yer'entatlon 
 Physical Conversion
Pyrolysis 
 Anaerobic Liquid/liquid Processes
 
Gasification 
 digestion

Charcoal prod'n Biophotolyals
 

Fuels 
 Power Chemicals
 

Sy'g. 
 at. 

.~Id:lgtn alCohoi,throl. Poctiit Ierilizere
Cookig Hea
Irr~st/n 

Gaes blogR &,c. yng


PoMeralsse
 

alchol ...
 

A. DomesticLt

2 M~ t- Transpor 

Au 

AL.
 



and ovens for cooking and heating, anaerobic digestion to produce biogas and
 
<fermentation to produce ethanol.
 

A.5.2.1 Direct Combustion
 

Combustion of biomass in open fire stoves is thermally inefficient (< 10%), 
although design improvements could double the efficiencies of cooking stoves. 
Although agricultural residues or municipal wastes could be used as feedstocks 
in incinerator/steam turbine systems to produce electricity, the associated 
economies of scale make it uneconomical to operate small units. Thus, use of
 
this technology is often restricted to areas of high population concentration.
 
A possible exception involves the industrial use of residues where the feedstock
 
components are separated for use on-site (e.g., as in processing sugarcane)
 
leaving the residue for use as a low opportunity cost fuel.
 

A.5.2.2 Anaerobic Digestion
 

Biochemical conversion processes utilize microorganisms which break down 
biomass feedstocks into simpler compounds, giving off energy in the process.
 
Anaerobic digestion and fermentation are two microbial degradation processes
 
used for the production of bio-fuels.
 

Anaerobic digestion provides an energy-efficient method for converting
 
very wet or otherwise low-quality biomass resources, such as municipal sewage
 
and animal manure. Exhibit A.30 shows the characteristics of several anaerobic
 
digester systems. Gaseous energy products are readily separated from the liquid
 
component and relatively unsophisticated technologies are required. In an
 
anaerobic digester (essentially an enclosed gas-tight tank containing an aqueous
 
slurry of biomass material), the absence of oxygen and temperatures between
 
35*C and 60*C favor bacteria which decompose the feed into biogas, consisting
 
of 50%-70% methane, with most of the remainder as carbon dioxide.
 

The biogas formation rate depends on the feedstock retention time, pH
 
(optimum between 6.8 - 7.4), temperature and nature of the substrate. Cellulosic
 
materials, such as crop residues and municipal solid waste, produce biogas more
 
slowly than sewage sludge and animal manure. Various aquatic plants and wet
 
food processing waste, such as those from cheese and fruit processing, are well
 
suited for digestion.
 

Anaerobic digestion involves a number of different bacteria and the exact
 
biochemical processes and relationships are not yet fully understood. The
 
basic reactions are as follows:. (1) decomposition (hydrolysis),of plant and
 
animal matter 'into useable size molecules, such as sugar; (2) conversion of the
 
decomposed matter to organic acids; and (3) conversion of the acids to methane.
 
At least two different types of bacteria are involved., The methane-forming
 
bacteria (methanogens) involved in step (3) above are especially sensitive to
 
changes in temperature, pH, or the presence of toxins. The necessary bacteria
 
may be present in the feedstock (as with cattle manure) or they may be introduced
 
into the reactor upon start-up. Biogas production begins within a few days
 
although ,comPlete stabilization may take months. 

The energy conversion efficiency in digesters is typically about 50 percent,
 
with the remaining energy used in bacterial cell growth and respiration and
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EXHIBIT A-30
 
ANAEROBIC DIGESTER SYSTEMS 

| 
". 

Type of system Application andinputs Scale, Stage of development 	 Advantages Disadvantages.
Landfill Existing and planned landfills 2x 10' tons of Commercial tor "as is" Low cost. tanks not re- Gas generalion may la-. onmunicipal solid wastes, waste and up land ilis. controlled land 	 quired, high loading rates 10 yeairs in "as is 'ae."sewage sludge, warm (28-acre tilling in plot stages possible, no moving parts tills gas usage onsite ma,climates landfill)Single-lank plug All lypes of organics. farm 	 prestn! prooemSmall to large Commercia, Low cost. simple design Low solids wastesrm a,flow and feedlot operations can run high solids stratify 

wastes can have gravity
 
Mullilank batch Can accept all types of feed and discharge
 

system 	
Small to rarg-- CoimerUa inAsia Simple low maintenance. Gas generalnn no,wastes, limited appl:cation low cost, complete ciges- continuous laco-i'ntensivcrop residues. grasses, lion o materials teed and discha,ce iov. gachicken broilers, turkeys

Single-lank 	 pioauction pe, oaAll types of organics sewage Small to arge Commercial Proven reliatility. works Greater input enerj toru
complete mix treatment. farm and teedlot.

municipal solid wastes 	 well on ah'types ot rixers nighe., cos: .tIanr
Anaerobic contact Sewage sludge and other Medium to 	 wastes plug 1lov,Commercia' for sewage 	 Smaller tank sizes. 7wo tanv.s necessaryorganics. limited application large treatmenl operation not overly

(see variable feed)Two or three phase Cellulosic feedstocks 	 critical'Medium to Pilot scale 	 Allows more complete Feed rates vary witnlarge 	 decomposition, greater feedstocks have nr' Deer 
gas yields, greater load- allemptec full scale eoue 
ing rates lower retention light controls anc mana.-

Packed bed Dilute organics-sewage. 	 limes ment of Ine operato-, "Medium to Commercial as waste 	 High loading rates Tends to clog wt' oa.icfood-processing wastes, large treatment technology 	 possible, short retention particles. limilea to olevery dilute animal wastes- limes wastes
industrial and commercialExpanded bed Dilute organics-sewage. Undetermined Labori;ory High loading rales low Nct develobec,. Migr eleg,food-processing wastes. temperature dlgestlon input to ope'ale pump: r,cvery dilute animal wastes high quality gas short operating caia
 

Mixed bed Sewage sludge, animal Small to large Pilot scale retention limes
Fast ltroughpuls, high Tends to clog. hign %rnpjrwastes. food-processing loading rates, highr,, energy inpu! no operahincwastes-fairly dilute solids input than' ;Jacked data' mixtures
Variable feed 	 bedsAlt types of organics. farms Small to Conceptual-combines Allows seasonal peaking of Fee-drscharge may requveand teedlots r-&edium plug Ilow, with anaerobic 	 gas production, pre- extra pump 

contact 	 serves nutrient value o 
materia'. low cost 
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heat loss. A subsequent conversion efficiency of 
30 percent can be obtained if
 
the biogas is burned in appropriately designed burners.
 

* Biogas production is a relatively straightforward technology. However,

there is still a need to obtain detailed, reliable data from actual plant

operation c6vering reasonably extended periods, especially when using agricultural

residues as feed. 
 Numerous possible digester'designs are available. Selection
 
of a specific design is dependent on the feedstock, availability of low-cost
 
labor and the purpose of the digestion process. Exhibit A.31 illustrates some
 
some of these designs. 

To capture the methane gas, 
an inverted tank can be constructed over the
 
digester (floating top storage) or a small pressure tank can 
be used to compress

and store the gas. The digester tank itself may be built of 
steel or concrete.
 
An agitator is often used to mix the biomass periodically, improving biogas

formation rate and reducing the digester tank volume up to 50 percent. 
The digesters

developed by the Chinese for use as 
family units (see Exhibit A.31) are flexible
 
and operate in a relatively straightforward manner. Scale-up of digesters to
 
any desired production rate can be achieved by adding modules.
 

A 'sjor advantage of digestion, especially when compared to dung or wood
fuels, is the greater energy conversion efficiencies realized and the ability
 
to use 
the resulting sludge by-product as a soil conditioner, fertilizer,
 
and possibly as animal feed. Since the digestion process is one of waste
 
stabilization, killing most pathogenic bacteria and parasites contained in 
manure and sewage, improved public health and hygiene from increased pollution

control is a further benefit.
 

A.5.2", Fermentation 

Also in an anaerobic environment, biomass can be fermented by microorganisms

(yeast or bacteria) to produce alcohol. Ethyl alcohol, or ethanol, can be

blended with gasoline (10 parts ethanol to 90 parts gasoline) to produce a high
octane fuel which can be used in conventional automobile engines. Ethanol can

also be used for space heating or as the sole fuel in modified engines and 
combustion turbines. 
 Ethanol is a key industrial.chemical and is used as 
a

solvent or reactant in the production of organic chemicals, plastics and fibers. 

The production of ethanol involves: 
(1) treating the feedstock to produce a

concentrated and sterilized sugar solution, (2) converting the sugar to ethanol 
and carbon dioxide through fermentation, and (3) distilling to remove ethanol
 
from the fermented solution. Ethanol can be produed from sugar crops (sugar
cane, molasses, sweet sorghum, etc), starches (corn, potatoes, cassava, etc.),

and from celluloses (wood, agricultural residues, etc.). The intensity of the

required treatment process increases with starches and especially with cellulosic
 
feedstocks. 
 In general, processes for ethanol production from-,cc1lulostic feed
stocks 
are more complex and larger in scale than those from starches"and
 
sugars. 

A.5.3 Resource Availability d 
Because of their noncom6'ercial nature, bio-energy resources 
are not readily


quantifiable. 
However, Exhibiti 1A.32 presents estimates of the annual resource
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EXHIBI7 A-3 1 
ANAEROBIC DiG3ESTER DESIGNS 
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EXHIBIT 4-31 (cont'd)
ANAEROBIC DIG'rx El? DESIGN" (Cont'd) 
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base available to Egypt. 
As this exhibit indicates, the largest single biomass
 energy resource is agricultural residues -- approximately 20 inllion tons 
annually. The principal residues are those from cst o, 
sorghum, maize, sugarcane,...
 
peanuts and seasame.
 

EXHIBIT A.32 
ANNUAL BIOMASS RESOURCES IN EGYPT
 

Quantity on Dry Basis, Ton Energyl 
 Conversion Net Energ

Utilized as Content Efficiency Output


Resources Potential 
 Energy* 1015 
 10M
 

Agricultural 20x1O 6 'lxl0 6 200 
 8 16
 
Residues
 

Animal Excreta 3x10 6 
 1.5x10 6 17 
 8 1.4
 

Animal Power 
 96 10 
 10
 

Municipal Refuse 2x10 6 

27
 

Sewage Sludge 250x10 6 

29
 

* The rest is used as animal fodder and organic fertilizer.
 
1 = Supply; 2 = End Use
 

The two primary uses of the Egyptian resource base include direct burning

of agricultural residues and dung cakes. 
 Direct burning of biomass (which is
only about 10 percent efficient) completely destroys the organic matter and nutrients

available in the feed. Conversely, anaerobic digestion produces a residue

which can be used to meet increasing demand for fertilizer and soil conditioners

while also providing energy. 
This asset is extremely important in this region
of decreasing agricultural productivity and where the present deficit in farm
yard manure is more than 80 million tons 
per year. The use of agricultural residues
for anaerobic digestion is feasible then, if combined with an active soil

conservation effort. 
 The combined energy value of agricultural residues and
 
animal wastes in Egypt is estimated at 200 to 300x10 5 J annually.
 

A.5.4 Market Readiness
 

The recent decline in the price, of petroleum has not changed demand for
biomass energy because, for most countries, there has not been a net decline in
price. This is because the devaluation of currencies against the strong U.S. 
 II
dollar has not permitted a cost reduction to be realized by countries that must 
 f

buy U.S. dollars to 
pay for their inputs of petroleum.
 

Crop residues currently supply approximately one-third of the total energy
consumed in Egypt. 
Animal wastes provide about 8 percent of the energy consumed

in cooking applications. The potential energy market in Egypt consists of 
some
4,000 rural farm communities, encompassing about one-half of 
the country's
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the cut reint en,'r'v m:rkpl t in ,v,ve .ii !,' stp,"':i!!:t,' as, t.hro is cnnsieral,l,.
Inlteres!.t 
 in Mf icioti, .sml~ll sc ale, sys,;tems; and there, have', bee n tLv£hnialt+t hrv'dV-L
 

thro ltdt in )tl to t I
iIlt, d vt ttptln a,',a di te:trs; in cutitt s A;s dtivA'sr; oI'.'s; a
 
(hI 1i F;
tn, a tn ,'il t hi 'n.S>. A n 'i for l,ire' sa lp at:ttrul ' (t"it;' tl 5;'.' sm; 
lthat utilize at n stiway ic a alble.ip 1 I Tin isa ae~rrt'ntly uvtntappe
t I4it.t I",y~t
Iit 

Accordni' 
 ; to th, EgyptI ant tat lonAl s t rategy, an actiempt w i I be made co
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I Ii . Ic t' inst operation 

st icat d in terms of control 
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A.5.5 Economic Viability 

Since transporting wanstes long distances is very costly, the most economic 
use of digesters involven on-farm syst ems using animal and
manure agricultural
 
wastes available on-site and urban 
svstems using sewage. The best feedstocks are
 
animal mannre, mntil ci pal s.';', anutics; and various 
 processi ng was;tes. The
 
supply of anImal anttre 
and hut::an wast: are currently the largest. WItere large
 
concentrat ons of agritcultural 
rteidu:, exist, it may be feAsible also to digest
 
these .
 

On the average, 15 penrcent of the energy produced is usad to heat the waste
 
entering the digester and for ther
the operating requirement';, e.g., punping.

Removal of the carbon dioxide and sale of the methane gas to natural ga;

pipelines In not feasible In sanll 
 at tions because: (1) gas pipli nes. are
 
oiten nut readil' acc ible, tn t.
st' (2) cn of carton dioxide r,mov:tl oquiptent
 
fI- h gh, and (3) re.venes fromn sale wold probably be relai vely low. It
 
very lar'ge systems, product ion of pipeal ine qual it, gas may be fea;ileC. 

lit most on-.-arm sysntems+a, d Iyw t,- ntergy output Vs snffir ciett Lu moot the 
energy need; of livestock oi-oi-at iut and, in about 50 pt:rcent of the castes, also meet 
the farmers' home energy needs attd pus;tsi bl, allow for not export of electricity.
The most econom call _y at tracti, tr iots are relatitvely large poultry, dairy,
beef or swine operat-Ions ttnablitt1 ,.'a nCi,.:y of scnle) which are relatively etntrgy
Intensive (enabling the displa o::.,ant:of large quant:tfes; of energy bought At 
retaIl prices). 

Production of electricity from statll, 
family-slze units Is not economically 
attractive, whereas larger syst'imn itn the 111 to 100 kW range may be able to 
prtduce electric power economilcal l. 1Usfing a larger 'itv/village-si:ze system
also saves land which can then be u,;od for productive purposes. The product
 
gas can also be used to meet heating and cooking needs of the city or villnge. 
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Besides the potential for economic production of fuel and possibly 

electricity, digestiop produces an effluent which can be used as a soil 
...-conditioner or fertilizerand-as an- anil f& d"in-buides-cs.' The - l.u tid ... 

of the effluent is very important in assessing economic feasibility. In
 
fact, the digested material has a higher value as fertilizer than the equivalent

amount of 
farm yard manure. Also, nutrients which would be 
lost if the biomass
 
was directly burned are recycled to the land. Furthermore, there 
are social benefits,

such as 
improved health and hygiene, resulting from the anaerobic digestion of
 manure and sewage which should be considered in determining economic viability
 
of such systems.
 

As Exhibit A.33 illustrates, the production of biogas from animal manure 
is
 
quite competit-Lve. 
 From this table the following approximate cost ranking

of the various bio-energy technologies can be derived:
 

Wood (other woody matter) to steam
 

Wood (other wood matter) to chars and oil, by pyrolysis
 

Biogas from anicial manures
 

Wo,/d-based gasification processes
 
increasing
 

Biogas from straws, cellulosic matter
 
cost 

Electricity generation from wood
 

Ethanol production from sugars
 

Ethanol production from cellulose
 

Exhibit A.34 presents cost comparisons between selected bio-fuels and conventional
 
fuels in various countries.
 

A.5.6 Industry Status
 

The industry varies greatly worldwide as patterns of use vary widely.,

Some countries have technical expertise in virtually every aspect of biomass
 , production and conversion to energy. 
Usage in developing countries consists
 
largely of gathering wood by hand for cooking and heating applications. It is
 
estimated that about 1 billion people still do not have adequate supplies of

fuelwood which prevents many small businesses and industries in developing

countries from initiating more efficient biomass energy technologies.
 

The anaerobic digestion process is well known as it is often used
in typical waste water treatment plants to stabilize sludge.. Because the process
 
uses 
simple equipment and requires little control, anaerobic digeszers are very

attractive. Private sector prospects are improving because of 
new reactor


signs. 
 It is predicted that in the next few years, commercially competitive

digesters will be available for use on farms and feedlots, in food processing
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EXHIBIT A.3
 

ESTIMATES FOR BIOM ASS FUIEL COSTS 
(in 1q77 US Dollars) 

Process 

Cost ($/GJ)
 

WOO) TO OIL via CATALYTIC LIQUEFATI(UN 5.1
 

WOOD TO METHANOL via GASIF[CATION (OYGEN BLOWN)* 
 73 - 9.4 

AMMONi A FROM WOOD via GASI FI CAT (OYGEN BLOWN)* 
 8.5 -17.9
 

S-N PRODUCTI0N FROM WOOD vi a GASI 
 ION (OXYGEN BLOWN)* 
 6.1 - 7.5
 

STEAM BY COMBUSTION OF WOOD 
 2.8 - 3.2
 

ELECiRICITY BY COMBUSTION OF 
WOOD 
 15.5 -17.7
 

BIOGAS FROM ANI.MA, MANURE BY 
ANAEROBI C DIGESTION 
 3.8 - 8.5
 

SNG (METIANE) BY ANAEROBIC DIGESTI;ON** 
 5.6 -13.7
 

IO.GAS i RON! i'AiFROM WHA STRAW BY 
 IC DIIGESTION 
 12.6 -22.5
 

ETIIAN 011W*i .! AT S0 *!
L'I% 
50 

ETlANOL FROM 
 (AR CANE BY FERMENTATION 
 30
 

OIL & CIAR FROI WooD BY PYROLYSIS 2.6 - 3.2
 

BIOGAS FROM KELP 
(SEAWEED) BY ANAEROBIC DIGESTION 
 19.6 -21.1
 

ETHANOL FROM ALGAE**** 

18.0 -25.5
 

ETIIANOL FRON CORN STOVER*** 

18.9 -41.4
 

Notes:
 

as opposed 
to air-blown gasification 
** Including the cost of separat I
 , "0 from the biogas

*** 
 by enzymatic hydrolysis, fl !w,] by ferment:at.ion of sugars
**** by chemical (acid) hydroly ; ,;, !-o1',.wid by fermentation. 

The data refer to US studies at unup,cil led scales of operation; assumptions
in dte riving producti on cos; are not known. 
 The data shtould be used with
 
circumspection and for comparison purposes only.
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EST"LAT IA...... ENERGY AND
 
CON'FEHI~ThkA: Y !II:1, .NCE COSTS
 

Country Pro(It ic t Cu,;t ($/(;.J) 

Brazil (1977) E t. hano1 16.1 
Ga ioli ne 12.3 

Australia (1975) Itha1ol 16.7 
Ethanol (industrial) 18.4 

Canada Methanol (Wood) 4.2 -- 9.7 

New Zealand Bioga s 3.5 - 5.6 
Natural Gas (prod) 1.1 
Coa] Ga'; (p,'od) 6.3 

Upper Volta Fuelwood (plantation) 25Ke ro; ene 36 
Butane 31 

Tanzania Bioga s 3.3 
Electricity 31.4 

USA Methanol, 8.0 - 15.1 

Ethanol 14.2 - 34.1 
Mediut:n bTU Gas 4.5 - 7 
S.N.G. 4.5 - 6.9 
Ammonia 5.5 - 10.8 
Fuel Oil 3.4 - 7.5 
Electricity 8.3 - 38.9 

Approximate Reference Costs:
 
S.N.G. 
 - 4.7 
Fuel Oil 2.8
 
Ethanol 19 
Medium BTU Gas 
 2.8 - 4.7
 
Electricity 
 8.3 -16.6
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plants, in pulp and paper mills, and in chemical manufacturing plants. A:
 
present, most systems digest manures. lowever, custom-designed digestion
 
systems ranging from small,to large scale are also commercially available for
 
handling agricultural wastes, sewage and food processing wastes; 
some of these
 
systems -are-combined-Wi:th- ,,r. ......... eademost
Corai d edi'conupos-iais. 

the use of village-size units with more 
than 7 million units now operating.
 

A remaining problem in the commercial development of; anaerobic digesters

is the lack of long-term, detailed and reliable economic and operating data 
for
 
use in critical analyses and digester design, along with the low conversion
 
efficiencies often associated with the process. 
 There are, however, existing

plants that 
are atleast ten times as efficient in terms of biogas production
 
rates as those often used in the developing countries.
 

A.5.7 Current R&D Thrust for Technology
 

The focus of biochemical conversion R&D activities in the U.S. 
are being

directed toward 
the digestion of agricultural residues that are lignocellulosic

and difficult to digest by other biochemical means. Pretreatment of these
 
feedstocks, anaerobic bacteria strain selection, and nutritional factors that
 
may improve the methane-producing capability of the cultures are being examined.
 
The microbiology and biochemistry of digestion cultures and 
the genetic mani
pulation of bacteria in the methane production cycle are also being examined.
 

Feasibility of constructing biomass energy-producing facilities are also
 
being studied. The issues being addressed include the feasibility of specific
 
biomass energy technologies, biomass resource assessment and availability,

financing alternatives, and the ability to construct and operate a facility
 
producing biomass energy in an environmentally acceptable manner.
 

Other R&D areas include short-rotation woody crops and other silvicultural
 
studies, herbaceous crops and aquatic species research, thermochemical and
 
photobiological conversion research, and environmental studies.
 

A.5.8 Relevant Experience in Egypt Using Biomass.Technologies
 

Most Egyptian'R&D'in the area of biomass energy emphasizes biogas production
 
although research 
on improving design and efficiency of woodstoves and the
 
development of small gasifiers is also underway. 
 The most crucial biogas R&D
 
involves the development of low-cost digester designs.
 

A national demonstration project for the' deyelopment and application of
 
village-scale digesters has been undertaken 'by;xhe National Research Center
 
(NRC) since 1979. At present there are 45 fi1eld demonstrations, most of which
 
are household units, along with 4 larger-scale units constructed in conjuction
 
with livestock operations. Both laboratory and pilot scale testing involving

modified Chinese and Indian digester designs are being conducted utilizing
 
cattle manure, agricultural residues and water hyacinth. The goal of this
 
research is to demonstrate that appropriate biogas technology is technically,
 
socially, and economically feasible in rural areas of Egypt. 
 A number of digesters
 
based on the Indian and Chinese designs have been installed in Egypt. Exhibit
 
A.35 represents the details of these 1digesters.
 

A-77 



PRESENT BITO(;A, NITS IN EGYPT 

No. 
Execut ing 

Agency Sie 
i,tem 

Desgn 

" S," 
m 

Date of 
Cons t.ru cli o, Status 

1 F/A Fayoum Fayayoum Ch I nese 10 1978 N/0 

2 F/A Fayoum Ahu Candeor Chfnese 10 1980 Irreg. 

3 ARC Mosh t:iIho r jChinese 45 1980 Irreg. 

4 ARC Moshtulo r Indian 10 1980 Oper. 

5 ]ARC IMoshr. hor indian 6 1980 Oper. 

6 IARC IMoshtuhor Indian 38 1981 Oper. 

7 1ARC Mosht:uthor jIndian 8 1980 Oper. 
8 ]ARC Toukh 11ndian 8 1981 Oper. 

9 !ARC Toukh Indian 7 1981 Oper. 
I0 ARC Toukh Indian 8 1981 Oper. 

11 1ARC Embaba Chinuse 10 1981 Oper. 

12 JARC Embaba Indian 20 1981 Oper. 

13 JARC Embaba Indian 17 1981 Oper. 
1/ 1ARC Embaba Indian 10 1981 Oper. 

1 15 JF/A Alexandria Embaba Ind ian 8 1981 U/c 
1 16 1Owner Beheira Indian 8 1981 U/C 

17 INRC Beheira Chinese 10 1979 N10 

18 NRC Beheira Chinese 6 1980 Worked 

i 8 mos. 
19 JNRC Beheira 1Pressurized 7 1981 Oper. 

nd i an 
20 NRC EI-Meniwal: Modified- 10 1981 Oper. 

!Indian 
21 NRC El'-Menawat Modl fied- 10 1981 Oper. 

I R Chinese 

22 NRC Omar Makram !Modified- 8 1982 Oper. 
I Indian 

23 JNRC Omar Makram Nodlfied- 6 1982 Oper. 
1Indian 

24 JNRC Omar Makram Modified- 10 1982 Oper. 
lChinese 
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The Faculties of Agriculture in Fayoum, Minia and Assuit are currently

conducting research, in conjuction with the Faculty of Engineering, Cairo
 
University, involving an integrated renewable energy system which includes
 
wind, solar and obiogas energies......
 

In other research activities, anaerobic digestion of mixtures of 
cow dung,
 
sewage and agricultural wastes at different ratios, organic loadings and
 
temperatures are being examined. 
 The effects of pre-composting, digestion, and
 
post-composting on the survival of bacterial pollution indicators and pathogens
 
are 'also being investigated. Since most digesters operate at below 10 percent

solids, R&D on high-loading digesters and the use of recycle is also being
 
undertaken.
 

A.5.9 Worldwide Experience Using Biogas Technology
 

During the past five years, significant advances on."biogas production tech
nologies have been made. Many of these developments pertain primarily to
 
large-scale, municipal-type digesters found in urban areas. 
However, developing

countries have taken a 
special interest in biogas production since the countries
 
are largely rural-and thus often have abundant animal and crop wastes 
available
 
for digestion. One of the most extensive biogas programs is that of India.
 
Thirty years of R&D has resulted in an accumulation of useful informa'tion and
 
data, aspecially regarding digestion of 
cow manure. Several institutions
 
have played a major role in this 
program: Indian Agricultural Research Institute,
 
New Delhi; the Khadi and Village Industries Commission (KVIC),, Bombay; 
the
 
Gobar Gas Research Station, Ajitmtl; and the Planning Research and Action
 
Institute, Lucknow. Biogas plant designs published by KVIC utilize concrete
 
tanks and inlet and outlet basins, with floating gas holders. These single-family

units have no pumps, motors, mixing devices or 
other moving parts and digestion
 
occurs at ambient temperatures.
 

Also operating in India, is a larger-scale plant managed by the Bharatya

Agro Industries Foundation that, produces 340 cu.m/day using dung from a cattle
breeding operation. A community plant has also been installed in the village of
 
Fatah-Singh-Kapura by the Gobar Gas Research Station. 
The plant operates suc
cessfully on dung supplied by the villages, providing cooking gas, village lighting,
 
water pumping and grain milling. Several other community biogas plants are
 
being installed throughout India since these large-scale community systems have
 
potential of being economically advantageous.
 

The Organization of Rural Development in the Republic of Korea has
 
installed 25,000 digesters. 
 However, severe winters and a non-cattle-based
 
economy have adversely affected this program. 
A major campaign was conducted
 
from 1969-1976 that encouraged the construction of biogas plants that digest both
 

'animal and human wastes.
 

Growing interest in) Pakistan has resulted in the construction of approx
imately 100 biogas plants. Low winter temperatures and the high cost of imported

steel for fabr'cation of gas-holders has generally restricted the program. 
The
 
Appropriate Te(hnology Development Organization of Pakistan has recently under
taken desigad1id construction work on 10 cu.m capacity, fixed gas-holder digesters

based on Chine e technology with an associated cost of about $590 (1976 price).
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There also is an 
increasing interest in biogas systems in the Philippines,

especially with respect to pollution control and the associated public health
 
benefits. 
The National Institute of Science and Technology has iuistalled units,

includin 48 digesters (22 
cu.m each) at an integrated agro-industrial complex

of 7,500- hogs.. Theresulting -gas-.is usedas-fuel-for- canningrenderlngcookig
electricity generation and deep-wellpumping.
 

Biogis utilizationi in Thiiiatid han Increased rapldl.y over the past several
"years 
with 225 units now operating. Plans call for the installation of 50 digesters
every year. 
Plants have also been promoted by the Agricultural Economic Department,

the Sanitation Division of the Health Department and the Applied Scientific
 
Research Corporation. The majority of systems presently focus on waste treatment
 
rather than energy production.
 

Although Indonesia has only 12 operating biogas plants at present, numerous

experiments are undergoing evaluation with respect 
to reduced construction costs.
 

One of the most extensive programs is that of the People's iepublic of China,

with the installation of seven million plants. 
 The destruction of,\bacteria con
tained in the waste is stressed so that the digester residue 
can be safely applied
 
to crops as fertilizer.
 

At the end of 1984, 
over 50 on-farm biogas systems were operating in the

U.S. and nine were operating in Canada. 
Most of these systems utilize cattle
 
manure and integrated farm systems are growing in popularity. In Europe, with
 
typically higher population densities, 500 on-farm systems were operating at
 
the close of 1984.
 

By 1984, there were a large number of biomass-fueled electricity producing

power plants in the U.S. that were either operating, under construction or in

the planning stage. A total of 
nearly 200 power plants generating almost 3000
 
MW are expected to be on-line in the near future. Nearly 60 percent of these
 
plants utilized agricultural residues, animal manure, MSW, landfill methane or
 
sewage methane as the energy source. Exhibits A".36 and A.37 show the status of
 
these plants.
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EXIL IBIT . 3 6 

STATUS OF BIOMASS-FUELED SMALL POWER 

IN 

PRODUCTION, 

TIHE U.S. IN 

COCEERATION 

1984 

AND MUNICIPAL FACILITIES 

in Ki.owatts (Number of Facilities) 

FUEL PLLANIT D UNDER CONSTRUCTION OPERATING TOTAL 

Wood Waste 

Apricultural 
Residues 

nima! :anure 

SUBTOTAL 

I 238,505 KW 
(17) 

102,700 KW 
(3) 

341,205 KW 
(20) 

115,630 KW 
(10) 

56,000 1KW 

(3) 

i0 K10 ,1KW 

(13) 

171,640 KW 
(14) 

_ 

___ 

850,217 KW 
(42) 

61 ,00 1KW 
_ (7) 

92.w:;; 

__ ) 

86,1929KW6 21 

1,204,352 KW 
(69) 

219,75) -W 
(13) 

93 5 ::'.T. 

(3) 

Z09,037 KW 
(8))(50) 

Municipal Solid 

Waste 

Landf ill ,ethane 

Sewage Methane 

SUBTOTAL 

640,450 KW 

(24) 

39,550 ,KW
(15) 

164 KW 
(2) 

680,164 KW 
(41) 

286,500 KW 

(12) 

29 ,650 KW 
(14) 

2,700 KW 
(1) 

318,850 KW 
(27) 

283,610 KW 

(12) 

2r,C 
(12) _ 

250 Kw 
(1) 

303,905 KW 
(25) 

_ 

1,210,560 1KW 

(48) 

FL592 15 1W 
__ _) 

3,114 'Kw 
(4) 

1,302,919 1KW 
(93) 

TOTAL 1,021,369 

(61) 

1KW 490,490 1KW 

(41) 

1,216,097 1KW 

(76) 

2,727,956 KW 

(178) 



STATUS OF 

EXHIBIT 

,I LITIES 

A.37 

USING RB 1FUI LS 

in Kilowaft.. (Number of Facilifties) 

FUEL PLANNED UNDER CON''STRUCTION OPERATING TOTAL 

Wood Waste 

Agricultural 
Residues 

Animal :anure 

50,000 KW 

j 

130,725 
i )_ (8) 

222,500 
(2) 

KW 

KW 

130,725 KW 
(9) 

22,500 KW 
(2) 

.... 
_--.... 

. 
... 

50,000 
(1) 

KW 153,225 KW 
(10)-........ ----

,2 

- (11 ) 
W 

.unicipal 
Waste 

Landfill 

Solid 

Methane 

18,400 
(2) 

-

KW 

] 

15,400 
(3) 

RH 33,S00 
(5) 

KW 

Sewige 'ethane 

SUBTOTAL 

, .......... 

--

18,400 KW 

(2) 

7,970
](2) 

23,370 

(5) 

yW 

KW 

7,970 KW
(2) 

41,770 KW 

(7) 

TOTAL 50,000 KW 
(1) 

18,400 KW 
(2) 

176,595 KW 
(15) 

244,995 KW 
(18) 



A.6 SolarPonds
 

A.6.1 Operating Characteristics
 

Solar ponds 
can be used to collect solar radiation and store it as heat
 
for a variety -of low temperatutd ippliatins, inc1uding-space heating and.
 
cooling,":hot water heating, industrial process heat, crop drying, and water
 
desalination and electricity generation.
 

The solar pond can be a Cost effective energy alternative in areas of high

insolation where land, salt and water 
are readily and inexpensively available.
 
Solar ponds have technical advaintages as well. 
 Their built-in storage capabiliity

eliminates the daily fluctuations in energy supply associated with other solar
 
energy technologies. In addition , the solar pond is 
the only solar technology

designed to provide low temperature (below 95°C) thermal energy on a large

scale. This temperature is sufficient to power an organic Rankine cycle engine
 
to produce electricity.
 

A.6.2 Technology Description
 

A schematic of a typical salt-gradient solar pond is shown in Exhibit
 
A.38. Pond 
area can range from several hundred square meters to several square

kilometers. 
 Pond depth usually varies between three and five meters, depending
 
on 
the location and intended application. Pond storage capacity is dependent
 
upon depth and can be very large. A pond is formed by excavation or embankment,
 
or a combination thereof. The sides and bottom of a pond may or may not be
 
lined with a plastlc membrane or other impermeable liner. This is dependent
 
upon the underlying soil conditions and the extent to which the surrounding

environment requires protection against possible salt contamination.
 

'As reflected by the name, a salt-gradLent solar pond is filled with brine
 
made of one 
or several salts, with the salt concentration varying from a few
 
percent '(by weight) at the surface to over twenty percent at the bottom. A
 
typical salinity profile is also, depicted in Exhibit A.38. 
 Normally, the surface
 
zone (0.15 - 0.30 m) and the bottom zone (1.5 - 3.5 m) have uniform salinity,

and the gradient zone 
(1.0 -1.5 m) has a salt concentration that increases with
 
depth.
 

As solar radiation impinges on 
the pond surface, part of it is reflected
 
and the remainder penetrates into and is absorbed by the pond. 
 In an ordinary

pond, when the water absorbs the incident solar radiation, its temperature

increases and its density decreases. The water near 
the surface is readily cooled
 

! as heat is dissipated to the atmosphere. The warmer, lighter water at 
the
 
bottom will then rise to 
the surface thilough natural convection. At the surface,
 
the heat contained in the warmer water is again transferred to the ambient air.
 
Thus an ordinary pond cannot store the solar energy that it absorbs.
 

In a salt-gradient pond, due to 
the presence of the construc..ed salinity

gradient, natural convection is suppressed since warmer water in the lower
 
layer has a higher salt content and, therefore, remains more dense (heavier)

than water at the upper layer. In addition, the salt-gradient zone prohibits

long-wave reradiation (as water is opaque to infrared radiation), and offers an
 
effective conduction barrier (because the thermal conductivitity of water is
 
relatively low and the gradient zone is sufficiently thick). Consequently, the
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salt-gradient zone enables the pond 
to trap heat in the storage zone, where the
 
temperature is allowed to increase steadily to a level substanially above
 
ambient. 
 Typically, temperature in a salt-gradient pond increases with depth,

varying from slightlyzabove ambient in the surface zone 
to 80-100C in the
 

~~strage.zone.
 

Both the surface and storage zone are convective and the convecting currents
 
in the surface zone &ee 
caused by wind, evaporation, precipitation, diurnal
 
heating and cooling, and other physical factors. The convecting currents in
 
the storage zone, on 
the other hand, are induced by the buoyancy of heated
 
bottom brine, the disturbance from heat extraction, etc. The gradient zone is
 
stra'4fied and nonconvective. 
 It separates the two convective zones above and
 
below) and prevents full-depth natural convection from occurring, thereby

serving its vital insulating function. 

The heat trapped in the storage zone can be extracted by means of in-pond
 
or out-of-pond heat exchangers for both electric and thermal applications. ot

brine is withdrawn near the upper portion of the storage 
zone and circulated
 
through an out-of pond heat exchanger where a working fluid receives heat from,
the brine to perform its designed duties. 
 The cold brine is then returned to
 
the pond near 
the bottom of the storage zone, usually on the opposite end from
 
hot-brine withdrawl. Thermal energy extracted from the pond can be used
 
to generate electricity or support a variety of thermal applications such as
 
residential and commercial building space and water heating, industrial and
 
agricultural process heating, and desalination.
 

The primary quantitites to be measured during the operation of a solar
pond are temperature, salinity, water clarity, and thermal output. 
Temperature
 
measurements 
are generally made by means of permanently installed thermocouples

mounted in the pond and buried beneath the pond. Salinity, which changes,

slowly, needs to be measured less frequently at the surface and bottom of the

pond. A complete salinity profile is 
not usually required unless operating
 
difficulties have been observed.
 

Heat output of all solar thermal 'systems decrease as the difference between
 
ambient and collector temperature increase and solar pond, technology is no ex
ception to this general rule. 
 It does however differ markedly from other col
lectors in performance characteristics. One reason for this is that the optimum

gradient 
zone depth, i.e., the system configuration, is different for each
 
set of values of radiation input, heat output, and working temperature.
 

The most important difference between the operation of non-corrosive
 
solar ponds and the operation of other collectors is that the solar ponds 
are
 
continuously open to the-environment. 
 A given solar pond thus collects the
 
same fraction of the incident radiation whatever the ambient temperature and

solar radiation,level. This fact tends to compensate for the rather low peak

efficiency of solar ponds that results from absorption of the infrared portion

of the spectrum near the surface. For some applications the energy per unit
 
area provided by solar ponds may even 
exceed that provided by the usual flat
 
plate collectors.
 

In general, theoretically 84 percent of 
the incident radiation on the
 
solar pond surface escapes to the atmosphere. Out of the 16 percent balance of
 
incident radiation collected by 
the solar pond, about 2 percent is lost to the
 
ground. Thus, only approximately 14 percent of 
the incident radiation is
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actually contributing towards the generation of heat. 
 Actual measured collection
 
data on experimental ponds have shown 9-12 percent pond efficiency.
 

It is difficult to predict the specific maintenance.,requirements of.a.
 
... a sal1t-gradient solar pond. The only successfully operated ponds in the
 
U.S. are research ponds which have not 
been pc"cmitted to operate in a routine
 
energy supplying mode for extended periods of 
time. Salinity control, however,

is a known routine maintenance requirement. Because the sal.: gradually diffuses
 
upward, the salinity gradient will occasionally need adjustment through surface
 
washing and the addition of salt to the bottom layer of the 
pond. For electricity generation applications, turbine/generators will require normal main
tenance and repair. 
A major maintenance problem that has been encountered in

existing ponds is 
leakage through the artificial liner. Such leakages are 
difficult
 
to detect, difficult to locate, and difficult to repair. Avoidance of the problem

by the careful selection of liners and the careful 
preparation of the pond

bottom is the best method of addressing this problem.
 

Other factors which require control during pond operation are wind effects
 
and the growth of organisms that absorb sunlight. Excessive wind can cause
 
surface mixing and rapidly increase the solar pond upper zone thickness, thus
 
d--'.reasing the performance of the pond. 
 High pond performance requires that the
 
upper surface zone of the solar pond be maintained at the thinnest possible value
 
(approximately 10 cm). 
 Aerodynamic and hydrodynamic experiments have been under
taken to develop devices and/or techniques to minimize suface wave formation.
 
Biological control is 
a better known procedure. Adding copper sulfate in
 
conjunction with hydrochloric acid, or adding chlorine and bromine may suppress

the growth of the unwanted light absorbing organisms in the surface 
zone.
 

A.6.3 Resource Availability
 

Solar energy availability in Egypt was described in Section A.2.3.
 

A.6.4 Market Readiness
 

The thermal energy of 
a solar pond can be used in various industrial,
agricultural and residential applications. Several experimental and small
 
scale solar ponds have demonstrated and established the feasibility for these
potential applications.
 

Five major applications, namely space heating for residential, commercial
 
and institutional buildings; 
industrial process heat; agricultural process

heat; electric power; and desalination were identified 
as most ,promising in a
 
solar pond resource assessment study conducted during the early 1980's 
by U.S.
 
Jet Propulsion Laboratory.
 

In the residential, commercial and institutional buildings sector, solar,ponds,
 
can provide thermal energy at sufficiently high temperatures for space heating

and cooling and domestic water heating. 
The need for thermal energy in domestic
 
water heating exists in practically every region. The availability of low cost
 
land near buildings is a limiting factor, as 
vacant land is scarce and costly
 
in most developed areas.
 

The need for thermal energy below 950C is very high for industrial
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proce.ss heat applications. Food, furniture, paper, chemicals, leather and
 
priumary metal processing are apong tihe major industries to which solar ponds
cav, be suitable energy source;' Solar ponds can supply thermal energy to a
 

.........
numb.er, _of,agricultural ,proces.s es:_...... crop drying,-I]Ivestock,. brooding;-,iwtiste disposal, space and Waler heating for livestock v s o k..............
farmhouse space and
 
prter heating, and irrigatio n pumpingir p
 

:ymSolar pond appl
mostly on a large scale ations in the electric power sector will be constructed
undreds or thousands of acres in area) and at sites
 
wnwhere the essenti tural resources are
tu'a available at low or no cost.
 

ws 
dSolar ponds candiso provide energy for desalination of water as they are
 
t hcapable energy .ermal
of providing to the distillation/desalination process


and electrical ormecanical.power to thle 
reverse osmosis and electrodialysls
 

processes.
 

A6.5 Economic Viability
 

A number of factors must be considered when evaluating the technical and
 
economic feasibil.ity of solar ponds. ''T'ey incllude:
 

SInsolation -Becaused te pond is horizontal and cannot be tilted, pond 

sites should be located not much more 
than +/- 40' latitude.
ample, insolation oe a horizontal surface at 30 For exlattde is about
 

seven percent less thian at 220 N latitude (Egypt-Sudan bot")rder).,. 
2. Land - Because the energy density of 
solar ponds is relatively low, land
 

must be acquired inexpensiv ly f r ponds 
to retain economic viability.
 

3.icWater -
Ponds must be located where water is readily available to mak
 
up for evaporative losses.
 

4. Salt.- A source ofmu salf
t or bide 
 whbe available ath ahreasonable
 

5. Aquifers - The pond should not beloroated near underground aquifers.
 

,, 
,Aquifers can cause both structural and therma~l problems. In addibion,

fresh aquifers may becomes,,contaminated with salt.
 
si6.ehys a -The site should beln and; the
mrlyflat, underlyiF ex
structure should be free of 
stresses, str2tgyins and fissures.r).
 

7. Size - Large solar ponds provide energy at a lower unit costsmall ponds. than
3. atr-ponds The smallest practical size for salt-gradient solar
varies with locationand application but is approximately I
 

hectare for thermal applications and several hectares for electricity
 
-
i generation. 
 '.: 
 i
 

The coSt of installing a solar pond varies dramatically with the cost of
land, water and salt, pand
with the depth and size ofthe pond. Estimates vary

from as low as $4/m2 to as hih ras for
$70/m 2 thrall probe S.I d o
 
$4/m2 estimate assumes an unlined pond twith 
 free lawd, waterand salt, andsaexl
 
c 7lude.,
the cost of heat exchangers and turbinelgenerators
cost ofdexcavation and filling. Artificial leaving only the
liners will add iapproximately $10/m2.
 

ectare :" ad s
forthermal appn
: 


http:proce.ss


If salt is available on site, the cost is minimal. However if it must be pur
chased, it can add as much as $25/m2. 3
Water rarely costs in excess of 35/m


2
and thus, adds less than $1/m of surface area to t./ cost of a 3 meter deep

pon.d..
 

Because of the great variance in cost, economically attractive sites must

have natural soil liers, inexpensive salt, and enough land to construct a
large pond. Larger ponds 
are more cost effective because of economies of scale
 
in the construction and operation of a pond. 
 Also, perimeter losses become
less significant as 
the size of the nond is increased. 
 Since these cost factors
 
are highly site specific, cost effective sites are often not 
near an energy

consuming facility. 
Thus, electricity generation is an attractive alternative,

astir is an-efficient means of transmitting energy to the desired location.
 

A.6.6 Industry Status 

Solar pond research and development over the past two decades has established 
the viability of the solar pond technology'concept. Several experimental and

demonstration solar pond pr'ojects were 
undertaken throughout the world during

this period. 
However, only recently have solar ponds become economically viable.

There 
are several small- and few medium-sized establishements capable of
 
manufacturing and supplying solar pond components and subsystems.
 

About two dozen solar ponds, all under two acres in surface area, have
been constructed add operated around the world. 
 Pond storage temperature varies
from a low of about 300 C in winter to a high of 109C in summer. Boiling can

be achieved in high-insolation locations and can be avoided by scheduled heat

extraction. 
A variety of thermal applications have been successfully demonstrated,

including pool heating, grain drying, process water heating, space and greenhouse

heating, etc. 
 The Yavne and Ein Bokek ponds in Israel have established the feasi
bility of peaking and baseload electric power generation. Using Rankine cycle,

solar pond thermal efficiency on the order of 
10 to 15 percent, and thermal-to
electrical conversion efficiency of 8 to 9 percent, have been demonstrated
 
which are'sub'stpntially below the 20 to 30 percent efficiency predicted by

thermal cal&dalations.
 

The solar pond industry in the:U.S., during the past decade, has not been
able to initiate any large scale solar pond:.projects. Recently, a major U.S.
 
utility company has signed an agreement 
to build a 48 MWe solar pond facility

by the end of 1987. This project will be initiated in 1985 and a 12 MWe solar
 
pond unit (first of four 12 MWe units) operating as a Rankine cycle turbine
 
generator will be installed'. Several universities and research institutions
 
are also involved-in exploring better techniques to make solar ponds efficient
 
and atractive.
 

A.6.7 Current R&D Thrusts 
 C) a 

Salt-gradient solar pond research and development efforts have identified
 
several major areas 
of technical uncertainties that can reduce 
the performance

of a solar pond considerably. Current solar pond R&D efforts 
are addressing the
 
following technical uncertainties:
 

o- thickness of upper convecting zone;
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o" maintainable thickness of the nonconvectlngzonc; 

o pond transmissivity; 

o heat loss to the ground; 

o 
maintenance requirements of the nonconvecting zone,,

o heat extraction from the pond; and 

o heat rejection options.
 

The thickness of the upper convecting zone has been recogni7zed as having a
 
significant impact on overall pond performance. The current state of knowledge

is not sufficient to predict the thickness of the upper convecting zone.
 

The loss of heat from the lower convecting zone to the ground below the
 
pond can have substantial impact on pond performance. No method of predicting

the long-term thermal conductivity of the ground, the ultimate ground temperature,
 
or the impact of 
thermal energy storage in the ground has been verified.
 

A.6.8 Relevant Experience in Egypt/Worldwide in Using Solar Pond Technology
 

Most of the existing experience regarding the salt-gradient solar pond

technology is limited to construction and operation of few laboratory scale
 
experimental solar ponds during past decade. 
There are two large-scale power

generating solar pond plants in Israel which 
are capable of producing 150 kWe
 
and 5MWe respectively. 
A large scale 48 MWe solar pond project is in its
 
planning/design stage in the United States at 
present. Several other small
 
scale experimental solar pond projects have been constructed and operated in
 
the U.S. which have provided the industry and manufacturers with relevant
 
exper ience. Egyptian experience in this technology has been limited to several 
small scale experiments at various Universities and Research Centers. There 
are other Arab and Asian countries with limited experience with the salt-gradient

solar pond technology. Exhibit A.39 is a representative list of countries having
 
activities in solar pond technology.
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EXHIBIT A.39 

COUNTRIES HAVING ACTIVITIES IN SOLAR POND TECHNOLOGY 

POWER POWER 
 START SPONSOR/

COUNTRY 
 PROJECT 
 OUTPUT SOURCE 
 DATE 
 CLIENT
 

I. Israel 
 Solar Pond 
 150 kWe Solar 1980 
 Government
 
Electricity 
 Pond
 
Station
 

(Dead Sea)
 

2. Israel Solar Pond 
 5 IWe Solar 1984 Government
 
Electricity 
 Pond
 
StaItion
 

(Dead Sea)
 

3. USA Solar Pond 
 48 MW Solar 1987 Southern California

Plant Pond (planned) 
 Edison; ORIhAT turbines 

4. USA Experimental 
 Small 
 1974-82 Government and Laboratory

Solar Ponds 
 Scale 
 scale TUniversity projects.
 

Solar
 

Ponds
 



A.7 Municipal Solid Waste h 
A.7.1 Operating Characteristics
 

The conversion of municipal solid "aste (MSW)to energy is a tme-tested
 

and well-developed concept. 
Several diff,,brent types of technologies exist to
recover energy and materials from MSW. 
TI e principal focus of this section is on
MSW combustion technologies; Section"A.5 discusses anaerobic digestion techniques.
 

MSW technologies can provide a range of outputs, depending upon the system
and operational-requirements. 
Power outpat can be high pressure steam or low
pressure steam, to provide heat or 
mechanical power. 
Output can include electricity for process use or 
for sale to the electric grid.
 

Most of the MSW technologies discussed here are used to provide steam,
which can provide heat or motive power. 
 The're are four major categories of MSW
technologies available in the market. 
 These are (1) mass incineration; (2)refuse derived fuel; (3) cogeneration; and (4) co-disposal. -In 
general
terms, 
the major diffe'rences these MSW conversion technologie's concern:
 

1. the quantity and make-up of wastes handled;
2. capital and operating costs;
 
3. on-site energy requirements;
 
4. end products.
 

A.7.2 Technology Description
 

A.7.2.1 Mass Incineration
 

Mass incineration technologies are designed to burn raw, unprocessed
waste. 
 The mass burning system is 
a time-tested commercially developed system,
in which waste is fed to the combustor by a hydraulic ram or gravity chute.
There are four types of mass 
incineration systems: refractory-lined, waterwall,
rotary combustor, and modular. 
The output from mass incineration systems is
 
thermal energy, such as 
steam and/or recoverable waste. Systems can also be'
designed to provide electricity.
 

(a) Refractory Systems
 

The refractory-lined mass incineration system has a resistant coating,
or refractory lining, in the combustion chamber that decreases heat transfer to
areas outside the incinerator. 
 This lining protects the outer shell from
extreme temperature changes. 
 The refractory-lined combustor does not 
recover
energy in the combustion chamber. Hot combustion gases leave the chamber to an
auxilliary heat exchanger or waste heat boiler, where the heat energy is recovered.
 

Refractory technologies require large volumes of combustion air to prevent
furnace components from overheating. The major drawback of such a system is
that these larger air volumes carry more particulate emissions. Control tech- ,
nologies for air pollution add considerably 
to the capital and operating cost of
 
these systems.
 

The quality of the MSW burned affects both the design and required maintenance for 4 system. 
Higher quality MSW, which costs 
more to process, requires
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less maintenance and a smaller combustor than a system using lower quality

MSW.
 

(b) Waterwall Incinerator
 

The second mass incineration technology is the waterwall system. 
 In the
waterwall incinerator, the walls of the furnace are lined with tubes of circulating
water. The water acts as 
a coolant and the heat transfer medium. The tubes
are usually lined1with a refractory coating to protect them from high temperature

corrosion and erosion from air-entrained particles.
 

The waterwall incinerator requires less combustion air thai a refractory
system because the circulating water cools the furnace. 
 The decrease in air
requirements allows for a smaller incinerator and fewer emissions.
 

The heat recovery efficiency of a waterwall incinerator is usually higher
than that of a refractory unit. 
The steam generated has higher temperature and
and higher pressure, thus offering a broader range of potential industrial
 
appplications.
 

As with refractory units, the quality of MSW burned affects botW. incinerator design and maintenance. 
 The higher quality wastes require front ,d
processing, but do not need the incinerator volume and maintenance that 
a system

without pre-processing would require.
 

(c) Rotary Combustor System
 

The rotary combustor system is a waterwall system, in that the combustor
is water-cooled, but with a major operational difference. 
 In this system, the
combustor, which is inclined, rotates. 
 The advantages of this system over the
waterwall system are that it has 
a higher efficiency and a lower maintenance
 
cost. 
 The higher efficiency can be attributed to more effective agitation in
the combustion chamber from the rotation, resulting in more complete combustion
and heat transfer. The lower maintenance cost is due to 
the absence of traveling

grates and refractory linings.
 

The rotary combustor is generally more expensive than the waterwall incinerator of comparable size. 
 It is best suited for larger systems, up to 300
 
tons per day (TPD) of input capacity.
 

(d) Modular Combustion Units
 

Modular Combustion Units (MCU) for mass 
incineration are pre-fabricated

systems for use in small scale applications. For larger applications, up to
100 tons per day (TPD), multiple units can be used. 
The MCU has primary and
secondary combustion chambers, with controlled air techniques for combustion of
 
waste material.
 

The MCU's are shop-fabricated, including controls and instrumentation,
and are typically placed on concrete 
foundations. A major advantage of these
 
systems is the minimal installation and erection requirements. MCU's offer
several advantages 
over other mass incineration systems. 
 These systems are
efficient and well suited for small scale applications; they have relatively
short construction periods; there is 
a high level of redundency with multiple

units; and there is flexibilty in sizing with multiple units.
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A.7.2.2 Refuse Derived Fuel (RDF)
 

Refuse derived fuel (RDF) is processed MSW. The principal advantage of
 
RDF over HSW is that it is more combustible, transportable, and homogeneous.
 

There are four types of RDF: fluff, densified, dust, and wet. Fluff RDF
 
'1consists of small sized particles with a very low quantity of 
inert material.
 

Densified RDF is fluff RDF mixed with binders, and then compressed. Dust RDF
 
consists of fluff RDF mixed with embrittling agents, which is then reduced.
 
Wet RDF is made by mixing in a wet pulper MSW and water to a slurry; non-pulpable
 
material is removed; the pulped material is further separated and dried.
 

RDF is typically 50 percent to 75 percent (by weight) of incoming waste.
 
!RDF is produced from MSW through a series of processes including size segregation,
 
•size reduction and removal, and recovery of inert materials. The equipment
 
,required to process MSW into RDF depends upon the type of RDF being produced. 

-< iThe more processing involved, the greater the production costs. 

There are two technologies capable of using RDF: co-fired boilers and dedicated
 
boilers. Each of these systems has a smaller furnace and boiler size than mass
 
incineration systems, due to 
the higher heat content of RDF. The maintenance costs
 
a'ssociated with these systems tends to be lower than that of mass 
burning systems
 
because of the higher quality of the refuse.
 

Co-fired systems use RDF to provide a portion of the energy input of 
a fossil
fuel-fired combustion system. Such systems use two fuels, RDF and a commercial
 
fuel. Co-fired systems can produce high-temperature, high-pressure steam suit
able for most industrial processes.
 

Dedicated boilers are designed and constructed to accept RDF as the primary
 
fuel. The RDF dedicated boilers produce higher-temperature, higher-pressure
 
steam than mass incineration systems. Co-fired systems, owing to their use 
of
 
commercial fuels, produce higher-pressure higher-temperature steam than dedicated
 
boilers.
 

A.7.2.3 Cogeneration
 

MSW cogeneration is the simulcaneous production of thermal energy, such as
 
process heat or steam, and electrical energy from the combustion of MSW. An
 
MSW cog,,eneration system incorporates a turbine generator at the end 
of a waste
to-energy boiler.
 

In order to produce electricity, high-temperature, high-pressure steam is
 
required to turn the turbine. Hence., refractory systems are not typically
 
considered. The preferred systems for steam generation are 
the RDF and waterwall
 
systems. Modular systems have also been used to provide steam for power
 
generation.
 

The choice of a specific configuration for cogeneration can only be made
 
on a plant-by-plant basis. This is due to specific requirements for thermal
 
and electrical energy and other site specific characteristics.
 

In order to most effectively realize the advantages of cogeneration, an inter
connection with the utility network canallow for the export of 
excess electrical
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power. 
 In addition, an interconnection would enable the cogenerator 
to purchase

electrical power from the utility when the cogeneration system cannot meet
 
total electric demand.
 

A.7.2.4 Co-Disposal
 

Co-disposal technologies are those that use an integrated approach to
disposal of MSW and sewage sludge. Co-disposal is designed to consolidate 
the
 

waste management at 
one site, which reduces landfill requirements, and saves
 energy. 
 There are two approaches to co-disposal:!/thermal, and non-thermal.
 
Non-thermal co-disposal relies on 
biological processes such as 
composting

and anaerobic digestion. Anaerobic digestion was discussed in Section A.5.

Thermal processes involve the combustion of MSW and sludge.
 

Three types of thermal co-disposal technologies will be discussed here:

(1) RDF/sludge in a multiple hearth furnace; (2) 
RDF/sludge in a fluidized
 
bed boiler; and 
(3) mass burning incineration.
 

An RDF/sludge multiple hearth furnace combusts both RDF and sludge.

Sludge enters the top of a furnace and is slowly moved down a vertical stack of

hearths by rabble arms. 
Hot gases from the combustion of RDF in the middle

hearths of the furnace dry the downflowing sludge which is then combusted.
 

'The incineration of RDF/sludge in a fluidized bed boiler combusts both
RDF and sludge simultaneously. 
A fluidized bed boiler is a refractory-lined

shell containing a bed of sand. 
 Air is blown up through the bed, which becomes

fluidized. RDF and sludge are 
then injected into the bed and combusced. Two
advantages of fluidized bed systems are that the combustion temperatures are very

high (760*-820*C), resulting in complete combustion, and emissions 
are low,

being, reduced by absorption in the bed. 

Mass burning incinerators for co-disposal use energy produced from MSW
to process sludge. 
The sludge may then be used for combustion or other purposes,

such as soil conditioning or landfill 
cover. 
Mass burning co-disposal incinerators
 
include refractory-lined systems, waterwall units, and modular units.
 

A.7.3 Resource Availability 

Egypt has a population of 45 million people, with most of the population
living along the Nile River. This high population densityi ensures that a
sufficient quantity of MSW is available. 
The collection, transportation, and
preparation of this waste will require 
an infrastructure that,;is either inadequate or not currently in place. The development of this infrastructureb is a
 necessary prerequisite for MSW energy conversion in Egypt. 
 In Egypt two cities
 
are viable sources fo MSW: Cairo and Alexandria. The Cairo area generates

about 4200 tons of MSW per day. 
 It is estimated that 1500 tons per day are

currently collected and recycled for other uses. 
 The remaining 2,700 tons per

day represent a significant resource 
which can be converted to energy.
 

The city of Alexandria generates approximately 1,7.00 tons of MSW per
day, of which 700 tons per day are collected and recycled for other uses. 
 Thus,

there is a significant potential for energy from the remaining 1,000 tons 
per 
day . 
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The existing waste collection : v te s of both cities are inadequate. In 
Cairo, it is estimated tha 30 percent ot the garbage generated is left on the
 
streets. 
 Larger truck fleets will b,. required in both cities to improve the
 
collection of 
MSW as well as Improve Lhe viability of converting this waste to
 
energy.
 

A.7.4 Market Readiness
 

The availability of MSW technologies in 
the market is dependent upon the
 
state of development and degree of successful commercialization for each of the
 
technology types. 
 Most of the systems discussed here are In or beginning comner
cial operation. 

Mass Incineration -- Mass incineration of MSW in refractory, modular, and 
waterwall systems is 
currently in ,'on,:raal operation. These Whree Lchuoio
gLes have been widely used in tLh Kn itud Stat s, Lurope and Japan. The 
rotary

combustor system is a more recent dviloment that n.; been In commerc ial oper
ation in Japan and the United WkA Si nc l)01.
 

RI)F -- Both co-fired syt .:':and dedicat,,d RID" boilers have ben In com
mercial operation since 1972 in 
 : l ited States. More widespread use of RD'
 
systems has 
occurred in hurop,:. iar ir sys tems were plagued with reliability
 
problems. Systems built 
more recently ha'.e incorporated des ign changes to
 
e lininate these problems.
 

Cogeneration -- MSW cogenerat ion technologies have been used in both Europe

and the United States for over 30 years. Recent regulatory changes in the
 
United States have encouraged cogeneration and contributed to 
accelerated
 
development and increased 
use.
 

Co-disposal -- Co-disposal 
has been demonstrated and is commercially
 
available in both 
the United States and Europe. The multiple hearth furnace
 
has been used since the 19 3 0's. The fluidized bed boiler has 
been in commercial
 
operation in the United States 
since 1981. blass burning co-disposal systems
 
have been used in the United States since 1973.
 

A.7.5 Economic Viability
 

The cost of an MSW technology is dependent upon several 
factors, including:

the technology type; 
the system size; the output; and the quality of refuse
 
burned. A review of installed system capital costs in 
the United States clearly

illustrates 
the range of costs for each of the technologies (see Exhibit A.40).
 
It should be noted that 
some of these systens were installed as early as 1965, 
and that today's costs could be expected to be higher. 

In general, modular sys teMt tend to be less expensive than custom built 
systems. The economics of MSW sys,ms are also dependent upon the level of MSW 
pre-processing. Pre-processed >1;W does not. require fuel processing systems to
 
rmnvop non-combuctihe material 
from the waste. Such systems tend to have 
lower capital equipment cost than systems us ing raw or unprocessed MSW. 

The degree of pre-processtng also impacts on 
system efficiency. Highly

processed MSW has a higher heating value 
than raw waste, thus more usable 
energy
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EXl!IT A.40W 

SURVEY OF M5W T!.CIl!fLOGY CAPITAL COSTS 

Technclogy 
 Capital Cost - $1000's/TPD capacity 

Mass Incineration 

- Refractory units 60 - 80 
- Waterwall units 40 - 95 
- Rotary combustcr 60 - 80 
- Modular 12 - 75 

Refuse Derived Fuel
 

- RDF co-firing 
 15 - 25
 
- RDF dedicated boiler 80 - 90 

Cogeneration 

- Mass burning cogeneration 45 - 130
 
- RDF cogeneration 50 - 76 

Co-Disposals 

- Modular 97 - 168 
MHF 

- Mass burning FBB 16 - 136 

Wat e rwa 1 

Developed from information provided in City Currents, April 1984 
(United States
 
Conference of Mayors, Washington, DC) 
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can be obtained per ton of was te Iinenrated. MSW systems; should not be 
evaluated on the basis of cost p.r ton of waste per day, but on the basis of 
cost per unit of usable energy. 'ih;, A tor system of equal rost, a system which 
uses raw waste and requires separ witn systems to ruive aion-coiItntIS ble waste, 
will tend to have a higher co;t ' :: of table enocrGy thant a ay. term us lug 
processed waste. The cost of h1 proesseld :;W ,ttn, tld nclude the co1st;s 
of collect ing and processinu ' ',t, 

Whether MSW technolog'e. ':ts.capetu wit h existing direct fN cd sy'st ums 
remains to be deteroined. IntalleI napi al costs for these svtems is dependent 
upon the technology, pirc-prucv s;!, UquilD ny :,. e, specific- -at , ten site 

requirement s, and many other factrq;. in1 i a votrab ci rcumstainct-es >1W
05 Colversiton
 
systems can he installed fur $20,H' I. Systems•I cia vasi l cost 150,()001/TP)
 
and more. The economics of MW twhhuk.,!,i in E',ypt ' At only he dLermined
 
after cite specIfic analyses.
 

A.7.6 Industry Status
 

Exhibit A.41 through A.44 l ist some of the manufacturers of MSW technologies. 
All of these manufacturers have pr)dired systems that are in commercial opera
tion. Ma'ny of Hu herethe compan ie l 1. st , are large and 'w'oll-cstab.iIshad, whil
 
others are relatively ne1w biusile.LsQ.
 

The larger companics (GiE, BAbock & Wilcox, Combuistion Engineertng, among
 
others) are inter-natLin:il in scop, with a broad range of products and services
 
includi::,, a:d service contracts, and in some instances, financing.miintenamtce 

A.7.7 Current RaD)Thrusts for Technologie s 

MSW-to-energy conversion techno iogies have been in existence for over 50 
years. The technological sophisLicatIon of these systems nas increased 
dramatically over this time period, pa.rtic arly In the last 15 years. 

The combustIon of MSW in ]li- witerwall incinerators or in small qcale 
modular systems are the mos. techl, lI al 1" dveloped technologies to date. 
Although these technologies hay,y hiehd commerciallzation and others are 
emerging, there is still research ho lI.,a, for the purpose of minimizingconducted 
emissions and improving system economics.
 

A.7.8 Relevant Experience in Egypt and Other Countries Using 1W
 

Internationally, there is a growing inventory of MSW conversion systems. 
The majority of these systems arc ill iurope, Japan, and the United States. As 
of 1983, there was 368 systems Inst:led worldvide, of which 212 are luropean 
85 ar" Japanese. Exhibi t A.4 5 1i .:; the s;ys;tes by' coun1try. 

The viability of MSW t tniulu ivs iLn Egypt is dependent upon four factors: 
the public infrastructure; wanste ;iv:tIlahility; ind, strLal aevelopment; and 
experience. The success of an MY, t echtnology program in Eypt is contingent 
upon the degree of development At e,:ii of these four factors. 

The necessary public infrastructure for MSW technologies would include a
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EXHIBIT A.A ]
 

MANUFACTURERS OF RE rIACTORY AND WATERWALL 
MASS INCINERATI)N SYSTEMS IN THE U.S. 

o Combustion Engineering o Johnston Boiler Co. 
Windsor, CT1 Ferrysburg, Ml 

o Detroit: Stoker Company o Kewanee Boiler Co.
 
Monroe, NJ 
 Chesterfield, MO
 

o Consumat Systems, Inc. o Riley Stoker Corp.
 
Richmond, VA 
 Worcestershire, M1-A 

o Energy Systems, Inc. o E. Keeler Co. 
Hixson, TN 
 Williamsport, PA
 

o Foster Wlheeler Energy Corp. o Browning Ferris Industries 
Livingston, Nil Houston, TX 

o International Boiler Works Co. o SPM Group 
East Stroudsburg, PA Englewood, CO
 

EXHIBIT A.4 2 

MANUFACTURERS OF MODUILAR COMBUSTION 

MASS INCINERATION SYSTEMS IN THE U.S. 

o Consumat Systems, Inc. 
 o Detroit Stoker Co.
 
Richmond, VA 
 Monroe, MI
 

o Basic Environmental Engineering, Inc. o E. Keeler Company
 
Glen Ellyn, IL 
 Williamsport, PA
 

o Environmental Control Products, Inc. o Enercon Systems, Inc.
 
Charlotte, NC 
 Cleveland, Oil
 

o Clear Air, Inc. 
 o Contro Division
 
Ogden, VT 
 Meadville, PA
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EX1HtBiT A.,1,3 

MANUFACTURERS OF RPF CO-FIRED SYSTENS AND 
DEDICATED 01 E SI: I N TILE UNITED STATES 

o Aenco, Inc. 
 o Babcock & Wilcox
 
Albany, NY North Canton, Oil 

o Combustion Engineering 
 o Foster Wheeler Corp.
 
Windsor, CT 
 Livingston, NJ 

EXHIBIT A.44
 

MANUFACTURING OF MSW COGENERATION 
SYSTEMS IN TIHE UNITED STATES 

o Detroit Stoker Company 
 o E. Keeler Company
 
Monroe, MI 
 Williamsport, PA
 

o 
Combustion Engineering o Basic Environmental Engineering, Inc. 
Windsor, CT Glen Ellyn, I, 

o Rescoe-Signal Corp. o Browning-Ferris Industries 
Hampton, NII 
 Iou;Ion, TY 

o Enercon Systems, Inc. General Co.o Electric 
Cleveland, 01 Schnnectady, NY 
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reliable collection and transportation system to gather and bring MSW to the
plant site. In Egypt, with population and transportation development heavily
concenitrated along the Nile River Valley, the collection and trasportation of
MSW would not appear to be 
a_maJor difficulty ..More detailedinvestigations......


6~ld b& necessary to determine further requirements. 

Another element of the public infrastructure which bears mentioning is
the power system. 
This system can be divided into the gerneration system and
the distribution system. 
The success of certain.MSW cogeneration technologies,

is dependent upon access 
to the utility grid, so that cogenerated power may be

exported to the grid and utilized. 
With a developed distribution network
 
cogenerators will be able to interconnect with the grid and provide both energy
 
and capacity to the utility.
 

The availabilty of waste in Egypt is the second of the four conditions
 
essential for MSW technology development.
 

The third condition necessary for successful MSW technology development

in Egypt is a level of industrial development capable of utilizing the steam,

heat, and power that 
can be provided by MSW technologies. Egypt's largest

energy consuming industries are: 
 metals, building materials, chemicals,

textiles, and small scale industry. 
 It is estimated that these industries will
 
account for nearly 78 percent of total industrial energy use in' 1985., All of

these industries could benefit from steam generated from MSW.
 

Particular advantage of MSW-fired steam is it 
can displace the use.of
electricity in the commercial and industrial sectors. 
 In Egypt, where total
 
energy consumption is projected to increase at 
six percent per year, electric
 
demand growth is projected at 
9.9 percent per year. The displacement of electric
 
energy with MSW derived energy can reduce the necessary investment in high

cost, capital intensive electric capacity.
 

The final condition for MSW technology development is experience. 
 With
little direct experience with the design, construction, and operation of these

technologies, Egypt would be dependent, initially, on 
foreign expertise.

Although additional activity would be required in MSW collection and processing,

Egypt appears to have the basic requirements for the use of MSW technologies.
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JExntnI .FA./5 

SUMMARY OF W{)lR.LIWj )j INVENTORY OF
 

WASTE TO ENLdRGY SYSTEMS
 

Country No. of Svstems Installed Capacity (Ton/Day)
 

Aust-ralI a 1 
 520
 

Ausf:r Ia 
 2 1 ,320
 

Be I ium 2 
 1 048 

P 1ril 
 2 660
 

Canada 
 3 2,800
 

CLtchos lovakia 1 864
 

Denma rk 
 35 6,348
 

F i 11a ind 
 2 640
 

Fr , c e 
 26 11,858
 

(,ermany, FCR 
 39 23,389 

Hong Kong 3 3,216
 

H1ungary 1 1,440 

It a I y 24 9,997
 

Japan 85 44,581
 

Luxemborg 2 600 

Monaco 1 280
 

Nether lands 
 6 8,637
 

Norway 
 8 206 

Singapore 1 1,440 

Spain 
 4 1 ,158 

Sweden 24 5,456 

Switzerland 
 26 7,600
 

United Kingdom 9 
 4,624
 

United States 55 
 34,870
 

U.S .S.R. 
 6 5,032
 

Total 368 
 178,584
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A.8 Passive and Hybrid Solar Heating and Cooling and Daylighting 

A.8.1 Technology Description 

Passive solar heating and cooling technologies utilize thermal energyflows in the building system by natural means 
such as radiation, conduction and
convection, using only energy available in the immediate system. 
Hybrid
technologies integrate the use of other energy sources 
- such as !electricity to power fans and pumps - to improve the heat transfer/heat flow mechanisms, butto a lesser degree than the heat 
transport function served in active solar
systems. Daylighting involves integrating concern for maximizing use of natural
lighting into builaing design by Judicious placement of apertures and reflective
 
surfaces.
 

It should be noted at 
the outset that the first step towards improving
the way a building uses energy is energy conservation, including initial design
and operations and maintenance 
over the period of the building's use. This
involves consideration of such things as 
insulation, construction materials and
infiltration barriers. 
 It is the cheapest way to save energy, and will greatly
enhance the efficiency of any passive solar .ystems which are 
integrated in the
 
design.
 

Passive solar options are much more practicable when they are included
in the initial design. 
While it is possible to, retrofit buildings with passive
solar systems, the cost 
can frequently be prohibitive, and the energy performance

results are more difficult to predict.
 

A.8.1.1 Passive and Hybrid Solar Heating 

The basic components of all passive solar heating systems are 
south-facing glass for collection, and thermal mass 
for hea absorption, storage and distribution. 
 Systems have different methods of collecting, storing and distribu
ting heat, and can be classified in. three categorie,: direct gain, indirect
 
gain and isolated gain. (See Exhibi[t A.46).
 

a) Direct Gain passive heating systems are 
the most common passive

solar design. 
the occupied space of the residence or commercial
 
building is directly heated by 
the sun.
 

b) Indirect gain passive heating systems utilize a storage mass which
 
collects and stores heat directly from the s"n and then transfers
 
heat to the occupied space.
 

c) Isolated gain passive heating systems collect and 
store solar radia
tion in a secondary space which is separate from the occupied space.

Heat collected and stored in the secondary space can be vented or

transferred to 
the occupied space by conduction through thermal mass
 
or by convection through air between the two 
spaces.
 

These basic passive solar heating options can be assisted, by the addition
of fans and heat pumps 
to the system, creating a hybrid systIem. The pumps and
fans improve the distribution function by increasing the convective flow of air
within or between rooms, especially when air between the rooms is 
stratified
 
on multiple levels or set apart by walls.
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The biggest concern with passive heating systems is control. Options
for controlling heat output during periods when additional heat is not desired
will be discussed in the passive solar cooling systems section (A.8.1.3).
 

A.8.1.2 
Dylighting-


Daylighting involves integrating the 
use of gl9s-'in sout facing
windows, clerestories and roof monitors, with light ballasts and shelves.
Light is brought into the occupied space, then used directly or 
reflected as
diffuse light throughout the occupied space. 
Light is brought into the space
through windows at the level of the occupied space, or 
tihrough such mechanisms
as clerestories, roof monitors, or skylights at roof level. 
 As the light enters
the building it is reflected off light ballasts or ligh ,,Bhelves placed near,
windows or hung-beneath clerestories or skylights, and the light is reflected
from the light-colored ceiling and walls.' 
This produces a diffuse light across
the eccupied space at varying depths as 
determined by other design considerations.
 
(See Exhibit A.47).
 

As is the 
case with passive solar heating systems, the key concern is
control. Generally cooling loads 
in buildings should decrease when daylighting
is integrated in the design because daylighting has 
a high luminous efficiency;
it can provide a given amount of light with less heat than is normally produced
by fluorescent fixtures. 
Daylighting design can save 
substantial amounts of
electrical energy and operating costs, provide excellent lighting quality, and
reduce peak loads 
on electric utilities. The lighting fixture layout must be
designed both to complement the daylighting and also to operatetas an independent
system after dark. 
 In addition, the lighting control system must be an integral
part of the design. 
However, bringing in radiation will bring in heat as well;
,> great,care in design must be taken to prevent adverse impacts on cooling loads.
Techniques for mitigating such problems will be discussed in the following

section.'
 

A.8.1.3 Passive Solar Cooling Systems
 

Passive solar cooling techniques', 
are not as much a function of equipment
as of appropriate building design siting and construction techniques, and some
ongoing maintenance or operation by building occupants. 
 Techniques include
load reduction, earth sheltering, roof ponds and stack effect, earth tube,
natural ventilation and solar chimney designs (see Exhibit A.48).
these techniques may be used AnyLof
-
one or more should ;be used
overheating effects of passive heating 
to offset the possible
 

or daylighting systems.
 
a a defensive cooling technique, preventing the 

a) Load reduction is 

sun's rays from entering the building by shading the'windows, walls
or roof. 
 Where monthly mean temperature averages are less than
27"C, controling solar heat gain can virtually eliminate the need 
 a
for othe forms of cooling. The most effective shading prevents the
sun from striking the building, such as overhangs,and awnings, or 
by
plantings of vegetation. 
Operable shading devicLis
versatile and adaptable to human comfort, but 

are even more,
 
care should be taken
in selection of materials. 
 Note also that 
some considerable
maintenance and operation of the system is required (see Exhibit
 

A.49). Different types of glass and films for coating glass have
been developed which reflect sunlight and/or heat. 4>In most cases,
 
aa *:-:
" 
iuse of shading options is a more desirable option because shading
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While Surfaces 
0""'" " 3 lttd. Fioureacent Light1 Insu la lln g a l o $ f 

Electrlcsl Conduit 
Removable CallingLight Baffles Mechanical 

Concrete Beam Plumbing 

Clerestory design -- winter solstice. 

X ..
 

- . ........-... "...
 
COOLING 

,-*<44.A 
 k ...
 

kfm- h ts"uITT._ Light shelf design
winter solstice. 

"" HEATINGHEA:iNGEXHIBIT A -4 7 
meFigL The HYAC system is operating at constant volume during 

dringDA YLIGHTING DESIGNSoccupied hours, It is designed forabout 45 hours/week occupancy. A AND INTEGRA TEDtime clock sets hours of operation and unoccupied period cyclingconditions. A night thermostat allows for temperature setback or setup,
as appropriate. MThe large volume'ventilation fan is designed to bemanually operated'and may be switched on or of at DA YLIGHTING SYSTEMSwill The coolingsystem is controlled by Inside/outside thermostats which povide therequired mix of outside air Yention and refrigeration to provide for
comfort conditions. 
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S -r- - - - STACK EFFECT 

LOAD REDUCTION 

L____ 

I 

-- -. . 
5 EARTH TUBES1

............7.. 

2 EARTH SHELTERED 

6NATURAL VENTILATION 

3 ROOF POND 
_ 

EXHIBIT A-48 

PASSIVE SOLAR 
COOLING OPTIONS 

7 SOLAR CHIMNEY 
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OVERHANG - When sized properly will allow low angle winter sun penetration while 
shading out high summer sun. An overhang will vary insize depending on its shading 
requirement and the latiltide in which it is used. 

AWNING- Simple shading device that can keep out summer sun while allowing entry
of low winter sun. Appropriate where overhangs are not practical, such as the first floor 
windows of a two story house. 

Offers several options or modes for varied conditions:MULTI-PURPOSE SHADE 
including reflection, (heat gain reduction), and insulation, Has several operable shades 

with different characteristics in one housing. 

EXTERIOR ROLL DOWN SHUTTER - Intercepts radiant solar gain outside the livin 
space, becomes healed, and in turn reradiates heat energy back into the outside air 
some models reflect as well. 

EXHIBIT A-49
 

PASSIVE SOLAR COOLING - SHADING MECHANISMS
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devices are considerable more flexible for adaptation to changing
seasons and climares.
 

b) Earth sheltered 
 buldin n are provided with additionalin insulationthe earth bermed Aloing the exterior 
heat of the building, preventingloss in the summor and heat gain in the winter (see Exhibit 
A.48).
 

c) Roof ponds 
 can he used for bot h passive heatLing and cooling.heating mode In theheat is cl cted from the sun duringtransferred the day andto the occupied space at night. In the coolingpond is covered in mode, theU Idi itL
h a Light or reflectiveprevents material whichheat gain. 'Th I is,)n uncovered in the eveningtransfer to allow heatfrom the ccipi space, and evaporative cooling fromihipond (see Ehibits ,
A M ,'n A.50). Stacknatural effect, earthventilation itubies,,uld W]lar cimf:nneys are examples of convective 

cooling.
 

d) The stack 
 effect occhlir; when warm air rises to the topspace. An opening 
the 

of a tallat UP., top exhausts warmed airat floor level while openingsadmit ouitol air to replac, It. (See Exhibit A.48) 
e) Earth tubes take advang. of the stack effect,the outside but include passingair thl a tilbe wifch runs underground.earth Because theis insulated Lis; provides additional assurancemoving through the ha IIin; 

that the air 
will be cooled. (See Exhibit A.48) 

f) Natural ventilation Involves openirn windows
allow or other apertures tobreezes to Lii 'miiipass a bil dIng. Proper windowenhances locationthe process; IoO .r Inlet openings will directthrought the airthe occupied Nrw,, while high inlets will createabove the occupants' a drathyadq. 
 The outlet locationbut should has little effectbe as large as i 1sible. Land use planningimportant; also becomescare should bn taken not to place buildings so thatflow of natural bree:x, is 

the 
Interrupted. (See Exhibit A.48) 

g) The solar chimney utilize; an enclosed areaof near the top ofair flow to allow tb the pathI to become more heated.entire column In this way theof air in the chimney is hot, creating the buoyancyenhance the toair flow. (See E:hibit A.48)
 

Daylighting 
 clerestories and roof monitors provide a ready source ofrool level ventilation.
 

Dehumidification, is another passive solar coolinghas a high water option. Air whichvapor content, humid air,humidity from the 
feels warmer, therefore removingair increases the human comfort factor.fied Air canby passing it be dehumidithrough a desicant material.regenerated The desicant materialfor further use by can heheating the tomaterialevaporate using allow the moisture tosolar heat or reject heat from mechanicalconditioners. equipmentThis system must or airhe considered to be still in the R&D phase. 
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A.8.2 Resource Availability
 

Egypt lies in the solar belt with 
an annual average insolation of 800
 
KJ/cm2 . The direct component of solar radiation is 88 to 
95 percent of the
 
total on a clear day . Sunshine hosday, f...............................
 
with only thirty cloudy days per year in the North.
 

The largest need is for cooling - cooling degree days range from 2200 in
 
Alexandria to 3000 in Cairo. 
 There is a significant cooling resource inithe
 
diurnal temperature swings and clear night skies which typify Egyptian climate.
 
Lighting represents another target 
for passive application. Although there is

nothing which can be characterized as a resource 
for this application, consump
tion trends showed that it is a sig'rifficant component of energy demand.
 

In additional to the solar radiation, there 
are requirpments for basic
 
construction materials. 
 Materials such as 
steel, cement, glass, and aluminum
 
are all manufactured in Egypt. The requirement for these materials is substantial
 
since the utilization of solar energy resources 
requires considerable area with
 
collection surfaces capable of withstanding severe environmental conditions.
 

Support structures, towers, and storage tanks 
are needed in the passive

solar design. These are similar in construction to the conventional equipment.

These systems require various skill levels in metal forming, welding, plumbing,

mechanical assembly, site preparation, concrete pouring and other labor skills
 
common to a range of conventional systems. 
 These skill levels are readily

available in Egypt. However, special training may be required for many aspects

of design, manufacture, installation, operation and maintenance. 
Manpower

training load 
can be handled by the Solar Energy Laboratory at the National
 
Research Center, Cairo University and Helwan Institute of Technology.
 

A.8.3 Market Readiness
 

Passive solar designs and technologies have great potential to increase

the efficiency of residential and commercial building performance in Egypt.

Generally, no new equipment market has to be developed for adoption of current
 
passive buildings designs and technologies; it is simply a matter of developing
 
an awareness and basic level of 
knowledge in the construction industry and
 
among the consumers. Over the last 
twenty to thirty years this awareness has
 
been developing in the United States. 
 It is now to the point where it is not
 
at all uncommon for contractors to integrate passive and energy conserving

considerations into designs and development plans. 
 Home buyers and developers
 
are placing a growing premium on the availability of passive solar options,

particularly sunspaces and skylights, and on conserving features insulation
 
and double pave glazing.
 

Traditional Islamic architecture is well recognized as 
the origin of
 
numerous passive solar cooling techniques. The courtyard, the high ceiling,

and malkaff (wind catcher) are among the design features that have dominated
 
Islamic buildings over the past few centuries. With the current substitution
 
of modern design concepts, indoor comfort levels have, in many cases, deteriorated.
 
The restoration of traditional Islamic design concepts along with the application

of other passive cooling features has significant potential for improving

comfort levels and reducing air conditioning demand.
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When compared with contemporary modern buildings, traditional Islamic
 
r 
buildings found in Cairo appear to maintain more comfortable indoor temperatures.


If simply for reasons of energy conservation and comfort improvement, many.

traditional design.features.are worth analyzingmore fully and -retai-ning in
 

,future construction pr'actices. 
 The lower initial cost of many contemporary

construction techniques "such as 
thinner roofing should be weighed against the
resulting higher cooling loads and the implictions of reduced indoor comfort on
 
productivity and general well-being.
 

Egypt's Five-Year Development Plan, together with it's 
traditional
 
architectural styles, present a ready market for passive solar design and

technologies.. Prevailing construction standards include the use of concrete,
 
mud plaster and alobe - like materials in thick walls. 
 This thermal mass
 
provides the good insulation properties critical to collect and store the cool
 
temperatures generated by passive technologies, while the use 
of small windows
 
prevents excessive solar heat gain during the cooling season. 
 Design changes

then would be on a relatively small scale, including relocating windows,

improving ventilation, modifying roof 
structures to accomodate clerestro1.es,

roof monitors and skylights, and providing for shading devices. 
 The Five-Year
 
Development Plan goal of 5.8 million new units and 2.1 million units for
 
upgrading or replacement implies a readily accessible target for passive design

and retrofit. 
Because a large portion of that new building stock is directly

or 
indirectly under the control of the Egyptian government many of the construction

and design changes 
can be centralized in the Ministry of Housing and Reconstruction
 
and the General Organization of lousing Cooperatives.
 

Passive solar technologies provide some 
of the most promising renewable
 
energy options for satisfying a major portion of building energy needs. 
 energy

savings by construction of passive solar homes have been encouraging. 
 In 1982,

the estimated energy savings for passive solar homes were 
of the order of 2.5

trillion BTU and for passive commercial buildings were approximately 1.4 trillion
 
BTU in the United States. 
 The number of known buildings incorporating passive

solar engineering designs has grown from a handful of 
research and demonstration
 
facilities in 1977 to more 
than 100,000 today.
 

According to the brick and masonry industry, the share of passive solar

designs has grown to approximately 10 percent 
over the last few years. Sales
 
of window and insulating films are steadily growing based on 
both conservation
 
and passive demand. 
The passive solar products market is expected to grow

rapidly in the next 
few years. Surveys conducted among consumers in 1980 and
 
1981 reveal that energy efficiency is the most important factor for home buyers
 
after the initial investment cost (5).
 

A.8.4 Economic Viability
 

The number of known passive buildings using the engineering principles

for energy collection, storage and distribution was estimated to be,100,000 in
 
the United States. The number of nonresidential buildings was estimated at

about 7,000. 
 It is projected thai the number of passive commercial buildings

would be 15,000 by 1985. The criteria for selection of passive systems by the

potential users are first cost, aesthetics, reliability and maintainability.
 
energy efficiency is increasingly becoming an Important issue to home buyers.

An additional $1,000 spent 
on energy efficient products saves 
$100 annually oln

fuel bills (effectively a 10-year payback period). 
 The materials for passive
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solar use represent between 5 to 15 percent of total sales volume.
 

-~- A.8.5 Industry Status, -

Passive solar designs and technologies do not require the development of
 
new industries or production facilities so 
much as the education of4the construc
tion industry and, for some applications, the building occupants. (iAlthough 
 the
 
government can determine design guidelines;or structural formation,to be used
 
by contractors and construction companies, the fact that the efficiency of
various passive solar applications depends on site specific and building use

criteria requires that they also be knowledgable of the mechanics of design and
 
technology function and form. For example, passive cooling methods present

several challenges when applied to large buildings such 
as the multi-family and
 
commercial structures which dominate the Egyptian building sector. 
Significant

savings can be achieved with natural lighting and natural ventilation by

increasing the exterior surface area of the building. 
Wise thermal design of
 
the increased external wall area, will be required to compensate.
 

Including the use of high levels,of 
insulation and thermally efficient
 
glazing systems, analytical and performance testing experience with multi
family or commercial buildings is 
still quite limited.
 

A.8.6 Current Passive Solar R&D Thrusts
 

There is substantial research going on in all areas of passive solar

technologies. 
Most of the research is directly or indirectly related to
 
increasing the cost effectiveness of passive solar building design for heating,

cooling and daylighting, and on 
advancing and refining current technologies.
 

Much of space conditioniing research is concerned with improving the
 
ability to predict the increase in the efficiency of building energy performance

associated with passive solar design. 
This work centers on developing predictive

models 
- computer and graphic and on monitoring buildings to test the accuracy

of those models. Research is also being done in the basic heat transfer
 
processes particularly convection, and the development of move 
efficient desic
cant systems and components for cooling.
 

Daylighting research has focused on 
improving the understanding of day
lighting systems and their interactions with other building energy systems, and
 
developing more sophisticated daylighting methods. Goals 
are to improve the
 
cost-effectiveness reliability, and 
even spatial distribution of light.
 

An overeaching research and development thrust is in materials development,

analysis and testing. 
 R&D is being done in glazings, reflective coatings, thermal
 
mass and desiccants.
 

A.8.7 Relevant Egypt/Worldwide Experience in Passive Solar
 

Some limited passive solar activity is taking place in Egypt. 
Most
 
notable, CARE has constructed some experimental structures in Aswan. 
The
 
American University in Cairo has been at 
the forefront of developing passive

solar technologies for desert development. A large building housing the Desert
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Development demonstration and tr"Wnim; center was built u, Ilg locally avail
able adobe bricks. The design Is;ha a ed on traditional CnoLi and Moslem 
architectural principles wit i pri;;i .n t use of traditional domes and vaults;. 
Government program:s in the area A passivte volar designts are not developed yet.
Architects, enginee,rs and hi,!IA :n; r mac
,',', n <r, arc generat ly nut ftmiliar with 
passive techniques. 

Examples of United Stattn, p raic Lt with utiLtties are shown in Exhibit A.51 
Additional cooperation projects L-re unider uider the aegis of IEA in performance 
modeling and testing and ma teria],q rt;earah. 
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EXHIBIT A.51 (Cont.) 

UTILITY 
 PROJECT 
 REASONS FOR FUNDING PROJECTS 

Sacramento 
 e Targeting technical, marketing and educational o Planning future seminars to focus on
MunilcIpal Utility 
 progress primarily at builders entering passive 
 new California energy building stan-
District 
 market 

dards to help builders get permits
o Conduct computer energy analysis of builder 
 for energy-efficient housing.


home designs
 
* 
Certify homes that meet design criteria
 

Tennessee Valley 
 o ra-s de Inc with new coDstruction, retro- Preeminent utility fcr helpinga
Authority 
 f'iD, mod,r homes, do-:-,,.rsef activity passive solar residential market
 
and so!D extension service information access penetration
 

Nashville Electric c 
PrcmotIng energy conservation and solar through
Service * Reduced peak demand 75
outreach services 'or 4%
 
per year
 

* Lendin funds 
for solar hot water heaters
 
a Offering low-Interest loans 
for passive retrofits
 

Source: 
 "Solar Energy Technology Resource Book" Active and Passive Solar Technologies. July 15, 
1982.
 



APPENDIX B
 

DEGREE-DAYS CALCULATIONS
 

FOR ALEXANDRIA, CAIRO, AND ASWAN 



HEATIN LOAD CALM.TIO FOR PLEXAWDRIA 

DESCRIPTIO]N VARIA. UNITS JAN FEB MAR AR MY JUN JL AUG SEPT OCT NOV DEC 

BWS TED. 
IliTI&Y r;Y8. TEK5. 

Tb 

Ta 
I deg C 

deg C 1 
18 

13.5 
18 

14 
18 

15.6 
18 

18.3 
18 

21.4 
1 

24.2 
18 

6.1 
18 

26.7 
18 

35.3 
18 

22.8 
18 

19.3 
18 

15.2 

AV. TEAR TE-. I Ty de c C 1 20.2 20.2 20.2 20.2 20.2 20.2 20.2 20.2 20.2 20.2 20.2 20.2 
JtJ RY VEZ4TEKPP. 
,iJJ3ST Pz-E TEW. I 

I 
I 

deg C 
deg C 

I 13.5 
26.7 

AVE. iUJAL [FS-IDITYI I 1 70 

FHS PER 9_NTH 

Ha-3S PER K-NTH 
I 
I 

D 

r 

IDAYS 

I HOURS 
1 

1 
31 

744 
28 

672 
31 

744 
30 

720 
31 

744 
30 

720 
31 

744 
31 

744 
30 

720 
31 

744 
30 

7.; 
31 

744 

CALC. FOR STD DEU. 
STD D V. Ta/Ty 
STD DCV. Ta 
H FACTOR 

DIST. FLC. OF Tb 

5qT 
I SDy 
I S 

H 
IDh(T ) 

I 

I 

deq 
deQ 

C 
C 

44.99 
14.872744 
I1. 0 
0. 5840 

I 143.5 

3.44 21.1; 
4.43467 4.0?0%7 
1.33435 1.2&453' 
0. 564785 0.340363 

120.0 3K.0 

3.61 
3.774194 

1.169906 
-0.04681 

34.9 

1.44 16 34.81 42.25 
3.730464 3.712276 3.511539 3.0275t 
1.0771. 0.2l.q4735 0. 52&S6. 0.876732 
-0.56694 I. 379K -!.57C60 -1.7&36 

7.5 1,0 0.3 0.1 

26.01 
2. 307694 
0. 3-
-1.53277 

0.2 

6.76 
1.7207C3 
0.9.736 
-0. 954-5 

1.8 

0.81 
1.5-17P, 
0. ?-9010 
--Q.23; 

17.6 

25 
1.5C-7,56 
1.10930I 
0.453343 

97.8 
I I I 

r-'TFLY _AT1I3 DOS I 
I 

DDs Id2g-days 
I 

I 
I 

148 5 120.0 93.0 34.9 7.5 1.0 0.2 0.1 0.2 1.8 17.6 97.8 

YEARLY IEATIK: Ds D~s Ideg-days I 521.6 
ItttI-*t**"-****H*I*'I**-~*~,ttii~-j ftt-It-i** t t~* *-**f t i-tI **+*It *ffHt-"t**+If+****{ i I, 1i** Iff *If* ff- t i +* - -ifof t**if+* H f-t 



COOLING LMD CALCDLTION FOR ALEXPMDRIA 

DESCRIPTION VPRIAB. LNITS JAN FEB MAR POR MJA N Jt_ PJG SEPT OCT NMV 

rfGITLY A3. TEEP. 
ITP.Tb 
I Ta 

Ideg C 
deg C 1 

25 
13.5 

25 
14 

-5 
15.6 

25 
18.3 

25 
21.4 

25 
24.2 

25 
26.1 

23 
2,.7 

25 
25.3 

25 
22.8 

25 
19.3 

25 

15.2 

,j03,' 

PVE. 7Ekn#. 

TVI.T , 

I T dea C 

deg C 1 

2Q.2 

13.5 

20.2 20.2 20.2 20.2 0.2 20.2 20.2 22L..2 20.2 . 

#zJ,{JST h,',. 

-. 
TE .deg
I,HJiDITYI I 

C 1 
1 

6. 7 
70 

DAYS PE. riTH 
#F kiTH 

D 
IJFSHr 

IDYS 
I .DJR 1 

31 
744' 

28 

672 
31 

744 
30 

720 
31 

744 
30 

720 
31 

744 
31 

744 
30 

720 
31 

744 
30 

720 
31 

744 
CP-r. FOR STD 0EV. 
LTD DEV. Ta/Ty 
STD D*V. T. 
H FACTOR 
DIST. FU',. YL Tb 

SqT 
I yI 

50a 
H 

1.(Tb) 

deg C 
do C 

I-1.49449 
I 

1 4-4.89 38.44 
V:.87274A 3J,4,z7 
1.- 35 

-1.55315 
0.4 0.3 

21.16 3.61 1.44 
A.02 -,73.774194 3.730464 
126452 1. 16K96 1.077102 
-1.33504 -1.0455 -0.5'x23,-29 

0.7 1.6 6.7 

16 
3.112876 
0.9_4735 
-f, 1463 

22.8 

34.81 42.25 26.01 
3.511539 3.C276Kx 2.307694 
0.32_266 0.876732 0.8653 
0.213-32 0.3-,&57 0.I 

2.7 64.6 33.3 

6.76 
1.72,729 
O.'3-5 
-O.'3754 

9.4 

0.81 
;.531784 
0.73010 
-. 0,i30 

1.3 

25 
1.507556 
1.109301 
-1.586.70 

0.3 
UMi-VY C6OI S DDs I DDs Idej-days 0.4 0.3 0.7 1.6 6.7 22.8 52.7 64.6 33.9 9.4 1.3 0.3 

YThPY CDDLM DDs 1 DDs Ideg-days 1 194.7 
-!" -x' ' 'I - ! ' 'I IF4 1 ; l I I I I I ! ' l I I 4F~ l I l l l l i l l l l l l I l i I I I I I i l If # f f" I ;-#f-* f ' #I I f I - I H *-*,** * II4 * 4- ;- I I- HI,I .4 



fWfATIlr LOAD CPAL{LTION FOR CAIRO 

DESCRIPTION VARI AB. LNITS JAN FEB MR PR MAY JLN JUL AU SEPT OCT NOV DEC 

IPSE TEMP. 'Tb 
r0NT,LY PVE-.TErP. 1-

W Y,..17-P. TE. I Ty 

JW'JPY ? FE P. 
PtFJST PrA TEP. I 

AVE. RZU'PIIDITYI 

N YS PER MTH D 
-UJRS CR r2Nfir I Hr 

CAlC. FOR STE r:. SaT 
STD EV. TaiTy I Sy 
STD DEV. Ta I SFv 
H FCTOR H 
DIST. FUK. (IFTb IDh(Tb) 

iWPLY H.LT1I5 DDS I DDs 

I 

YEARLY HEATirG DDs I D~s 

Ideg C Ii 18 18 i 
deg C 13.2 14.2 16.6 20.2 

deg C 21.2 21.2 21.2 21.2 

I deg C 1 13.2 

deg C 1 27.8 

1 56 

I DYS 1 31 28 31 30 
I{JRS i 744 672 744 720 

1 64 49 21.16 1 
I deg C 5.5173701 4.958097 4.44K444 4.266678 
I deg C I1. 3309 1.367417 1.266499 1.147517 
1 10.601478 0.525174 0.19&537 -0.35003 

I 157.7 115.7 69.9 14.8 

IIdeg-days I 137.7 115.7 69.9 14.8 
I I' 

Ideg-days 1 463.7 

18 
24.2 

21.2 

31 
744 

9 
4.256011 
1.031)79 
-1.0M028 

1.3 

!.3 

1a 18 i 18 i 
26.7 28.2 27.8 c5.4 23.4 

21.2 21.2 21.2 21.2 21.2 

30 31 31 30 31 
720 744 744 720 744 

30. 5 49 43.56 17.64 4.&4 
4.158750 881350 3.176061 2.4706C7 c.12773 
0.?51643 0. 5439 0.84 727 0.877610 0.912&51f 
-1.66875 -2.(06-_9- -2.Cf9E29 -1.5311 -I.( -I(E5 

0.2 .0 ., 0.2 1.2 

0.2 .0 .0 0.2 1.2 

i 
13.2 

21.2 

30 
720 

4 
F,,_17C 

.9127440 
-0.:1323 

19.6 

19.6 

18 
14.8 

21.2 

31 
744 

40.96 
:% 72 

1.148930 

0.5',:36 

109.0 

10?.0 

#f* *ff"*4? I+"* +*ff~f *I;;f*#*ffff II~f+#jH4 



COLIN LOAD CALDJTION FOR CAIRO 

DESCRIPTION VRIPP. UNITS JAN FEB MR PR WIY Juj JUL PA1S SPT OCT NOV DEC 

BSETEMP. Tb 
XTUy PlY. T-P. I Ta 

ArV. , TEFTP. I Ty 

J JTZ.PRY Ai:rf. Th7. I 
Al"GJST WE. TE m. I 

AVE. AM.J fIDITYI 

DAYS PR YNTH D 
I-J PESR K(TH I Hr 

CPLC. FUR STD DEV. I SaT 
STD DEN. Ta/Ty I S y 
STD EV. Ta I SDw 
H FACTOR I H 
DIST. F1JI.. (F Tb IDh(Tb) 

I9frNTY COOLI DIs I DIs 
I 

YEARLY COLIM DIs I DDs 

Ideg C 
I deg C 

I d C 

deg C 
I deg C 

1 

IDAYS 

I HOURS 

I 
I deg C 
I deg C 
I 

IIdn-days 

Ideg-days 

25 25 
1 13.2 14.2 

.21. 21.2 

13.2 
27.8 

56 

1 31 28 
1 744 672 

64 '9 
5.513701 4.953087 
1.433309 1.367417 
-1.47863 -1.49260 

I 0.5 0.4 

II 0.5 0.4 
I 

I 343.0 

25 
16.6 

21.2 

31 

744 

21.16 
4.486A44 

1.26649,9 
-1.191,2 

1.1 

1.1 

25 n 25 25 25 25 
20.2 24.2 26.7 28.2 27.8 25.4 23.4 

21.2 21.2 21.2 21.2 21.2 21.2 21.2 

30 31 30 31 31 30 31 
720 744 720 744 744 720 744 

1 9 30.25 49 43.56 17.64 4.84 
4.2-5678 4..15780 3.813850 3.1719 2.47&%67 2.127738 
1.147507 1.030799 0.05!843 0.885439 0.654727 0.877810 0.981661 
-0. 76370 -0.13939 0.326079 0. S49 7 0.598'&6 0.053185 -D.31486 

4.0 25.4 64.1 103.9 92.3 35.9 13.7 

4.0 25.4 6A.! 103.9 K.3 35.9 13.7 
.. 

25 25 
'.2 14.8 

2.2 21.2 

30 31 
720 744 

4 40.% 
2.02170CP 1.9_-9672 

1.C7440 1.148930 
-1.0 3A -1.59450 

1.5 0.3 

1.5 0.3 

+** 4 ff44" ff-4ff -+" 4 14 * * + Ff *+ * + +i.. f ++* * * ** If 14 * 4 4 



EP:ETIN6 LOAD LCLJJTION FOR PSW 

DESCRIPTIO VIA. LNITS JAN FEB MAR APR MAY- -- -I JUN JUL Aix SEPT OCT NOV DEC 
_ -C 

BI3TT. Tb Io-_ C 18 18 18 18 i8
PUTLY YE. I. TaI 18 18 1 18 18d-r, C i 16.8 18.6 18 18c2.4 27.2 31.9 33.6 34 34.2 32 29.6 24 19.8 
PV YEAR -. 27 27ITy Ideg C 27 27 27 27 27 
 27 27 27 27 27
J&fJWRY Ef.i TD1P. I deg C 1 16.8 
kJ,--T FPtN TEP. I deg C 34.2 
r47E. P K H IDITYI I % 27 

DIYS PER1NTH I D I DYS 1 31 28 31 30 31HOURS FR "TH 31 30I Hr I HJPS 744 672 
30 31 30 31744 720 744 720 74 744 720 744 720 744 

C$LC. FUR STD DEV. I SqT I 104.04 70.56 21.16STD DEV. TaiTy SDy I deg C 
0.04 24.01 43.56 49 51.84 25 6.76 9!6.444236 5.6&3038 5.055121 51.8M4.871531 4.871158 4.641708 4.193501STD IEV. Ta I SDa 3.623659 2.901410 2.47902 2.351788 2.170881I deg C 11.396F7 1.286SM5 1.136724 0.93N669 0.8483-44 0.783809 0.742448H FACTOR 0.696810 0.714653 0.7562(5 0.910158I H 1 10.154977 -0.08812 -0.69S21 -1.70583 -2.94280 

1.0194-6 
-3.63373 -3.87055DIST. FLN..O Tb IDh(Tb) 1 I 70.0 31.1 5.2 0.1 

-4. 16365 -3.57661 -c..7559 -I.N357 --. 3I6%
.0 .0 .0 .0 0I I I .0 0.7 15.2 

KONTILY -EI-TIWG DDS I DIs Ideg-days I 70.0 31.1 5.2 0.1 .0 .0 .0 .0 .0S I I"" .0 0.7 15.2 

YEARLY HEATIUl DDs I DC- Ideg-days I 12.4 
4 * ff*fff *f ff4f4#f *. f44 f414+ 4 f*I *44f *4*4**I*f44##*4f# 

** f *~~ff44ff~ff4144 **-#4*4j4 



Mirt LnCD CILLTIM FUR RSW 

DESCRIPTION 
 YRIAB. LNITS JAN 
 FEB
I PAR- I I . .. . APR MY 
 JLN AiJIL SEPT OCT DEC
 
TEP. 
 ITb Ide2 C 
 25 25 25tT-,Y 25P. TEY. FTa 25 25 25C . 25 2518.6 22.4 25 227.2 31.9 33.6 2534 34.2 2 3.6 24 19.8
 

W rE-97 mT I dg C; 27 
 27 27
SJ 27
.Y Pt_. TPF deg C 1 16.8 27 27 27 27 27 27 27 27
PLPSGT A T-. . deg C 1 34.2
PVE . P~j~TYIF;ZDITYF F 27 
Df"S PER tTH 
 I D IDCYS 31 28 31
F-F PER {THFl- 30 31 30Fir HCJRS F 744 31 31 30 31672 744 30 3170 
 744 720 744 744 720 744 720 
 744
 

104.04 70.56 21.16STD 0-V. Ta/ Ty Siy 0.04 24.01 43.56I deq C 16.44423S 5.663038 49 51.-A 
STD DEV. Ta 5.0&5121 4.871531 4.67115,54 25 6.76 9 51.84 

-i
I deg C 11.393697 1.2866,5 1.136724 
7M A. I3y0 I.623E59 2.9Q1410 2..479I702 2. 51788 F. 1H FACTOR I 0.984669 0.848A44 0.783K53 0.742448 0.698[10H 1 -. 0590 -).94004 -0.41080 0.714653 0,756205 0. 10158 1.0199461ST. FUNc. 0.407916 1.4r-0.M1I7 Tb lDh(Tb) 1 2.003213 2.1771,84I 1.9 2.364543 !.78,305 1.0925392.3 12.8 76.6 -).200559 -0.91568214.2 258.0 
 279.0 285.2 
 210.1 143.5 18.0MVTrLy CULiM 2.3DDs I DDs 
 Ideg-days I 1.9 2.3 12.8 
 76.6 214.2 258.0 
 273.0 c35.2 2!0.1 143.5 18.0 2.3I 1

YEARLY CZl,IN DDs I DD-s Ideg-days I 1504.0 
I+F~ 4f"++-+ f+ f + jjf4f++-"+;+ 
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CALCULATION OF HEAT LOSS COEFFICIENT
 

FOR TYPICAL EGYPTIAN HOME
 



CALCULATION OF II-AI LOSS COEFFICIENT FOR
 

IYPICAI. EGYPTIAN HOME
 

I. DE..EAETLOfAODL 

The model Is a corner apartment in a five story building. The 

apartment is of loost, cor _ructiori with Iittle or no insulation. 
Floor area Is 120n 2 . Tho apartnerii corr!&rn- four rooms of 5 x Gm
 

each, six 1.5 x 1.5r nqle paned %indows, and one outside door 

with dimensions of I x 2.1w. 

TERMALR_ EiI5] t UESI 	 I. §E~c,. 

A. 	Outside Wal Is
 

The walls consist of a 0.20m thick cinder block with 0.013m 

layer of cement mortar on each side. 
These three materials are
 

In series.
 

2
R 	for 0.20m cinder block = 0.303 sec. m .OC/j
 

R 	for 0.0127m layer of cement mortar = 0.0176
 

RTot = 0.338 sec.OC.m 2/j 

B. 	Windows
 

Each 	window has a single pane with no insulation.
 

R Inside room resistance 0.120 sec. m .oC/J
2
 

R 	outside room resistance 0.030
 

C-i 



R glass 	 0.00352
 

RTot 	window = 0.153 sec.m 2 .OC/j
 

C. 	Door
 

The door is uninsulated.
 

R = 0.335 sec.m 2 .OC/J
 

D. 	Roof and Basement
 

The apartment bul ding has Each unit
five units. compensates
 

for 20% of the bullding's losses through the roof dnd basement.
 

R basement = 1.70 Sec.m2.OC/J (A conservative value because
 

dry earth adds to overall thermal resistance).
 

R roof = 0.363 sec-m 2.OC/J
 

The 	roof Is pitched; outside surface air is taken 
to be 24.1
 
km/hr. The roof is constructed of asphalt shingle roofing,
 

building paper, and 0.0159 m of plywood deck.
 

E. 	Infiltration
 

The apartment building Is of loose constructon. The number of
 
air changes per hour is approximately two. Outside ambient air 

temperature Is 40.60C; room temperature Is 250 C. Heating 

volume of 1he aparfmnrt Is 288m 3 . 

The UA for inflitralIon Is then 193J/s.OC.
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http:193J/s.OC


110.5 

III . OVERALL UA CA, LAjDLT-94 

2
area m R sec.m2.cC/J UA w/°C
 

walls (2) 37.4 0.338 


windows (6) 13.5 0.153 88.2
 

door (1) 1.95 0.335 5.82
 

roof 20% of 120m 2 0.363 66.1
 

basement 20% of 120m 2 1.76 34.0
 

Infiltration 
 193.0
 

Total UA= 497.6 w/OC
 

Total area or the apartment Is 120m 2
 

UAVE = 4.15 w/r12.OC
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PRELIMINARY DISIGN OF A FLASH STEAM SYSTEM
 

In a flash steam solar syslet, pressurized waler is circulated through 
the col lector field and flashed to low quality steam across a throttling 

valve into a f lash, or separator tank. The flash ng process is an 
isenthalpic process 1hat con.uris ih.l sensible heal of 1he wa-lcr into a 

mixtur-e of -auraled water ard ?t- arr. 10) quality of slearn is usual ly 

less than 10 percent. From H", fln5h lank, the sltratfed steam, is son', 

Io fhu procus: and the saiur id waiter K pumped lo the col leclor field. 

The pump is designed Io have sufficient pressure at the outlet of ihe 

col lector field to prevent boiling. To have a desired liquid level in 

the flash tank, boiler feedwater is fed to the pump suction (Reference
 

1) .
 

The col lector field outlet tomperalure, Tout is generally designed to be
 

considerably above the steam delivery temperature t-o obtain reasonably 

good steam quality downstream of the throttling valve. A performance 

mocifier called the flash system factor, F F accounts for this 

temperature elevation.
 

F Ac FR DL /M -
FF L - ------------------------ (Ts - Tf) 

hfS i Cp (Ts-Tf) 

where mc collector loop flow rate per unit collector area 

= Mc/Ac 

c = Collu lel I I f low 1alI, 

Ac = Collector area
 

hf8 = Heat of vaporization of steam at its saturation
 

temperature
 

C p = Specific heal of salurated water
 

Ts = Steam satura ion temperature
 

Tf = Feedwater tenperature
 

FRUL = Collector heat loss coefficient
 

EJ-1 



Input Data:
 

Qloac = 3.3 GJ/hr
 

Tsaturation = 130 0C
 

It is assumed that the irradti ion on collector is 20 MJ per m2 per day. 
It is a I so assumed ihc -!, e ff i c Ien:y of -lhe parabo Iic trough Is 40 
percent which means -,. pjurc( -1 of the iJIcming irr(di o ion i 

actual ly Jraris [ed c i ,ffi hr ,:j.j , i . 

Energy collected by the water = 0.4 (20/8) MJ/m 2 hr 

Collector area. A. 
 = 3--x10_3 MJ/hr 

1.0 MJ/m 2hr 

3300 n2 

Heat of vaporization of steam 9 130C 
 2540 KJ/Kg (Reference 8)
 

hfg 2.54 x 106 J/Kg x 1W-S/J
 

= 2.54 x 106 W-S/Kg x Ihr/3600S
 

705 W-hr/Kg
 

=
Qfoad Mc hfg 
 (2)
 

Reference 1: Kutscher, C.F. eI. at. "DesIgn Approaches for Solar 

Industrial Procuss Heat Systems," Solar Energy Research 

Institute, August 1982, p. 113.
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3.3 	x 109 watt-sec/hr - M (kqi/hr) (705) (3600) watl-sec/kgc 

Mc = 1.3 x 103 kg/hr
 

Cp = 4.26 x 103 J/kgK 1 130 0 C (Reference 8) 

The 	feed water temperature is assumed as 200C.
 

VfRUL/ 	 j -
FF - --------------- (Ts - Tf)
 

hf(1- Cp(T - Tf)
s 

1 ----------------------- (Ts - Tf) 

Shfg + C) (T -- Tf) 

0.5 	 (3300)/1.3 x 103 -1 

-------------------------	 (130 - 20) 

705 + (4.26 x 103)(130-20) 

3600
 

11.20
 

qcI = FFFR I 0ola - UL (Tin - Ta) ](3) 

where qc =annual average energy collection rate per unit of
 

colleclor area during daylight hours
 

FRq 	o= effective optical efficiency
 

la available irradiation on collector 

Ta = average annual daytime temperature 

Reference 8: Chemical Processes, Wiley, New York, 1978, pp.2-3.
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-- 

Assumptions: Ta = 300C 

la = 20 MJ/m 2 -day (C,.4) 
- __ :0.__ 10x_ 4)_

(8 lhr/dAy)(3600sec/hr) 

277.8 wa- s/ 2 

FR 10 varies from 0.65 TO 0.8 

FR2o = 0.72 

qc 1.05 [(0.72)(277.8) 0.5(130-30)] 

157.5 watts/m 2 

Qc = qc Ac Ndayllght (4) 

where 	 Qc is the lolaI annual energy collected
 

Ndayligh@ = number of daylight hours 
in year 

= 4380 (assumed) 

qc is obtained from Figure 6.1 (Reference 7, p. 87) 

Figure 6.1 
plots with FRUL (Tin - Ta)/FRH c b as abscissa and q/FFFR 

A + 50) as ordinate. 

Ib = Ia (assumed) Ta 300C(assumed) (Reference 7) 

FRUL(Tin - Ta) 0.5(130-30) 

-= 
 0.22
 

FR "o lb 
 (0.7 2)(27 7.8) 
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For North-South troughs at laiitude of 
300:
 

qc/FFFR i;o ( b + 50) 0.56 (reference 7) 
= qc 0.56 (1.20)(0.72)(277.8 + 50)
 

= 158.6 W/m2
 

From equation (4):
 

Qc = (158.6)(3,300)(4,380)(3,600)
 

= 8.25 x 1012 J/yr
 

The total annual process load is
 

Qload = Qlcad 4load
I' (5)
 

where Qload = average process load energy rate
 

= 3.3 X i09 J/hr
 

Nload = number cf hours process load operates during a year
 

= 4380 hr (assuming 60 percent)
 

= 
Qload 3.3 x 109 (5,256)
 

1.454 x 10! ' J/yr 

The soiar fraction, f is calculated as
 

= Qc/Qload 
- 825_ j_11 2 

1.454 x 10 13
 

0.57
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Tab Ic 1 

FINAL ANALYSIS OF A FLASH STLAM SYSTEM
 

PARAMETER 

F RUL , w/m 2 OK 

FRT 
0 

Ti n r0 C 

Q load, GJ/hr 

Collector eff. 

Available Energy, 

MJ/m 2 day 

h fg, watt-hr/kg 

C p, J/kg-K 

T f, C 

Ta , 

2i 
A cm 


M c ,kg/hr 


N daylight ,hr/yr 


N load,hr/yr 


REMAk<. 

Reference 1 

Reference 1 

Input Data 

DaiKci from Egypi 

Manufacturer 


Data from Egypt 


Reference 2 


Reference 3 

Guess Estimate 


Reference 1 

Calculated 


Calculated 


Reference 1 


Guess Estimate 


D-6 

VALUE RANGE VALUE 

CONSIDERED 

0.25 - 0.75 0.5 

0.65 - 0.80 0.72 

130 130 

3.3 3.3 

0.4 0.4 

11-27 20 

603.6 603.6 

4.26 x 103 4.26 x 103 

100 100 

40 40 

3,300 3,300 

1.5 x 103 1.5 x 103 

4,380 4,380 

5,256 5,256 
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HYBRII) ANALYSIS
 

Combination Parabolic Trough/Flat Plate Sytem
 

For a preliminary analysis 
of a hybrid solar thermal system, we have
 
decided to use the 
fol lowinq methodology. 
 To raise ambient temperature 
I kg of waler to 130 C steam, a quantity heat (Q T) defined as 

-, 6
Q T 	 = 1 (4.2 x 10" )(100-20)+ (130-100)] + 2.26 x 10 (1) 

= 2.54 x 10 J 

is needed. Assuming an optimum flat plate 	 0temperature is 70 C, the 
maximum energy required of the flat plate system would then be
 

3Q FP (1)(4.2 x 10 )(70-20)
 
5 

= 	 2.1 x 10 J
 

This 	represents,
 

5
fFP = 	 2 X- I0xJD 

2.54 	x 10 6
 

= 	 0.083
 

fraction of the total 
energy requirement. Thus, we will take 8.3% from
 
our original parabolic collacc or 
area and replace it with a flat plate
 
system which will have an f factor 
equal to the parabolic system and 
will produce 8.3% of fhe lotal steam energy produced by the 
parabolic-only system. Hence
 

new parabolic area 
 = 3300-3300(.083) 

2= 	 3026 m

E- 1
 



flat plate load I?-_Q-, _jI RKI 

0.57
 

1201 GJ
 

f = .57 

Using trial and error methodology (see Figure A-i), we computed a flat
 

plate collector area of,
 

2

268 m
A 
IP
 

Now we calculate the total capit&l cost 
for this system.
 

=
C Cap 500(3026) + 371(268) 

- $ 1,612,428 

This information is then entered 
into our program for computing
 
annual ized capital costs and overall energy cost such as shown in Table
 

5.10.2-1.
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* 6-: L.. ,.,IzT :1-7T[ ':. J f 

, E.Jq
GJ 

LU.J DT .2-" 
J 9 

(.,X
C J 

F 

.. . .. .J .. , .: 9 4G,I = , En".0 0.::E2.... 

FE I1G7.4 S'.2 1,16 E. 8 0.57 
SI. .2.S .. 5 1.E7 2:.5 0.53 

P.-,IE. 0 57.0 1.1 723.5 0.53 
I'Y 11.l 5 E..S 1.03 27.0 0.5A 
Ji 17,.3 57.0 0.93 H".9 0.53 

JL. 15.3 529 1.C5 25.9 0.55 
( 3 113.4 E2.9 1.13 23.3 0.60 
E: IH. 8 57.0 1.18 21. 2 0.63 
0.-T 167.6 53.9 1.22 22.8 0.61 
1',' IE'-6 57.0 1.14 25. 6 0.55 
-C 15. I 5S.9 1.18 29.5 0.50 

YE E5.3.5 13.22 321.1 0.57 

I L'.EER O C-I;_rCTCR PA.-a S.... 74 
2 CaLECTCRMa A:LZ- .......... 3.7 
3 FFriL (TEST SLC.PE) ............ 4.5 W/I2-C 
4 FF.TRJiaiL.A (TEST ilTFT) .79 
5 CLIECTCR -r. .............. 45 rSG 
6 DU.LECTOR AZI;',ld (6ZJTd=--x)) 0 Es 
7 i! -:Z~ 2E ?KJDTYEH8-10) 8 
B NJ2E.ER OF PAZE:S .......... I 
9 Iir IL--LE IQDIFIER M3T7. -
10 
I 

INC r'LE NJD1FiEOD 
.99 .933 .995 

LL'"(S). 
.931 .957 .30 

.7 .35 0 
II CODLLECTOR FL FiATEI E~o.......015 ,.15-:2 
12 COLLECTOR FLUID ECIFIC [--T. 4.19 Wh/It-C 
13 VIDIFY TEST V'LLES = 2 
14 TEST . .015 KSISH2 
15 TEST FLUID S5ECIFIC [:TQ'iT.... 4.19 KJl::3-

Figure E-1 

F.-Cha
268 m 

t Comi~itation ikc h
for Collector Area 

Guesses 
to Match 

an F-factor of 0.57 
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FIGURE E-2
 

ECItMflIC EVALUATION OF FLAT PLATE COLLECTORS, (70 deg C) 

UNITS YR 0 YR I YR 2 
YR 3 YR 4 YR 5 YR 6 YR 7 YR 8 YR 9 YR 10 
 YR 11 YR 12 
YR 13 YR 1 YR 15
 

PROCESS LOD IJ/YR 1 14454 1454 14454 14454 !445 14454 14454 14 A514 A 4 I4 51 1L54CO.LECTOR AR-ZA I r2 Iz Y) - 5144i 44,4 14454 144!4 14454- .-27 52,, 5'o Ec-D ±-:o 50q_,>3 2_K '-. ,PJE 3YR E,-33 673 E-77 233 7 £7 7773 ;'3 E-
-PFIQE Y .T.CM.LECTORI SiK2 1 331 371 1 771Oi.ERTI L F5,NT- I c I% 1 5 

371 271 7371 771 371 371 37! 271 371 3711.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 
D1,9-a PATE I % 10 10 10 10 10 10 10 10
PRODUCT LIFE 10 10 10 10 10
IYEnRS 1 15 15 15 10 O 1015 15 15 15 
 15 15 15 15 
 15 15 15 15 
 15
 
INITIJl CAPITAL COST 1 1IUS 1 927500 0 0 0 0 0 0 0

US S1 0 0 0 0 0 0 0 
0 0PARTS, (20/FT2 0 0 0 0 0 0 

0 0 0 0hINTEN7aCE 0 0 0 0I $/YR 1 00 13912. 13312. 13912. 13912. 139!2. 13912. 13912. 13n12. 13312. 13912. 13912. 1'9!2. 13912. 13912. 13912.5
 

TOTAL COSTS 
 I $/YR 1 927500 13912. 13912. 13912. 
13912. 13312. 1312. I12. 
13312. 13912. 13912. 13 12. 13!1. I?. 
 13912. 13312.5
 
I I 

NET PRESENT VALUE IUS $ 39381. 
f'VlILIZED PFEEDEIT VWLLE I $1YR 123504.
 

1 1 
COST DF FE1F3GY I /1GJ1 18.18 
COST OF ENEE5Y I sILI0.C$45 
COST OF EJEKJY $iEDLI 110.BO 



1'I(;UlRE E-3 

ECNOMIC EVALUATION OF FLAT PLA!TE COLLECTORS, (90 deg C) 

12lITS 

I 

YR 0 YR I YR 2 YR 3 YR 4 YR 5 YR 6 YR 7 NR 8 YR 9 YR 10 YR II YR 12 YR 13 YR 14 YR 15 

PROCESS LOU lGJ/YR 1 14454 
COLLECTOR AREA I r6:-) 1 2500 
ENERGY PROLUCED IGJ/YR 1 6504

I 

PRIcE OF ISTPLLED COLLECTORI $/M.2 1 371 
[PEFiTION t r i TAll-1 E I % 1.5 

1 1
DI 7FqTE % 10 

L.E 15 

1445-4 

E50i 

371 
1.5 

i0 
15 

14A54 

EY 
£504 

371 
1.5 

10 
15 

14454 

O o2 
6.,4 

371 
1.5 

10 
!5 

14454 

25sc oDO 
E504 

371 
1.5 

10 
i5 

14454 144 5 14454 14454 
D~2501) 25)0o 25E§: 
E..94£5A 6)4 -)i4 

371 371 371 371 
1.5 1.5 1.5 1.5 

10 10 1 0 i0 
15 15 15 15 

14454 14454 154 
20 25CY-r E,)

a54 E65) _5)4 

371 371 371 
1.5 1.5 1.5 

10 10 10 
15 15 15 

14454 

2sYo 
65,4 

371 
1.5 

0 
15 

14"' 4 

65). 

371 
1.5 

10 
15 

14454 

' 5) 
614 

371 
1.5 

10 
15 

14454 

r5o 
65,)4 

371 
1.5 

10 
15 

INITIL CP.PITL COST 
PARTS, (k0/r-T2) 
hI,,TE?£CE 

ILG S$i9275C, 0 0 0 
1US 0 0 0 0 

s/YR 0 13912. 13912. 13912. 

0 0 
0 0 

13912. 13912. 

0 0 0 
0 0 0 

13912. 13312. 13312. 

0 0 
0 0 

133!2. 13312. 

0 0 
0 0 

13912. 13312. 

0 
0 

13312. 

0 
0 

13912. 

0 
0 

13912.5 

TOTAL COSTS 

1."T PF$SENT LU..E 
:gIX-LIZED PFEEIT VLIE 

COST OF ENERGY 
COST OF ENERGY 
COST OF DERGY 
!tt+-fti4* it Ittti tI !t 

I S/YR I 927500 13912. 

1 1 
I US $ 939381. 
I iYR I123i)4.

I I 

I1GJ 1 18.99 
I S/Kl IO.06536 
I S/DBLI 115.72 
it t *I tII f* fftfff 

13912. 13912. 13912. 13912. 13912. 13912. 13912. 13912. 13312. 

.I 

13912. 13912. 

tI I I 

13912. 12312. 

! !t! llttt 

13912.5 

I Mt#itttt 



FIGURE E-4 

ECXOIC EVPLATION OF EVACUATED TUBE COLLECTORS, (70 deg C) 

LI1TS YR 0 YR 1 YR 2 YR 3 YR 4 YR 5 YR 6 YR 7 YR 8 YR 9 YR 10 YR 11 YR 12 YR 13 YR 14 YR 15 

PROCESS LOA;D IFJ/YR 1 14454 
CD fECTOR AREA I I 1 2500 
£IEPS3Y PFOFDEJD J!/YR I E: 

RICE OFsINp LLrED CLLECTORI R 40Q25I5 
CE1... I,,. 2K,.II E % -, 1.5 

DIEO0.hT RATE I I 10 
POXr-T LIFE I L-US I 15 

INITIAL C PLT COST IUS$ II045000 
PARTS, ($20/F2) US $1 0 
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FIGURE E-5
 

ECOiAIC EVALUATION OF EVAQTED TUBE COLLECTORS, (90 deg C) 
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FIGURE E-6 
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EMl'I11C TLLkPTOF 1990 PAPABOLIC E AXIS ITRAKIN m±lrroR 

---119 -R 0 YR I R 2 YR3 YR 4 YR 5 YR6 YR7 YR8 YR9 YR 10 YRII YR 12 YN 13 YR 14 YR 15 YR 16 YR 17 YR 18 IR 19 JR 20 

P .I S LOAD 

AsRooE:EF.3> PF2--,2t.D 

GJIYR 1 145 

IOLCT.127 1-~ 2502i/YR I 5J77 

14454 1AS4 

253. 
5777 9v77 

14454 

0 7 

14S4. 

2
9 T7 

14454 14454 14454 14454 

,oo ?so 50 cO2502')75,79 5, S -D7777077 

j 54 

5",7 

14454 144-4 14454 

25c"27
90777 9577 9077 

1 454 144S4 

5027
.77 9-D7"7 

14451 

27
9077 

14454 

50
77 

4454 

27 
7 

I454 

5
577 

14454 

9077 

14454 

77 

Z & J F-. E 

';xrLIFE 

O 1151LL2 LOECTIRik I 2~2 23?S3 

I %1 10 10 

IEaI 2 20 

23
3 

10 

20u20 

22 

10 

22
3 

10 

2)3 

2
3 

10 

20 

2?
3 

10 

20 

22
3 

10 

2 20 

32 

10 

20 

23? 
3 

10 

7 
3 

10 

2-. 

332 1K 

10 

2 20 

2x, 

10 

2 

10 

2-3 

:~ 

10 

20 

27 
3 

10 

2 20 

2,:?
3 

10 

20 

3. 
3 

10 

20 

2? 
3-

10 

21) 

2 

!0 

3 

10 

zu 
I TI [C L 
TS ($203W72 

v~ vsEI 

I US $ 
I LI I 

S/YR 1 

;.oc-) 

0 
0 29 

0 

0 
-00 

0 
0 

23400 

0 
0 

2940-3 

0 
0 

294o 

0 
0 

254CY) 

0 
0 

6470 

0 
0 

23-4o, 

0 0 
0 0 

e6AC03240 

0 
0 

294C' 

0 
0 

2300 

0 
0 

2S40C-3~.~ 

0 
0 

0 
0 

< 

0 
0 

2,5*,A-
0 

29473[A) 
0 
. 94. 

0 0 
92. 9 

0 

T0TL UV'TS I S/YR 1 9070 29400 20400) 20400 29400 290 540 43 47 90 90 90 -4 92 co 290 90 s ~40 240 290 
IET PF.ESm V;LLE I Us I 1118453 
Wi1UCIJED P-2Ei7 V7.UE I S/,R 121373. 

MST Yf EJiF.&Y I SIJI I 14.47 

LOSTCF ElP..Yt l## i I f $/LUIOt tI
If i t II! If#iftlI I A..#* 8.20t Il Ii l t t lltlt lfttitllt ll 
i l fI i ll l lltft{ I itl llll lll itt tl tlllfiliIfffI 
 IIimt lottlll t lfloo l tit
il is1116i I ii
 



APPENDIX F 

ROOF PONDS 



ROOF PONDS
 

1.0 DESCRIPTION
 

Roof ponds generally consist of an enclosed layer of water on
located 

the roof. Roof ponds act as a colector, storage medium, heat 
dissipator, and radiator. Thus, this syz7tem can function in both
 

heating and cooling capacitics.
 

In cooling applications, insulation covers 
the pond during the daytime. 
As a result, the pond &c's as storage medium. At night, thea 

insulation is removed and -the pond radiates heat stored to the sky, 
thus cooling the home.(see Figure 1) 

2.0 ANALYSIS
 

The analysis is performed on a typical Egyptian home with 
a floor area
 
of 120Mr and an overall heat los , coefficient of 4.15 W/m2 °C. The 
greatest cool ing occurs rhe July.need in month of During this month, 
the Cairo cooling load 1s calculated to be 103.9 degree days. This 

corresponds to a July cooiing load of 4.47 GJ. 

Approximately 40% of the daily cooling load occurs at night. 
 Thus, th3
 
approxlma;-e nighttime cool Ing load Is 6.0 MJ/hr 

Table _. detai s the analysis conducted. Under clear skies with low 
humidity and cool nighttime tempera-lures, a p-nd with a depth of 15cm 

can dissipate approximal-ely 63 W/im 2pond area.
 

Using these rough values, a pond with an area of 20 m2 
can account for
 
76% of the nighttime cooling load.
 

(1) Edward' Mazria, Ib-BD .Jv _ QAF__Fng 's, Rodale Press, Emmaus, 
Pennsylvania, 1979, pp. 187-199. 
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E-ECT ( ROOF POND ONCOOLING L I 
****~I.~i**f~******tI~**.I 
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DAYS/P CTH I 
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DAYTIKh COOLING LORD (60%) 1 
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1 31
 

1 4.471 1 
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I S7.7 I 
66.l I 

1 o0I 
1 0.1524 1
 

3.04 1 
.1,,541 

6.01 

0.76 1 
Hi*fkIfH** i 
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ANALYSIS OF OVERHANGS
 

1.0 DESCRIPTION
 

Overhangs or horizontal planes projecting above a window can el ImInale
 

much of the summer sun wAha sfill letting In a large portion of the
 

winter sun. South-facing QL.irg is more effeclively shaded than east
 

or west facing glazing . Tr is due to lIhe eas1-west p.th of The sun 
which translates into a low ao.ral-titude and sh ding for partss of the 

day for east or west facing nurf-..ac s. For 1he purpCcC of lhis analysis, 
only south 
facing windows and ,verhangs aru considered. 

Overhangs are characterized by Iwo ralios; the separation, Y/H, and the 

overhang, X/H. (See Figure "11).(!) The scparalion ratio is the relation 

between the distance of iheo o',rhang above 1n window and the win dow 
height. The overhang rdlio relates tQu projection length lo the window
 

height. The design of an c . .n a, requir s opilm.zation of these two 
parameters. For a a intterceptsexample, Joer trhat most of the summer 
sun will also reduce solar g a i oW ain d in the %inter moh. s. 

2.0 DESIGN PROCEDURE FOR OVERMANGS
 

The optival size and locition of an overhang is a function of the
 

heating and cooling 
load. le design of an overhang system requires
 

optimization of the separatior and overhang ralios. Design procedures
 

for these dimensions are dependent upon the following 
faclors:
 

(1) Passi ve SolarDe n adb , Vol. 2, _ _e5__Lg 

Analysis, Los Alamos Scienlific Laboratory, January 1980, p. C23. 
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a) Latitude
 

b) Number of days the window 
Is to be £hJad before and after the
 

summer solstice
 

c) Number of days the window is to be unsh Jdc before and 
after
 

the winter solstice.
 

For example, for Cairo:
 

a) Latitude: 30 o
 

b) 
 50 days bef-,rc arid after summer solstice shaded
 

c) 
 60 days before and after wirter solstice unshaded.(2)
 

The optimal size of the overhang Is:
 

overhang X/H = .37
 

separation Y/H = .38
 

A graphical method was used tc determine these values. Thus, 
an
 
overhang of these dimens ions will fully 
shade the window from
 
approximately the first of Way unlil 
mi August. Conversely, the window
 

will be unshaded from the erd of Olocer until 
the end of February.
 

3.0 ANALYSIS OF OVERHANG PERFORMANCE
 

The method used to determinc lhe effect of overhangs on monthly absorbed
 

solar radiation into a buildinq 
is taken from the Passive Solar Design
 
Handbook. 
 The analysis determines the effect of orientation, tilt,
 

ground reflectance, reflectors, transmittance, absorbance, and overhang
 

(2) Based on: ArLiecJ-p--db L
*rof-eryrP e "Shading and Sun
 

Control", American Institute of Architects, 1981, pp.14-18.
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geometry on the monthly solr ebsorbed In a structure. From this value, 
the solar load ralio (SLP), and solar savings fraction (SSF) are 

cal cu Iated.
 

For our analysis, we took a bul1ding with a floor area of 120 rr?and 3.6
 

m of south facing gFazlii . Ten different overhang systems were 

analyzed wilh varioUs separation and overhang ralios. See Table 1 for 

description of systems used.
 

The Lotus program was used to perform calcualations. Monthly horizontal 

solar radiation was pro,, idcd for Ca iro Con] er and the effecls of the
 

overhang were calculated. Fii-fAh Cquations were in terms of latitude 

minus declination. Basica ly -te method calculaes factors for each 
situation and then modifiso he horizovlal solar ir-to solar absorbed in 

the room. See Tab Ie 3 f or t.e coop I ote spreadsheet. 

Table 2 compares the January and July performances of the ten dIfferer:t 

overhangs. The base case is one with no overhang; this is system type 

K. 

Designs with a separation ratio of zero are not effeclive in Egypl's 

latitude. They reject 12-15% of absorbed solar but also
summer 
 cut
 

potential winter gains by 6-,.,5%. The primary objective is to 
reduce
 

summer gain while not affec-ling winter gain.
 

Of the ten designs studied, type H performs the besI. It does not 

affect winter gain, yet culs July gain by 16.9%. Table 4 lists the 

yearly performance of Type Ii in lerni_ of monthly solar absorbed. IL is 

compared with a system wilh no overhang. Over the summer months 
(May-September) solar gain is reduced by 18.6%. Winter gain is only 

reduced by 0.3%. In conclusion, Type H is the best among those studied.
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Table 1
 

DIMENSIONS OF OVERHANGS ANALYZED
 

TYPE X/H Y/H 

(overhang) (separation) 

A .125 0 

B .375 0 

C .125 .125 

D .375 .125 

E .125 .25 

F .375 .25 
G .125 .5 
H .375 .5 

.25 0 

J .5 0 

K no overhang 
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Table 2
 

X/H ratio Y/H ratio JAN JUL % Difference %Difference 

absorbed absorbed from sysitem with from JUL 

MJ/m 2 -mo MJ/m 2 -mo no overhang JAN 

A .125 0 307 169 - 6.12 - 13.33 
I .25 0 286 165 - 12.54 - 15.38 
B .375 0 267 168 - 18.35 - 13.85 
J .5 0 244 171 - 25.38 - 12.31 
C .125 .125 327 171 0 - 12.31 
D .375 .125 296 167 - 9.48 - 14.36 
E .125 .25 327 173 0 - 11.28 
F .375 ,25 320 165 - 2.14 - 15.38 
G .125 .5 327 182 0 - 6.67 
H .375 .5 327 162 0 - 16.92 
K no overhang 327 195 base value base value 
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TABLE 3 
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'Di Y/. -375b 

TY' 
T E0 

1 UA',TLESS'-
I''P ,PLTL-ES i 
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5 
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CY3 0E4 C E~~7 0C5 C~ 7 .i O 

YIH UITIDH-1 25; 'A/LfPO.125 
YIH RfIT I D=.25; A'H=O. 37, 
Y/i RWIM1O.5-. X1I-PdJ. 125 
Y/H F!ATIOQ.5; XIH=O.23,75-
Y/H 1T!-;XiHPO.25 
Y/H PfiT!D=0-; X/H--0.5 

TYP- E IUNITESS 1 1. ,0-~ 

TY'E F I LN, TLESS 0.;79 
TYPL- I UNI TLE7S I 0?-

Hi1 UN T-LESS'1.1 
TY'PE I 1 0,11 TLESS 1 0.8~75 
IYPE J I UN IITLESS 1 .747 
TYP E KCI ULITLESS I I. 

1.C 

", 

97r9 
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I ., 

.K 
Cf 77 

0.S f 
I.(X.1",-fr 
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.34 
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APPENDIX H
 

REFLECTIVE COATING AND LOW-EMISSIVITY GLASS 



REFLECTIVE COA]INlG AND LOW-[-14ISSIVITY GLASS 

1.0 DESCRIPTION
 

Reflective films are composed of a thin metal Ic oxide layer. This
 

film, when apol ied to gIazir,, increases the amount of solar energy 
reflected by the window thwo redcin, the cooling load of the building.
 

A clear single piece of glazin: has a high emissivity; it transmits 

most of the incident solar rn:iicn. Low emissivity glazings have a 
low absorbance, thus they ref W Ita large part of incident sclar. 

Manufacturers of these ma Icr ial. characi i Ize heir performance in 
terms of a "shading coefficient,"(SC). This coeffient is related to 
solar rejection by an empirical relation. Table 1 lists various 
products and their shading cuorfficients. Solar rejection, SR, is thc 

portion of incoming solar hool thai does not enter the building. 

2.0 DESIGN PROCEDURE
 

Design of a glazing coating system involved optimization of two
 

var iab es: 

a) amount of visible transmission desired
 

b) amount of solar rejeLtric, needed.
 

Table 1 lists visible transmissicn and shading coefficient for eight 
systems. The data illustrales one important phenomena: in order to 

have a large solar rejeclion fraction, visible transmission is 

sacr ificed.
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TABLE 1
 

Type of Product Visible 

Transmission 

Unit 

thickness 

SC SR 

Guardian Industries 

Low-E coating on 

green cover plate 

64% l" .47 .5864 

Guardian Industries 

Low-E coating on 

bronze cover 

43% I" .49 .5688 

Southwall Corp. 

HM-55 with clear cover 

49% 1-1/4" .42 .6304 

Southwall Corp. 

HM-55 with green cover 

40% 1-1/2" .28 .7536 

Clear single glazed 86% - - .16 

Clear double glazed 81% - - .23 

Reflective single glazed 20% - .64 

Reflective double glazed 18% - .73 

H-2
 



Cairo data was used to ev,: I;til I ht- performance of several coal ing 

systems. The base c Iyp) c aj 1 g az Iri h ith no ov ur lang or 

coaling. Vi ib e tr .jri i i ,n , 86t% and so Ir rejecl ion is 1 -%. A 

syslem w ith double I ,ai ,i(,, ow emi ss iv I ty coal I ng reduced m)r, hI y 

absorbed energy IF, JL ;7&vc1,. visibic I(r, ransmissic n is only
 

14%. A ba (' syn.mcre ancIc er: S,. -. -to bc Scuttwall Corp HM-SS with a 

green cover. It r jccc-d 71..'i f July absorbed energy while having a
 

visible transmission of ,10f. 

Additional studies are rilquir-J ic. delernine the exact solar reject ior 

that Is optImal Fgyp! Alo, exact forIn . more melhods analyzinr. 

performance need to be dev CI opd based on hour I y solar da1IE. 

See Table 2
 

+See Table 3
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TABLE 2 

Mn 

JUN 
JUL 
AUG 

yj 

191 
195 
211 

_ (MJ/m 2 to) 

TYPE OF MATERIAL SOLAR REJECTION 

COEFFICIENT 
MODIFIED SOLAR 

ABSORBER JULY 

MJ/m - mo 

% DIFFERENCE 

BASE JULY VALUE 
VISIBLE TRANSMISSION 

Southwa!! Corp. 
HM-SS with green cover 

.7536 48.0 - 75.4 40% 

Reflective double glazed .73 52.6 - 73 18% 

Reflective single glazed .64 70.2 - 64 20% 

double with 1/2" air space 

low e (.40) coatIng 

.78 42.9 - 78 14% 

heat absorblng (double) 

1/4" width 
.3928 118.4 - 39 75% 

Gray reflective 

i" ,idth 

Insulating .5864 80.6 - 59 30% 
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TABLE 3 

CDO.ING CALCUTIOPS 
IX CAM I 

TYPE p 
TYPE B 
TYPE C 
TYPE D 
TYPE E 
TYPE F 
TYPE 6 
TYPE H 

TYPE I 
TYPE K
T"YPE K 

1 
1 
1 
1 

i-~~~~~p~~~ 

1 

1 

i 
I-

I 

51.25 
44.68 
54.64 
45.4! 
54.64 
53. 43 

54.1 
54.34 

4.7. 
5.67 
5 64 

59.20 

48.83 
64.02 
54.36 
64.3 
59.31 

£4.3 
3.52 

1 
a3.11 
4. i 
E4,3s 

19.07 
14.17 
20.51 
15.58 
21.3r51 
17.05j 
3.-_ 
1.7 
1.:,K. 
1.39 
1 
21. 45 

3.91 

2.91 
4.14 
3.03 

7 
3.13.. 

. 
3. 

3 

4.6. 

0.52 
0.48 
0.54 
0.43 

"00.)3 

'.1 

0.22 
0.23 
0.22 
0.23 
0.? 

0.14,5 

.. 

0.14 
0.14 
0.lI 
0.13 
0.14 
0.13 

0.13 
073 

0.13 
i6. 

0.16 
0.13 
0.17 
0.13 
0.18 
0.13 

0.E. 
0.1-
.A 

0.13 

1.5 

0.52 
0.38 

0.56 
0.41 
0.58 
0.4 

0.£9&0 
0.51 

4 
0.344 
0.33 

1.83 16.88 
1.44 14.45 
1.M a.13 
1.31S £.¢! 
2. C2 1.!3 
1.77 17.4 

. 13.13 
1.3 13.13 

1 
13.... 
3.33 13.! 

80.79 
7-35 

6,?2 

8.9 
91.61 
303, 

t.5 
31.£2 
3 

3..32 

COOLIG CALCATIiS 
TYPE 
TYPE B 
TYPE C 
TYPE D 
TYPE E 
TYPE F 
TYPE 6 
TYPE H 
TYPE 1 
TYPE J 

IFX) CLC. 
1 

I 
1.013 

i1.013 
1 1.013 
1 1.013 

1 1.013 
I 1.03 

1 1.013 
1 1.013 
1 1.013 
1 1.013 

1.013 
1.013 
i.0 3 
!.013 

1.013 
1.013 

1.013 
1.013 
1.013 
1.013 

1.013 
1.013 
1.013 
i. ,13 

1.013 
1.013 

1.013 
1.013 

1.013 
1.013 

0.342 
0.871 
0.453 
0.8,%?. 

0.%2 
0.95 

0.%9 
0.339P 

0.304 
0.855 

0. -727) 
0.325 
0.25, 
¢ 

0.2 
0.2 

0.30 
_0.243 

0.24? 
0.25! 

3 
-

.15 
C'. 130 

0.21Si 

0.11 
.14 

0.118 
0.1i2 

0.071 
0.071 
0.07IC77 
0.070 

0..7 
,3110. 

0.0 
0.¢33 

0.03? 
0.072 

0.23 
0.327 
0l 
0. 0_. 

C. 

'1q 
,, .0,. 
. 

0. 7, 
0.C6 

0.13 
0.32 
0.311 

C%1 
0.33 

0 
0.363, 

0.31 
0.177 

0.332 
0.74 
0. £33 

3.71K 

0.745 

0.373 
0.533 

1.13 
.013 

1.013 
1.013 

i.013 
1.0!? 

1 
1.013 

1.013 
1.c-13 

l.013 
1.013 
1.013 
1.013 

1,013 
1.013 

1 
1.013 

1.013 
1.013 

TYPE K 1 1.013 1.013 1.013 0.970 0.330 0.13I .08, C.C 0.311 0.71 1.013 1.013 


