Volume I Technical Feport

RENEWABRLE UNERGY BESOURCES

USAID Contract No- AID-263-0123-C-060-4069-00

TASK 2.2.1 FINAL REPORT

Renewable Energy
Technology/
 Application
Opticns Identification

Prepared for
EGYPTIAN ELECTRICITY AUTHORITY

Cairo, Eqypt
and

U.S. AGENCY FOR INTERNATIONAL DEVELOPMENT

USAID Mission: Cairo, Equpt

Submitted to
LOUIS BERGER INTERNATIONAL, INC.
Washington, D.C.

Prepared by
MERIDIAN CORPORATION
Falls Church, VA

In Association with

! 'YPTIAN ELECTRICITY
AUTHORITY

Cairo, Egypt

ENERGY AND ENVIRONMENTAL
ENGINEERING, INC.

East Cambridge, MA

SEPTEMBER 1985



TABLE OF CONTENTS

VOLUME T

PAGE
NTRODUCTION . s ves s s TR A T O GO GRS B GO OO fir OO e O O e e Tl
L P U T DO 8 e B e et e e R s LA vieiolelats e etote s e s e s ta ale ol SYiTe TGS el
7 T e bt (55 e O 7 T T o O YOI Al sletolanalatelinloloNats fale et 1]
R AD DT OACH st s Te sl ol A OB OGO S (3 Pisle s isTala s is e 0n s 0 e srala o lal s els sialeieia ] =2
4 Evaluation ProcedureS.....eeesssesess . . .o “ee vieleiatelle 1-6
DESENE K LRS ' 8 I tatatats I fyreth iy st o RPN SiafaiaTatets . Sisils s tataterals Ji=18]
44407 3 A @ 2401 N H00) B 0b Qe by i A A A S L s e 3 e Ll oo ls7nialis nl'a 0 t0 4 iwtalatas 2-1
BAS1TCHOOUNER DA Easitels oty vt u i a b ) O AT £ G sielstatetataln e s alets Al

1.1 Geography

.1.2 Demographics

-1.3 Economy

Local Renewable Enerpy Industry Infrastructure

LB T8 YEOVE LV W o ratelViate 415001y atTaTs telamalls e ot o P Tl le L o e T e e see 2-H
«1 Present Energy Demand

Projected Energy Demand

Energy Supply Resources

.
=
.

L~

L o

+3.1 Agricultural Sector

.3.2 TIndustrial Sector

.3.3 Energy Sector

-3.4 Transportation and Communication Sector

.3.5 Housing and New Communities

.3.6 Environment

.3.7 Trade Balance

.3.8 Employment

Role for Renewables in the Five Year Plan....... et saety R =147

APPLICATIONS CHARACTERIZATION: « v v v o vvnneenn aataatate S laleleiollststetele oiaieiais aia 3=
3.1 "Water Pumping ApplicationS..esoeesessonss.. STeTviatatu ey Tttt Ty R lie i ata R 3=1

3.1.1 Demand Characterization
3.1.1.1 Irrigation

3.1.1.2 Livestock Watering

3.1.1.3 Human Consumption

3.1.1.4 Land Reclamation and Industrial Application
3.1.1.5 Energy Requirements for Pumping

3.1.2 Need in Egypt
Livestock Operations....... GO 0000 OGN OO ONGAReE 0 OO0 000, L)
3.2.1 Demand Characterization
3.2.1.1 Sheltering
3.2.1.2 Feeding
3.2.1.3 Product Handling
3.2.2 Need in Egypt
UrbanfiEnevgyaRequiiremarn 5 e s isiSipumimiiisiin i) R OO08 00 C 3-18
3.3.1 Demand Characterization
3.3.2 Need in Egypt
Remote CommunicationS............ FOE GO 00 BOL eeietieieisiataientityis iaele L 3=1'8
3.4,1 Demand Characterization
3.4.2 The Need in Egypt

P TR S AU NPT W =



4.0

3.5

3.6

3.7

4.1

4.2

4.3

TABLE OF CONTENTS (Cont'd)

PAGE

Cathodic Protection. S T T/ /)
3.5.1 Denand ChFFHL(UlI(lLiOH
3.5.2 Need 1in rgypt
Agricultural and Industrial Process Heat..ioouiueiinnnninnnnn, 3=24
3.6.1 Food Cauning

3.6.1.1 Demand Churac[erization

3.6.1.2 HKeed in Pyt

3.6.2 Hydrogenated 01
3.6.2.1 Demand Characterization
3.6.2.2 Need in Lavpr

3.6.3 Soap Manufacture
3.6.3.1 Demand Uharacterization
3.6.3.2 Need In Pavpt

3.6.4 Pharmaceuticals

3.6.5 Beverape Induntr:

3060500 Dervind Characterization

3.6.5.2 Need ia vt

Bu ilﬁ[n; Climatization. .. ..., .. T T
3.7. Dewand Charactorivitfon
3. 7.‘~ Need {n }‘:\i:‘-';‘!l
RENEWARLE ENFERGY THCHNOLOOY CHARACTERIZATION....................... 4-1
Wind............ et e e e e R A T
4.1.1 Technology Deseripston
4.1.2 Resource Avallabllsoy
4.1.3 Market Readincss
4.1.4 Cogt
4.1.5 TIndustry Status
4.1.6 Current R&D Thrusts
Photovoltafcs. ..o ..., L T T Ay
4.2.1 Technology Desertption
4.2.2 Types of PV Collectors
4.2.3 Resource Avallability
4.2.4 Market Readiness
4.2.5 Cost
4.2.6 Industry Status
4.2.7 R&D Thrusts
4.2.8 PRelevant Egyptian/Worldwide Experience
High Temperature Solar Thermal. I T T T S e,
4.3.1 1Lchnology Description
.3.1.1 Flat Plate

4 3.1.2 Evacuated Tube Collector

4.3.1.3 Parabolic Trough

4.3.1.4 Parabolic Dish

4.3.1.5 Central Receliver
4.3.2 Resource Avallabiliicy
4.3.3 Market Readiness
4.3.4 Cost
4.3.5 Industry Status
4.3.6 Current Solar Thermal R&D Thrusts
4.3.7 Relevant Experience in Egypt

ii



4.5

4.6

4.7

4.8

TABLY. OF CONTENTS (Cont'd)

T PAGE
Geothermal....... e e L T T Sy |
4.4.1 Technology Desovipod
4.4.2 Resource Avallabilfity
4.6.3 Cost
4.4.4 Industry Status
4.4.5 Current R&D Thrusts
4.4.6 Relevant Fxperience in Egypt Using Geothermal Technology
Blomass... ..o i .., T T A
4.5.1 Techuolopy Desori ption

4.5.1.1 Direct Combustion
4.5.1.2 0 Anaerotls Digestion
4.5.1.3 1

«2  Resource avallabitipy
3

e Uinesatal fon

I/

. 5. Market Readiness

o~

. Cost

5
4.5
4.5
4.5. Industry Stata:
4.5
4.5
1

5

<6 Current K&D Thrast for Technology

7 Relevant Bxpericnce in Fgypt Using Biomass Technologies
I

Ponds. oo oo o o T e

Sola
4.6.1 Technology Deserd ption
4.6.2 Resource Avail bl twv

'
<

40603 Market Beadinea.
4.6.4  Cost

4.6.5 TIndustry Status

4.6.6  Current R&D Thrusts
4.6.7 Relevant Experience in Egypt and Other Countries
Munfcdpal Solid Waste . iui ittt iiinniiininn cevnvnrennnn, 4-21
4.7.1 Technoloyv Deseripeion
4.7.2 Resource Availatiifvy
4.7.3 Market Readiness
4.7.4 Cost
4.7.5 Relevant Expericence In Lgypt and Other Countries Using
MSW

Passive and Hybrid Solar iieating and Cooling and Daylighting... 4~24
4.8.1 Technology Description

4.8.1.1 Passive and Hybrid Solar Heating

4.8.1.2 Passive Solar Couling Systems

4.8.2 Resource Avallabilivy

4.8.3 Market Readiness

4.8.4 Industry Status

4.8.5 Current Passive Solar R&D Thrusts

4.8.6 Relevant Experience in Egypt and Worldwide

5.0 ECONOMIC FEASIBILITY OF TECHNOLOGY /APPLICATTION OPTIONS . vt vnvenuens, 5-1
5-3

5.1

5.2

Power for Remote Non-Grid-Connected Applications....ovivvunnnn.
5.1.1 Application Characteristics
5.1.2 Wind and Solar Resource Characteristics
5.1.3 Wind, PV and Diesecl Systems
5.1.3.1 Enecgy Supply Technology Evaluations
5.1.3.2 Assumptions Used {n Analysis
5.1.3.3 Econowmiec Analysis
Power for Pumping Applications. tr ittt i i i i i eenees 512
5.2.1 Applications Characteristics
5.2.2 Economic Analysis

iii



6.0

7.0

PAGE
5.3 Anaerobic Digestion of Sewage Waste Water for Electricity
Generatyon st as s e it o sEalo i Tvee s lete e atytala alytelatytetal tylytatabiou e 8 5-20
5.3.1 Application Characteristics
g Economic Analysis
5.3.3 Potential Application Sites
5.4 Anaerobic Digestion of Municipal Solid Waste for Electricity
GEN e LH L0 Sere laeo e e REoh e ta ToliaT sl aza Tarp U VORI S OO OO G ey laie i H =215
5.4.1 Application Characterization
5.4.2 Economic Analysis
5.5 Use of Biogas in a DT EYIIE AT T T salaralte o It B NN G SN SR o sesns 9=30
55,1 Application Characterization
555757 Economic Analysis
5.6 Biogas Utilization in Boll tnvRODe Fa 10Nl e SLa AT Tate T Tu Do s 5-32
5.6.1 Application Characterization
56,2 Economic Analysis
2L iR emo t ek CommUTTICa C1 0T E S Is R IRy e N ORI o PR oG oa0ass b 5=35
ST Application Characterization
5.75.2 Economic Analysis
5.8 Cathodic Protection..s.ssssesssss, slelslstelataloters BRI B0 O (OO el =k
5.9 Solar Thermal Technology Utilization in Agricultural/Industrial
BrOCes gl oree it elstelolple el ats ata ate b totalslallalelelala] s tessrrisseeesses 3-39
Shp il Technology/Application Options Selection
5%952 Economic Analysis
5.10 Solar Design Options for Building Climate Controles..evee.oss.. 5-51
5.10.1  Technology/Application Option Selection
5.10.1.1 Space Heating
5.10.1.2 Space Cooling
5.10.2 Economic Analysis
5.10.2.1 Economic Analysis for Space Heating
5.10.2.2 Economic Analysis for Space Cooling
5.11 Incineration of Municipal Solid Waste for Electricity
Genera O s elelalerore sl s Thetedslatalede sl el e eEele B OD0HGG8 0T 00004000 0 5-66
5.11.1 Application Characterization
Syilln Economic YR 0 6 5 000 BT B IO (B BB 00 BB G0 Bk Ak
EVALUATTON K CR T TE R T AT ety tatote o et e OO 00000 ad OGO OGO 00 O B0 0 6-1
6.1 Replicability in Egypt..... Slelatatstale ot sTereloliedatetatatalelors J000Ga0a0000000 o=l
6.2 Renewable Technology StatuB...eeeseseennsesnnn... setesraranerss 6-1
6.3 Renewable Resource EVER BB DB B0 080 50080880 660 00086680580 e 6-1
b4 Governmen LRPET 0TIt {'e grptia P u IS Noocadaodobaong: R
6.5 Renewable System Economic YU D LK SIS 0 o0 0pabn6 0080000000 Guadnn {55
6.6 Current Project Status in B Y D e e Tt ate oY e ala s e Tals hoe T toTs M pILmG WY (7
6.7 Institutional BN G000 000 A0 IU 0GB O RGO HOBO0ABEHaSa B 0os, (3T
6.8 Social and Environmental L EYI S0 0 00 0 A G0 0 GABAGAGDOH00 0000605 (3]
TECHNOLOGY/APPLICATION OPTIONS S HCIB TS 5000 GADOAGOOEEOHOREE 6 56 6o o 771
7.1 Field Test Candidate Selection Process DesCrlpd On . elsielste elstetelelststliZ =1
7.2 Data Collection..eveseeenen el T a ol el oo o ta e atetalstatate s tale ete et s s e el e ata e —)

TABLE OF CONTENTS (Cont'd)

7.2.1 Characterization of Applications

7.2.2 Characterization of Technologies
7.2.3 Technology/Application Options Identification
7.2.4 Evaluation Criteria Selection




TABLE OF CONTENTS (Cont'd)

PAGE
7.3 Data AnalysisS..euueeuiuneneinenneennnnenun. Y )
7.3.1 Phase 1 Analvsis
7.3.1.1 Characterization of Options and Scoring
7.3.1.2 Development of a Composite Score
7.3.1.3 Calculation of Evaluation Criteria Weights
7.3.10% Phase | Analysts Results
7.3.2 phdwt PE Analvais
7. <LoEvadoation Procedure
7.3.2.2 Recoomended Field Test Candidates
7.3.3 Calculation o1 Eviluation Criteria Weights
Ted  NeXE SEOPS ettt e Y

VOLUME 11
APPENDIX A: RENEWABLE ENERGY TECHROLOGY CHARACTERTZATION
APPENDIX B: DEGREE-DAYS CA! CULATIONS FOR ALEXANDRIA, CAIRO, AND ASWAN

APPENDIX C: CALCULATION OF HEAT LOSS CO-UFFICTENT FOR TYPICAL
EGYPTLAN HOME

APPENDIX D:  PRELIMINARY DESIGH OF A FLASH STEAM SYSTEM
APPENDIX E: HYBRID ANALYSIS

APPENDIX ¥: ROOF PONDS

APPENDIX G: ANALYSIS OF OVERHANGS

APPENDIX H:  REFLECTIVE COATING AND LOW EMISSIVITY GLASS



Exhibit
Exhibit

Exhibit
Exhibit

Exhibit
Exhibit
Exhibit
Exhibit
Exhibit
Exhibit

Exhibit
Exhibit

Exiiibit
Exhibit
Exhibit
Exhibit

Exhibit
Exhibit

Exhibit
Exhibit
Exhibit
Exhibit
Exhibit
Exhibit

Exhibit
Exhibit

Exhibit

Exhibit
Exhibit

Exhibit

Exhibit

Exhibit

(RSB

—
i
S oW

NN
B B

LB S B S )

LIST OF EXHIBITS

Project Task Areas....... 8 LaTalla fiaitpte Tuy Padiptiatiy S AT S AT TN YOS
Overview of Renewable Energy Field Test Candidate Selection
VYA e i vy i S RO e P 4 einls e alsate s (sl sln ers ois siaisias s14 eValhlstiatey
Technology/Application Options Selected for Evaluation.....
Ranking of Technology/Application Options by Composite
SCOTE JTeitaralotaiote ISR OAN G Wln aty TpiaEalle Lol yngtghotis aTate |y ey iala iyl vale s
Highest Ranked Technology/Applications OptionS........vo...
GOE Renewable Energy Decision—Making Process......... RO iy
Primary Energy Consumption in 1980..... MR i $Ug edln ln talstnite e lerste
Traded Energy Consumption In Final Uses 1:9.6 Ofl(MT OES) TR ears
Development of Electricity Generated and Maximum Lead over
LD 708 =181 O B0 Fr e LA E i P OO OO ey P PO I5ES G OB NS
Development of 0il Products Consumption 1974 - 1980/81.....
Primary Eunergy Consumption for the Year 2000 SRV R P
Evaluation of Government Priorities Based on Public Sector
Investment Targets '(1981-871) s vuiiss anisnlss o snnnintenn S
Consumptive Use Water Requiremants I N E oy tial, aisrls ilsa il
Unit Wzier Requirements in the Nile Valley and Delta.......
Estimated Irrigation Water and Pumping Energy
Requirements for the New Lands A (O bl ey Gio AR sielels
Typical Water RequiTemernts. s s s eoeeessonssonsnn, ST oLy Ty e et ety o39

Annual Water Requirements Per Water 3 B 0 (53 S RO 0 050 5 O
Relationship Between Water Rejquirements, Pumping

Head, Energy Requirements, and PV, Wind and Biogas

GeneratOrEReqUITEMEIIE S s as s sle s olole oot MR el $Tetals Tty
Electrical Energy Kequiremcnts for Livestock Operations....
Annual Urban Energy Reqgdremen s ettt ls sl ralan setellileryiuy Eyr e
Photovoltale Powered Remote Communication Systems

to be Installed {in A s (e B 0 GO TS B0 B O S v
Thermal Size Plant Canning Process and Thermal

Energy: F1oW Charts sssssss:ss GO0 GO etelans elate SEetsilerals el sls
Thermal Energy Load for the Egyptian Food Canning

T R 05510 0 a Dl 0 506 0 S0 AT B $)ieintaselluNaly fa okota ettt siels atsTedate

Hydrogenation ...,. A
Thermal Energy Inputs for Edible 01l Hydrogenation.........
Hydrogenated 011 Industry Thermal Energy Consumption

vy IR E 08 boac ol o ooaa S 00000 00050000040 G000 000 0OMa8 G0 G
Process Flow Diagram for Kettle Soap Manufacture with

Thermal Energy RequirementsS....esseesesssnsennns. sfenalsletes
Egyptian So0ap Production and Energy Consumption..... Sletetalotelts
Schematic diagram of the Penicillin Manufacture

Ao 008 o O A O OIS B GG BB o)lells Reolstetls o tatate aslesoieinian, lsisls
Process Flow Diagram for Aspirin Manufacture with

Thermal Energy RequiTements. ... esnnsssonsnnsennns 00D 0
Thermal Energy Load of the Pharmaceutical Industry

in Egyptesseo. ... R S R0 (RT3 OIS S LT P s tesuenayaa .
Process Flow Diagram fo Beer Production with Thermal

Energy Req Ul eme st e T L AR

LI R R R I I T I R R P R T T LI R R e R R R R e )

vi

3-36
=377

3-39




O

LIST OF EXHIBITS (Cont'd)

PAGE

Exhibit 3,21 Thermal Energy Load of the Beverage Industry

0 S R R iy S A O A O N S trrrrsssnaaenias 3-43
Exhibit 3.22 Climate and Heating/Cooling Loads for 3 Cities.,........... 3-44
Exhibit 3.23 Heating Load Calculation for Cairo...... als st ate s olis e a s s e ls veeas 347
Exhibit 3.24 Cooling Load Caleula tdon T orlCadir oo RS Y T e 3-48
Exhibit 3.25 Projected New Residential Construction.......... 3 B PO 3=52
Exhibit 5.1 Technology Application Optiors Selected for Evaluation...., 5-2
Exhibit 5.2 Wind Turbine and pV AL Y2 OU tpu e R e N ) s 5-4
Exhibit 5.3 Block Diagrams of Wind, Photovoltaics, Diesels and

HyD 1l d @Sy &t amgheaiaresiba i OO o B s CaTa g et A ¢ vesee.  5-0
Exhibit 5.4 COS ERAS S UMD CLOTIS o s fars 1 Tsl- PR NI Vs LaralavaTotaea BTl v (i O 5-8
Exhibit 5.5 Energy Cost Variati{on with Energy Demand for Wind,

PV, Diesels and Hybrid BV S E O ME et e NI DO D BB B Sy
Exhibit 5.6 Economic Analysis Results of Wind, PV, Diesel and

Hybrid Power Systems Lowest Cost ALEernative sl e 5-11
Exhibit 5.7A PV, Wind, Diesel and Hybrid Systems Evaluation

Program for Stand-Alone QD DLTC & B 0 1) SRRt e R N (U ki)
Exhibit 5.7, Evaluation Program Graphical OUEPUL...essnsnssits.,., seieee.  5-14
Exhibit 5.8 Comparative Costs of Water Pumping for Livestock

Ha LR VLN Rt R Totr st s N e vl s eletetets s silelieteliolorelighatyliytyty sisfetaishsnele 5-16
Exhibit 5.9 Comparative Costs of Water Pumping for Irrigating

OnefHectar e srtemiipiEseniie O O O O O O OB OB oG SF=aL7)
Exhibit 5.10 Comparative Costs of Water Pumping Systems for Land

Reclamat] on il it e $eles s ainiealsay sistebeialareTut oty tainterorepeu s + 5-18
Exhibit 5.11 Summary of Water Pumping Economic Analysis.......... tensees 5-19
Exhibit 5.12 Sewage Plant Biogas Cogeneration System...... OO (FOIFG cesraes  5=21

Exhibit 5.13 Energy Balance for Sewage Wastewater Anaerobic
Digester and Cogeuerator................................. 508
Exhibit 5.14A Specific Generation Rates of Household Wastes for

Different Living Standards.......... 5 G OG0 AN 0008400 veseas  5-26
Exhibit 5.148 Sectoral MSW SELCTALTONTD AT Ee Tt rote oot o R G ssvs 5-26
Exhibic 5.15 Msy COmMPOS ] O s et T P e alsinls 0t lers sl elaeyarelnrs Ceseenaes vesse  5=27
Exhibit 5.16 Material Balance for Electricity Generation for

100 'TPD MSW Anaercbic DIgeEstlonBSya tem i i e terasees  5-29
Exhibit 5.17 Dafry Biogas Cogeneration Y 8 e R e teeen 5=-31
Exhibit 5.18 Poultry Farm Biogas Cogeneration System....... tesersseenes,  5-33
Exhibit 5.19 Cost Energy vs. Energy N N 660000008 00005050 A0S Gt vve  5-37
Exhibit 5.20 Features of a PV-Powered Cathodic Protection System....,, .. 5-38

Exhibit 5.21 Temperature Requirements and Production of Priority

Agricultural and Industrial Process Industries for

Application of Solar Thermal Technolopy FieierieisN ol - 0= 5
Exhibit 5.22A Sumnary of Performance and Economic Data for Solar

Thermal Technologies Applied to Industrial Processes..... 5-42
Exhibit 5.22B Projections of Solar Thermal Energy Costs in 1990.......... 5-43
Exhibit 5.22C Cost Bases for Solar Technologles it tresseiaaaiaaa. 544
Exhibit 5.23 Dpata from a Computer-Driven Calculation of Solar

Energy Output from a Flat Plate Sy.stem’ i, vedens.  5=46
Exhibit 5.24 Schematic Diagram of an Unfired-Boiler Solar

SteamiSy.s temslealsion sttt Myt s S tesrsrsaanasaanes 5=47
Exhibit 5.25 Schematic Diagram of a Flash Solar Steam SY B L et e fr e IS 4 8

vii




Exhibit
Exhibit
Exhibit
Exhibict
Exhibit
Exhibit
Exhibit
Exhibit
Exhibit
Exhibit
Exhibit
Exhibit
Exhibit
Exhibit
Exhibit

Exhibit
Exhibhit

Exhibit

Exhibit

Exhibit

Exhibit

Exhibit

Exhibit

Exhibit

Exhibit

Exhibit

Exhibit

Exhibit

Exhibit

Exhibit

5.26
5.27
5.28
5.29
5.30
Syl
5.32
5583
5.34
535
5.36
5.37
5.38

5‘39
5.40

7.1

7.2

?.4

706

7.7

7.8

79

7.10

?Cll

Ties12

LIST OF EXHIBITS (Cont'd)

Schemaiic Diagram of a Parabolic Trough/Flat Plate

Hybrdd¥S01a rliSteamiiSy s tiam tlstals aishs el i ol SO SOOI O ) .
Evaluation of the Gasofl and Electric Options for

Space Heating..,.,..... SO 000 #7048 0 (alialet9 s o lla ta Tal o tatiy iyt ialigtiatiaalls e
Evaluation of the Solar Option for Space Hea by prerctine Ot
Evaluation of the Air Conditioner for Space Heating........
Performance of Overhang Type H...... Slatelet's e OO (LR D) ore
Effect of Roof Pond on Cooling Load.ssssesunn. 359 ToT3\s0a tae al's Tatie iy
Effect of Reflective Film on Absorbed Solar Radiation......
Economic Evaluation of Gasoil Optiong...... Alate et Tatalstoliala i tocoreny
Economic Evaluation of Solar SPACeEHEN P m ot e e ah ;
Economic Evaluation of Air CondltlonETE s visse e sass O OO O
Comparison of Passive (OFojiea o) el ok iy O R B G OO O O T s
Refuse-to-Energy System...soeese.snr,. i) 13 VO T 1 4 A0
Typical Controlled Air, Modular Combustor....... SONT AT oG .
Energy Balance for Baltimore RESCO DT R B NNy 6 et P o
Energy Balance for a Typical 50tpd Modular MSW Plant.......
Renewable Energy Technologies Stages of Development........
Evaluation of Government Priorities Based on Public

Sector Investment Targets (9. 811.=B75) S iara s QP08 D0 0a 0
Comparison of Production in 1981/82 with Expected

Production in 1986/87...... Ve ietalile e aiamalt DGO GO AN S8 50500

Overview of Renewable Energy Fileld Test Candidate Selection
Process. .« i... BORs O Chrea e aeaa siefoivielaialinto el niels el slale e slelale
Selected Renewable Technology/Application Options Con-
sidered for Egypt......... OO IO O ST e 3N T ol s ol Fa ey mo o Paisians .
Weights Selection using the Metfessel General Allocation
e 00O O AG OO R0 o8 B0 6 W ST ols7alekntatereledety Fatotatute] s ot res ole
Ranking of Technology/Application Options by Composite
SCOLE e lolaraly GO O OO GO0 000000 Do 0A veesas sieieieiey iy yls
Scoring of Technology/Application Opportunities for
Replicability Criteria......... FOLGOON 0000 AG0OB0 00 00 B aon
Scoring of Technology/Application Options for Technology
StatUSECT Lt @n a s et o e ot et S oo eivesiaisienisisis sisae
Scoring of Technoiogy/Application Options for Resource
AvaTla bl b yHC g To T At A o il ol S e G OO0 060 GON
Scoring of Technology/Application Options for Government
Priorities OB U B by 0 T i S D B O O S TR 1 0y e “ele
Scoring of Technology/Application Options for Economic
Feasibility Criteria.....................................
Scoring of Technology/Application Options for Current
Status in Egypt Crlturia.................................
Scoring of Technology/Application Options for Institutional
Requirements Criteria...... OO ROO O 0000000000008 00 E 0
Scoring of Technology/Applicatio Options for Social and
Environmental Impaccts BN ) 60 0000000000 B 0000008 KERGH -

viii

[Esls)

7-16

7-17

7-18

7-19



http:Exhibit5.26

1.0 INTRODUCTION
1.1 Purpose

The purpose of the Renewiable Technology/Application Options Assessment
Report 1s tc identify promising renewable energy technology/application combin-
ations with widespread use in Fgvpt.  This report is prepared as part of the
Renewable Encrgy Resources Ficld Testing Project which 1s sponsored in joint
cooperation between the Covernment of Egypt's (GOE) Ministry of Flectricity and

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

1.2 Background

The objective of the Renewable Energy Field Testing Project is to
strengthen the capabilities of the GOE 1in designing, managling, and evaluating
renewable energy systems for Egypt. Four major task areas are being performed

for this project.

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

necessary to develep the capabilitics for performing the supporting analysis,

field tests, and training required by the contract.

Task 2: Support{qglyy§iggﬁ_- Provides for a broad range of technical, socio-

economlc, financial and market analyses through four subtasks.

2.1 Conducting cconomle and market analysis for the 11 candidate rencwable

energy field tests that have been ldentified for the Project.

2.2 Identifyin, and evaluat Ing promlsing renewable technology/application
combinations other than the 11 candidate field tests.  This subtask

fnvolves: (1) conducting a preliminary technology application asscss-

ment to determine renewable options which warrant further evaluation
for Egypt; (2) conducting detalled technical, economic and market
assessments of selcected options; and (3) developing technology/
application program plans for fmplementing selected options and
conducting flcld tesvs.

2.3 Designing, developing, and implementing a Renewable Energy Information

System (REIS) for storling, retrieving and evaluating project data.

1-1



Task 3: Candidate Field Test Tmplumvnrqt{og_— Involves the design, installation

and operation of renewable cneryy ticld rests at 11 sites in Egypt. Filve in-
dustrial process heat, three photovolrate, and three wind energy systems are
scheduled for completion in this task. Specific activities to be performed
Include application review, technolopy review, conceptual design, RFP preparation,
proposal review, selection of an installation contractor, system implomentation

and oversight, and system pevtormence evaluation.

Task 4: Training and Informnt}oqH}Usgﬁmdnation = Provides training to the GOE

in the areas of project management , tield test roplication, and economic and market
analyses. This will be accomplished by on~the~job and specialized training, both
in Egvpt and in the U.S.

Exhibit 1.1 depicts the task and subtask activities for this project.
The Options Tdentification Report presented here is the first activit,; beiny per-
formed under Task 2.2 Renewahle 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 1dentifying promising renewable
energy techrology/application options for Egvpt, other than those selected
for the 11 candidate field tests, iy provided below.

Step l: Delineate general coonomic and encrgy settieg in Egypt as it
pertains to the sclection and evaluation of rencwable energy
technologies Tfor th countyy. This ifncludes a review of current
and planned demographic, svographic, economic and energy balance
characteristics, as well as a4 review of Egypt's development
objectives.

o

Identify potential enerpy application sector requirements in
Egypt according to threec categories: electric, heat and mechanical

Step

uses.
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EXHIBIT 1.1

PROJECT TASK AREAS

TASK 1

PROJECT
MANAGIEMENT

|

TASK 2

D U GRSV

TASK 3

ANALYSIS

SUPPORTING }

CANDTDATE FIELD
TEST IMPLEMENTATION

FIELD TEST
ECONOMIC/
MARKET ANALYSTIS

RENEWABLE

ENERGY

APPLICATIONS

ASSESSMENT

- Options Identi-
fication Report

— Options Evaluation
Report

Program Plans

Notebooks
RENEWABLE
ENERGY

INFORMATION
SYSTEM (REIS)

~ Technology Assessment

- Technologv Reference

APPLICATION
ASSESSMENT

TECHNOLOGY
ASSESSMENT

CONCEPTUAL
DESIGN/
PERFORMANCE
SPECIFICATIONS

RFP PREPARATION

PROPOSAL
EVALUATION
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COORDINATION AND OVERSIGHT

FIELD TEST EVALUATION

ON-THE-JOB
TRAINING

SPECIALIZED
TRAINING




Step 3:

Step 4:

Step 5:

Step 6:

Exhibit 1.2

selection

following chapters play in providing supporting data and

process.

Identify rencwable cnergy technologles whi
the above sector applications. Critical fssues
include worldwlde
market readiness, oo
characteristics, R

using the techneto, -,

to bhe

coholopy experience, resource avail

thruste, and relevint expericence

ch could satisfy
considered
abllitcy,
wembe viability, fodostry status, operating
tn Fevpt

Map the rencwable eneroy technologices apalnst the vueryy applications
3

Into a matrix which will identify suftable optiocas tor

or priorivizing
will

technalop

Establish the methodatory and eriteria f
selecting the wost prowising options. !
government priorific:,
costb status, replicabillty
institutional

ardaneters
avatlabilTitw,
current

social

resource

fn Feypr, Glitins

reguicementy, and and environment a

Select, fa conjunction with the GOE, the most promising
the Egyvptian content .
mid-, or long-terw applications.

shows an overview of

It Includes an identification of the role that

options selection.

Since renewable encrgy technolopies

technological breakthroughs occeurring

By pt.

and
inclulde

Yostatus,

in Egvpr,

I {mpacts.

options in

Pvaluate as to whether they are near-—,

the technology/application field test
each of the

analyses for the final

are dynamic 1in nature, with cost and

on an on-going basis, the Options Identifi-

cation Report will be updated annally

This will ensure that Egypt has access to

the most up-to-date information

and projec

available for use in renewable energy system

t decision-making.

Data used in preparing the Options Identification Repo

from the following sources:

(1)

(2)

(3)

rt has been obtained

Discussions with key GOE, USAID and Egyptian private sector

officlals;
Collection and review of technical reports, publi
on the current and projected status of renewable

and applications; and

Collection and revicw of GOE planning and strateg
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1.4 Evaluation Procedure
Exhibit 1.3 shows, in a matrix format, the technology/application combinations
that were evaluated. 1In total, 5% technology/arplication options were studied.

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

candidates. This approach is described helow.

1.4.1 Phase I Analyses

A multi-attribute, quantitative scoring scheme was employed in rank ordering
the technology/application options. The evaluation criteria used were the
following:

o Replicability in Egypt

o Renewable technology status

o Resocurce cvailablility

o Government priorities

o Renewable system ecomonic feasibility

o Current project status in Egypt

o Institutional requirements

o Social and enviroamental impacts

Each of the 55 options were assigned numerical scores according to their
ability to satisfy the evaluation criteria, with the highest scores reflecting
the better candidate oplions for Egypt. Exhibit 1.4 presents the results of th
analysis, with Column 10 presenting the rank ordered results. The leading
options are listed in Exhibiv 1.9. Ags evidenced, they represent a broad cross-
section of renewable technologies, including Yogas, solar thermal, active/passive

solar, municipal solid waste, photovoltaics and wind.

1.4.2 Phase II Analysis
In the Phase II analysis, the leading options resulting from the Phase 1

analysis, were further screened in order to identify the best candidates for
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Exhibit 1-4

RANKING OF TECHNOLOGY/APPLICATION OPTIONS BY COMPOSITE SCORE
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EXHIBIT 1.9

HIGHEST RANKED TECHNOLOGY/APPLICATIONS OPTIONS

APPLICATION
Electricity for Cities
Pharmaceuticals
Restdential Buildings
Hyvdrogenated 011
Commercial/Institutional Buildings
Flectriclity for Citles
Remote Communications
Soap and Detergents
Irrigation
Irrigation
Irrigation

Irrigation
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TECHNOLOGY
Biogas Electricity fronm Sewage
Solar Thermal
Active/Pussive Solar
Solar Thermal
Active/Passive Solar
MSW Inclaeration/Electric
Photovoltaics
Solar Thermal
Wind Electric
Wind Mechaical
Blogas Mechanical

Photovoltaics without Batterv



field testing. Evaluation criteria used in this phase of the analysis included:

o Scale of Potential Field Test and Required Budget

o Current Project Sratus in Egvpt

o Commercial Status in Fgypt

o Replicability fn Egvpt

o Resource Avaflabilitv and Demand Match

As a result of this analysis, [ive technology/application options are
recommended to the COF as viable ficld test candidates.

0 Act{vp/ﬁaﬁsivgVSQlap‘iVROSidvutin] Bu{l@{qgﬁ

This option fnvols + the tield testing of act{ive and passive solar systems

for residential appileations.  Theoo technolopics are technical ly proven,
cost competitive and have o larpge potential for replicability in the
country, particularly to sapply bheating and conling needls.  Par ot ey
in the urban arcas alone up 1o 800 GO0 ney hous ing units are planied by
the year 2000, wich addition:  rovth expected fu the new cormunition
being developed in the countre.  This option takes advantage o1 a

readily avatlable solar resource, meets the budpet requirencnts of the
project, and provides Fpvpt with experience o a new renewable technology/
application.

o Biogas Flectricity from Scwape - Hlectricity for Citles

This project involves development of a system which uses biogas electricity
generated from sewage to produce power for urban areas. This option {is
particularly promising ror Tgvpt in that is uses a technology which iy
commercially avaflable and cost competitive, falls within the project
budget, has a large potentfal for replicability In urban arcas of the
country, and prescuts a technology which has not been demonstrated
previously In Fgypt. PFartherwore, this ention s ensured of a stable
resource supply from the pood sewape collection systems in Fgypt, produces
a by-product with a hiyh value as a fertilizer and soil conditioner,
provides a viable alternative for supplying electricity for both sewapuo
plant requirements and cit; prid power needs, and helps reduce health
problems arising from untreat-d sewage entering the waterways.

o Solar Thermal . Pharmaceuticals and Hydrogenated 011 Industries
The two industrial field toest candidate options {fnvolve the use of
solar thermal technoloyy for low-temperature steam applications.
Specifically, for pharm+:cuticals the temperature range {5 1207-130°C,

with hydrogenated ofl production rangling from 130°-200°C.

Solar thermal systems have o high potenttial for replicability in these
and other industrial scotors or Egypt, are cconomically 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
on-going solar thermal projects in Egypt, thus providing Egyptians with
experfence in a new technology area.

o Wind Mechanical - Sﬂﬂlliﬁiﬂ{eﬁlfﬁiﬁﬂiiﬂﬂ

This fleld test candidate involves small-scale irrigation systems
supplied by wind mechanical energy. These systems can be used for 1{ve-
stock watering, land reclamation (depths of up to 50m), and/or for
potable water for human needs.

The advantages of performing a fleld 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 svstems which satisfy
the project budget; utilize 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
(E3I), will be presented to senior-level EFA 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 EFA approval for a set

of candidate field tests.
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2.0 THE EGYPTIAN CONTEXT
Energy planning in Epvpt, and vitimately the role that renewables will
play in the country, is dependent upon a number of interrelated factors, including:

-—- Basic data on the (H)h"!'d')h\" demography economy and local rencwahle
~ t - k] I ’ ’
(:ncrgy l’I](]US{: I'y of the C(HHI[I'_V;

-~ Energy demand s{tuation, current and projected;

-- Energy supply resources; and

-~ Filve Year National Development Plan objectives.
Combined, these elements provide the framework in which the GOE will conduct
reaewable energy decision-making for the country. E-hibit 2.1 graphically presents
the renewable encrygy decision-miking process for Egypt.

This chapter provides backpround information on each of the areas {dentified
above. The Information will he used in subsequent chapters to provide the basis
for identifying, evaluating and selecting promising renewable technology/appli-

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

needs and characteristics.,

2.1 Basic Ceuntry Data

This section reports on basic country data which 1s required to assess the

energy situation in Egyptr.

o
—

.1 Geography

Egypt 1s located in the extreme northeast of Africa and consists of
approximately 386,600 square miles of land. Egypt 1is generally organized into
four major areas, as discussed below.

o Nile Valley and Delta - The Nile River is the longest river in Africa
(1666m51105Y2ﬂﬂftJﬂ Tifeline of Egypt. The Nile enters Egypt at Wadi
Halfa in the Sudan, and reaches the fertdle delta in Cafro. 1t accounts
for approximately 99 percent of the population, 4

4 percent of the land,
and the country's only caltivable soil.

0 HWestern Desert - The Westera Desert, which accounts for 68 perceat of
the land area, 1s an arid region with vasr sand plains, shifting dunes
and large depressions. The Government considers this a frontier rezion,
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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. The remaining depressions are characterized by
limited agriculture, some natural resources, and permanent habitation.
As oases, these depressions obtain fresh water in sufficient quanticies
from the Nile or other underground sources.

0 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 ecastward
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 1ts natural resources. The entire Eastern Desert
is administered under a single governorate, Red Sea, with its capital
at Hurghada on the Red Sea.

square miles, situated east of the Gulf of Suez and northeast of the
Eastern Desert. It is closely akin to the Desart, contalning 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 2,637 meters. Before the
Sinal was seized by Israel in the June 1967 War, a single governorate
embraced the whole peninsula. 1In 1982 the Egyprian Government divided
the peninsula into the North Sinai, with its capital Al Arish, and the
South Sinai, with its capital at Tur.

o Sinai Peninsula - The Sinai Peninsula is a triargular area of 23,600

2,1.2 Demographics

In 1983, the population in Egypt was estimated at over 45.8 million
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 1s 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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billion, with export revenues expected to amount to $7.8 billion. This
results in an estimated trade deficit of approximately S$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 oll production 1s 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 per-
cent 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 per-
cent 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 imports of food production represents one-
third of total imports, one of the highest ratios in the world.

0 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, Hamrawein, 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




Desart); uranium (Cairo); and gypsum (Alexandria),

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

Eg;EETEqphysical infrastructure. Transportation, telecommunications
and other facets of the infrastructure are Inadequate for the desired
growth of rural and urban economic activities. Although the government
is taking steps to improve this situation, including increasing and
enhancing roadways throughout the country; building a Cairo subwav
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 fin Fgypt. 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 §tructures, 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 renewvable 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. Tralning facilities in the Solar Energy Laboratory at the




National Reszcrch Center aad in tne Ministry of Industry Vocational Training
Centers, as well as in higher education institutions (e.g., Cairo University and
Helwan Institute of Technology), could all be extended 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 Fgypt amounted to approximacely
24.2 million tons of ofl equivalent (MTOE), of which 76 percent was supplied by
commercial energy sources and 24 percent by non-commercial sources. A breakdown
of primary energy consumption by fuel type is provided in Exhibit 2.2. As
demonstrated in this exhibit, oll accounted for 73 percent of commercial energy
consumption, ratural gas for nearly 11 percent, coal {or nearly 5 percent
(yirtually all coal used in Egypt is fmported), and hydropower for 11 percent.
Crop residues accounted for the bulk of the non-commercial consumption (777%),
with animal waste, fuelwood and animal power supplying the remafnder.

Overall domestic oll consumption accounts for approximately 75 percent of
all oil produced in the country and this is sold at only about 20 percent of
the world price. Only 25 percent of the Governmeat's share of oil produc:d 1is
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
accovnts 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.



EXHIBIT

2

Lo

2

“

PRIMARY ENERGY CONSUMPTION IN 1980

Source ~ .
Commercial NTOL Commercial  Total
011 13.5 73.4 56
Gas 2.0 10.8 8
Coal 0.9 4.8 4
Hydropower 2.1 _11.0 8
Subtotal 18.5 100.0% 76%
% Non- A
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 7 100.0% 247
TOTAL 24.2 1007% 100%
EXHIBIT 2.3
TRADED ENERGY CONSUMPTION IN FINAL USES 1980 (MTOE)
C TFuel T T T Nadwea T T
sector .01} Gas | coal | Flectricity Total
Industry 3.5 0.7 0.7 1.0 5.9 (407%)
Transportation 2.5 - - - 2.5 (17%)
Residential 2.0 0.3 - 0.3 2.6 (18%)
Agriculture 0.7 - - 0.1 0.8 (5%
Commercial 2.7 0.1 - 0.2 3.0 (20%) |
e SO SR LAY RO - RN PR b L N S,
TOTAL 11.4 1.1 0.7 1.6 14.8 (1007 {
|- m |oon ol aw | e
* Source: National Strategy for Development and Utilization of New and

Renewable Sources ot Energy (NRSE), July 1982,



One of the most disturbing aspects concerning energy

use in Egypt is the

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

As shown in Exhibits 2.4 and 2.5,

the annual average growth in consumption was

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

of 1974-1980/81. This 1is 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 ears. A major contributor to this
I 1] y y i

growing energy usage is the substantial subsidies provided for hoth 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 MTOF. Energy demand

is anticipated to occur as follows:

0 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
in the country.,

living

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; and
14 MTOE (50 billion kWh) or 4¢ 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.

0 Direct consumption of oil and natural gas 1s 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 en-rgy consumption
for the year 2000.
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Development of Electricity Generated and Maximum

Load over 1974-1980

POWER CENERATED
(mAi 11. 1~:wh_)

annual rate of

Year “thermal hydraulic total growth
1974 2395 6120 8515 -
1975 _3010 6790 9800 15%
L1976 1 36H0 8005 11645 18.9%
|
a7 L a3 9040 13575 | 16.5%
1978 | 51A0 9935 15075 | 10.5%
1979 6755 9710 16465 J 9.2%
1980 8629 9801 18430 r’ 11.9%

A
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EXHIBIT 2.°

Development of 0il Products Consumption

1974-1980/81

(GO0 tons)

Product 1974 1975 1976 1977 1978 1979 1980/81
Butane gas 160 179 211 248 296 339 408

Natural Gas - A 33 110 362 587 852 1810
Gasoline 579 672 747 837 954 1041 1219
Kerosene 1110 1188 1225 1305 1380 1486 1555
Diesel 1196 1335 1477 1633 1848 2040 2714
Gas 01l 3291 3639 4012 4292 4382 4840 5495
{Other Products 345 343 369 394 560 541 924
Total Consumption 6681 7389 8151 9071 10007 11139 14125
Annual Rate of Growth - 107 10% 11% 10% 11% 277%

Average Annual Rate of Growth =

13

>
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EXHIBIT 2.6

PRIMARY ENERGY CONSUMPTION FUR THE YEAR 2000

(million tons of o0il equivalent)

ELECTRICITY 29.5 457
Hydropower 4.5
Nuclear 11.0
Thermal (o011, natural gas, 14.0
coal)

DIRECT CONSUMPTION
0il and Natural Gas 34.0 527

NEW AND RENEWABLE SOURCES
(Excluding hydropower which 1.5 37
is addressed under electricity)

TOTAL 65.0 100Z%

Source: "The Energy Situation in £gypt,” 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 MTOE.

2.2.3 Energy Supply Resources

Egypt has a broad range of resources curreatly avallable, however, many of
these exist In only limfted quantittes. A brief summary of the major energy
resources in Egypt 1s provided below, with a more detailed description of the
country's renewable encrgy resources presented in Chapter 4.0.

Petroleum. Crude oil production began {n Egypt on a significant scale 1in
1969, with ofl exploration activities Intensifying in 1973. Although reserve
estimates vary widely, from approximately 400-600 million tons, {t is penerally
agreed that domestic petroleun 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 wm{llion tons in 1973,
However, as previously mentioned, domestic consumption during the same period
has grown from 6.% 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.

Natural Gas. 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 assoclated with increased o{l production.
Proven reserves of non-assocliated gas arce approximately 250 billion cublic
meters, with three major fields providing the bulk of natural gas production.
These include: (1) Abou Mad{, which lies In the northern part of the Delta and
has an average dally output of 80 million cubic feet and 1,750 barrels of ofl
derfvatives per day; (2) Abu El-Charadeek In the Western Desert which has an

average daily output of 95 million cubic feet with 3,500 barrels of oll derivatives

13
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per day; and (3) offshore Abu Air, which lies in the Mediterranean Sea, and has
an averdge daily output of 70 million cubilc feet with an additional 1,500
harrels of oil derivatives daily. Natural gas Is a basfc source of energy for
fndustries such as iron, steel, chemicals and fertilizers. 1t is anticipated
that natural gas will play an fnereasingly fmportant role in Egypt's energy mix.
Coal. TFew coal deposits have been discovered in Egypt, with estimated reserves
fn the range of 80 million tons. The bulk of these reserves are located at the
Al-Mighara coal mine in the Sinai, which has been recognized as having 35 million
tons of recoverable reserves with an cconomic recovery potential. Coal reserves
and carbonic materials also exist in the areas around the Gulf of Sucz, with
Hmfted quantities avallable in the Sinai and Western Desert. Other coal deposits
fn the country have either not been characterized, have poor geological charac-
teristics, or are not otherwise considered economical for exploitation at the
preseant time.
yggg}ggf}jgyzggg. Currently, nefther uranium nor thorium are being produced
fn Egypr. Geological surveys performed since 1961 show that there are very
small quanitites of uranium in the rastern Desert, which are uneconomical to
explore. Other studies have predicted that sizable amounts of uranium and
thorium oxides exist in the Red Sea and Mediterranean. However, uranium
recovery i{s presently uneconomical unless it is combined with a larger project
to recover other minerals in these regions. Therefore, Lgypt's national program
to build nuclear power stations will depend on the importation of nuclear
fuels.
Solar Euergy. 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 s available for 12 hours daily. Overall, chere are 3,400 hours

per year of solar availability in the north and 3,900 hours in the south.
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Hiﬁq_ﬁpﬁfﬁyf At least two regions in Epvpt have sufficient average daily and
annual wind speeds considered hiph enough for the development of wind power
generdators.  These include: (1) the Moedliterranean Sea coast which has an averape
annual wind speed of about 20 km/hr, and (2) the Red Sea coast with approximately
22 km/hr. Useable electric energy output In these areas 1s estimated to be 650
kWh per square meter of windmill sweptoarea.

Currently, Battelle Pacific Northwest Laboratorias, under contract to ATD/
Calro, 1s conducting a wind resource assessment In Egypt to update and verify
wind resource data for Egypt. 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.

piquss_Requ;Epﬁf The major sources of blomass in Egypt include animal waste
and agricaltural restdues, both of which arc used in rural areas to provide fuel
and fertilizers. Substantial quantities of urban refuse and sewage are also
avallable and could be used as an energy source.,

QQPEEE{E%},ﬁUSEﬁX- There {s now only limited information available on the
extent of geothermal energy resources in Egypt. Low geothermal temperature
gradieants (15-20°C/xm) exi{st in Northern Egypt, the Nile Delta, and the Western
Desert, with deep wells at the Bahariya, Dakhla and Fharea oases tapping aquifaers
with temperatures of 35-43°C. High thermal gradients exi{st along marging 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 s des of the Gulf of Suez, as well as in several
ather isolated lecations throughout the country. Overall, it is estimated that
Egypt has a geothermal potential of about 20 MWe.

Water Supply. The Nile River is the only significant source of surface
water in Egypt. Since construction of the High Dam at Aswan, approximately 56

billion cubic meters (m3) of water per year have been available for downstream



uses. The maximum yield of the Nile is estimated to be 73 billion n? which is
Just enough to meet projected apricultural (44 perveent increase) and industrial
(87 percent increase) requirements {{ conservation and frrigation efficiency
pregrams are implemented.

The Nubian aquifer I{n the Western Desert also has a very large amount of high
quallity, nonrvnewable groundwater suitable for irrigation and/or industrial
purposes. Adjacent to currently populaved areas, a quantity of brackish and
other waste water equal to at least one-fourth of the annual flow of the Nile is

available from irrigation returns, drainage canals, dewatering wells and municipal/

industrial waste systems.

2.3 Five Year National Development Plan

IhQAUGﬁdilvduﬁfﬂmP,O?HF“P“FiYG Year Plan for PEPEEEﬁflfHHL§9913¥MQ9V9%0Pm
1952/8}—}987/88, incorporates country and energy data into a comprehensive plan
for increasing the productive capacity of the economy and Improving the standard
of living in Egypt. Although dirceted primarily to the curreant five year period,
the Plan reflects the country's medium- and long-term objectives through the year
2000. Thus, the Plan provides the base for specifying the role that renewable
energy technologies can play in assisting the GOE 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 persued, as discussed below.
2.3.17 Agricultural Sector

0 Increese agricultural productivity through vertical expansion and higher

vegetable and fruit crop intensity. This will require improved irrigation
and drainage.



o Increase output of livestock, poultry, fish and beef fced lots.

0 Reduce losses in agricultural output by improving facilities for
food processing and retrigeration.

o Increase land reclamation and cultivation, particularly in the Sinai,
Red Sea, Western Oasis (Now Valley) and northwest coastal areas.
2.3.2 TIndustrial Sector
o Conduct balanced amd {grepr vted STowLia i Lhe industrial sector
and the other sectors of the economy, particularly the electricity
Bector.  To date, power cuts have hindered the achievement of pro-

duction targets in many industries,

0 Increase production of construclion materials, e.p., cement, brick,
glass etc.

o Expand and diversify ind.stries providing products for local
consumption (e.g., food :nd clothing) and export (e.g., cement,
gypsum and fertilizers).

0 Increase production of biogas from farm waste.

o Increase production of solar equipment and appliances.

2.3.3 Energy Sector
0 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.

0 Maintain sufficient rescrves of various energy sources to satisfy
the expected increase in demand for enerygy.

0 Increase the development of various energy sources, particularly
petroleum, through intcasiiying exploration and survey erfforts.

0 Acquire modern and appropriate technology for the utilization of
alternative energy sources, in order to reduce the burden on non-
renewable sources.

2.3.4 Transportation and Communication sector

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

0 Rationalize the consumption of oil products in the transporation
and communication scctors.

0 Renovate railroad lines and maintain bridges.



2.3.5 Housing and New Communitics

0 lImprove sanitation facilities in the country, particularly in urban
areas.

0 Reduce the population in urban areas through the establishment of new
communities In the desert, rural and coastal areas. Also, establish
residential areas around the major cities and non-cultivable land.

0 Provide adequate cuergy to new communitics. Carrentlv, only 50 percent
of rural houscholds Live acecss (o (he grid, leaving over 3 million
houscholds with no prid connected poweT.

0 Increasc supplivs of potalidle water for rural areas and new developments.

o Expand health, educationai, cultural and recreational facflities
In rural arcas; promote rural industries; and create employment
opportunitics in rural arcas.

2.3.6 Environment

0 Protect the environment from pollution emanating from industry, agriculture

and consumption.
2.3.7 Trade Balance

0 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

0 Increase employment in the countyry.

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

o Enhance Epypt's scilentific and technological resource base.
Exhibit 2.7 depicts the level of investment associated with the major

development arcas identified in the Five Year Plan,

2.4 Role for Renewables in the Five Year Plan
Renewable energy technolopies can contribute significantly to meeting

the objectives established for the current five year planning period and

beyond, 1in a number of ways.
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SECTOR

INDUSTRY

81-¢

SUPPORT
SERVICES
—~ELECTRICITY

—PETROLEUM

—COMMUNICATION

EXHIBIT 2.7

EVALUATION OF GOVERNMENT PRIORITIES BASED ON
PUBLIC SECTOR INVESTMENT TARGETS (1981-87)

INVESTMENT
RECIPIENT AGENCY (1000's of 1981/82 LE)

- FOOD INDUSTRY COMPANIES 7,575,000

— SPINNING & WEAVING &
CLOTHES CO.

- WOOD INDUSTRY CO.

— PAPER CO.

— CHEMICAL INDUST. SECTOR CO.

— CERAMIC, PORCELAIN & POTTERY
co.

- MINERAL INDUST. SECTOR CO.

— ELECTRONIC & ENGIN. INDUST.
SECTOR

— MINING SECTOR CO.

— ELEC. AUTHORITY & 5,421,200
DISTRIB. CO.

= ELEC. PROJECTS CO.

— TRANSFORMERS & ELEC PROD. CO.

— PETROLEUM PROD. CO. 3,415,800
— REFINERY & PETROL.
PROD. CO.
— DISTRIBUTION CO.
— TRANSPORT CO.

— NATIONAL AUTH. FOR COMM. 2,065,100
— NATIONAL AUTH. FOR POST
— TELEPHONE EQUIPMENT CQ.

INVESTMENT
% TOTAL

247

17

11
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ITI 5 BASED ON
JTS £1981-87)

EVALUATION OF COVERNMENT
PUBLIC SECTOR ['VESTET

INVESTMENT INVESTMENT

SECTOR RECIPIENT AGENCY (10006 e of 1981/82 LE) % TOTAL
HOUSING = NAT. AUTH, FOR SEWAGE 4,410,700 . 14

- HOUSING & CONSTRUC. CO.

—~ CONSTRUC. CO.

- CEMENRT CO.

= BUILDING MATERIALS CO.
RECONSTRUCTION = CONSTRUCTION CO. 3,294,500 10

= READY-MADE CLOTHES CO.
IRRIGATION - IRRIGATION CO. 1,882,300 6
LAND RECLAMATION - RECLAMATION COMPANIES 1,552,500 5

— AGRICULTURE COMPANIES
HEALTH - CHEMICAL & MEDICINE CO. 1,171,200 4

- MEDICINE TRADE CO.
AGRICULTURE - AGRICULTURAL COMPANIES 885,200 3

- ANIMAL PRODUCTION COMPANIES
- FISH PRODUCTION COMPANIES

31,673,500 100%



First, rencwable encrgy technologies can supply thermal enerpy (active/
passive solar, biomass, geothernal, municipal solid wiaste, solar ponds and solar
thermal), mechanical enerpy (wind), and electricity (biomass, gecthermal, municipal
solid waste, photovoltaics, solar ponds, solar thermal, and wind energy) for a
broad range of applications. For example, in the agriculture sector, renewable
technologies can provide enerpy for a number of priority areas identified {n the
Plan, including water pumping, irrigation, and desalination required for land
reclamation and cultivation:; food and crop drying; refrigeration; and general
electrical power requirements for increasing productivity in target agricultural
areas. In the {ndustrial sector, renewables can be used for electricity generation,
food processing, industrial processing, building heating and cooling, and steril-
fzation, among others. Furthermore, reocwables are particularly well suited to
supplying energy needs of the new communities and satellite villages being Jdeveloped
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,
sanitation, remote communications, cathodic protection, educational and health
tacilities, community centers, and gencral village power requircments.  Additionally,
in most cases, renewable technologies provide this power at lower costs than
competing alternatives such as diesel, butagas and kerosene.

Second, renewable technolopies make use of readily available and cost-free
solar and wind resources base in Egypt, and thereby can replace petroleum and
petroleum products 1o a number af apricultural, 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
i I

deficic.

o
l

o
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Third, renewable technolopics provide significant opportunities for local
emplovment through the manuracture, installation, operation and wiintenance
o!f thogse systems in the country.  This accommodates the Plan's objectives to promote
local industries, substitute locual products for export, increase employment op-
portunities in the urban and rural sectors, and expand the country's scilentifiec
and technological base.

Lastly, renewable technologies are generally pollution free, thus providing
@ reliable and stable energy source that satisfies Egypt's environmental
standards and requirements.

In summary, renewables can make a major contribution to the country's
development objectives and should be strongly considered and promoted by
GOE decision-makers.  The following chapters discuss in detail the most ap-
propriate renewable encrgy technology/application options based on the country's

characteristics and development plan objectives.
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3.0 APPLICATTONS CHARACTERIZATION
This section dfscusses the equipment used, the energy use profiles and
energy requirements for a number of applicatlons that could effectively utilize
renewable energy technologies. It also describes the extent to which these
applications are, or could be in use in Egypt. The applications described are
the following:
o Water pumping
- Irrigation
- Human water consumption
= Livestock water consumption
= Land reclamation and industrial applications
o Livestock operations
- Poultry
- Beefl Feedlot
~ Dairy farm
o Urban energy requirements
o Remote communications

o Cathodic protection

o Industrial/agricultural process heat

o]

Building climatization

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
desceribed in the Flve Year Nevelopment Plan. 1t excludes the applications

Included in the original eleven candidate field tests.

3:1 Mater Pumping Applications
Warer pumping applications include irrigation, livestock watering, human

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

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

by the seasonal variation In the waler requirements.
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3.1.1 Demand Characterization

3-1.1.1 1rrigation

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 application and water conveyance efficiencies, and
cropping practices. Exhikit 3.1 shouws the consumptive use water requirements
for a variety of crops grown in the Delta, Middle Egypt and Upper Egypt. The
variation in water use between repions is due to the factors mentioned above.
Water requirements for irrigation caa, and often do vary substantially from
month to month.  Exhibit 3.2 shows the unit water requirements in the Nile
vatley and Delta. Tt varies from a high of about 80 m3/day/hecturc {n the July
¢ September period to a low of abosut 30a3/day/hectare in January. The water
demand may not necessarily match renewable energy resource availability. That
is, months with higher insolatzion or wind speads may not coincide with high
water demand months.

Energy required for pumping is a function of pumping head, volume of
Jater supplied and irrigation method. Irrigation method is a major determinant
of energy needed for pumping due to the variations in the water application
etficiency and water pumping pressure needed for the various frripgation techni-
ques. Exhibit 3.3 shows water requirements, pumping head aad energy requirements
ftor irrigation in the New Lands Project. Water requirements are based on
climatic conditions as well as sclectead creps and croppiag patteras for each
area under cultivation.l Unit eneryy requirements range from 40 kWh/fd/year

(100 kWh/hectare) to 1,194 kWh/fd/year (3000 kiWh/hectare) for of f-farm pump ing

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

CONSUMPTIVE USE WATER REQUIRFMENTS 1IN EGYPT

Crop Cubic Meters/Fd. Net Cultivated Area
_Delta T TMtddle Egypt [ Upper Fgvrt_

Winter Crops
Wheat 1610 1990 2195
Bareley . 1610 1990 2195
Lentils 1505 1505 1620
Lupines 1505 1505 1620
Fenugreek 1505 1505 1620
Horsebeans 1280 1570 1830
Sugarbeets 1620 1935 2720
Tomatoes 1620 1625 1860
Fotatoes 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 s 1870 1870 2350
Soybeans 2230 2585 3090
Sun flower 1810 1915 2000
Sesame 1810 1915 2000
Toratues 1825 1880 2055
Potatoes 1825 1880 2055
Melons 1825 1880 2055
Creen corn 2430 2610 2800
Sweelt corn 2430 2610 2800
Cow peas 2430 2610 2800
Fodder sorghum 2430 2755 2755

Fruft Trees

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

Perennial Crops

Mapler grass 6610 7795 9910
Alfalfa 6610 7795 9910
Sugarcane 7170 7170 AL 9110

Assumptions: Net cultivated area is 8S% of gross area. For rainfed areas 200
mm of water depth is subtracted. Field application efticiencies are as follows:
70% for surface frrigation; 857 for sprinkler i{rrigation; and 952 for drip
irrigation. A 10T 1955 in the main conveyance gystem {6 assumed. For mixed
water systems; 101 {s added to the consumptive use values for leaching.

Sovrce: Ministry of Irrigation and U'NbP.  (1984). An Fconomlc Evaluatlion of

New Lands Projects in the Naticnal Five Year Plan, 1982/83 - 1986/87. Technizal
Report No. 24 UNDP-EGY/8!7073:.
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EXHIBIT 3.2,
UNIT WATER REQUIREMENTS IN THE NTLE VALLEY AND DELTA

Water Requirements per Month

Month EELE?ddQH ggfﬁpggggg m3/Day/Hectare
January 350 897 29
February : 503 1,290 46
March 507 1,300 42
April 508 1,302 43
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
Decembert 521 1,336 43
Annual B 203 %k,OBl

Modified from: U.S.G.S. (1979) Joint Egypt/U.S. Report on Egypt/U.S.
Cooperative Energy Assessment, Volume 2. DOE/IA-002/02
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LFrT e Exhibit 3.3
' ESTIMATED IRRIGATION WATER AND PUMPING ENERGY REQUIREMENTS FOR THE
NEW LANDS PROJECTS

EROSS TOTAL TOTAL  ENERGY UNIT ENERGY
IRRIGATED WATER  PUMPING HEAD (M) WATER REQUIREMENTS REQUIREMENTS
FROJECT NAME AREA puTY-- - REQUIFE. THOUSANDS FWH/YR FWH/FD/YR

FEDDANS 3/FDIYR OFF-FARN OK-FARM MILL.M3/YR. OFF-FARM ON-FARM  DFF-FARM ON-FARN

WEST NUBARIA 15 50 110 13,500 17,985
NEW RREAS 45 40 188 23,055 20,443
WOOG COMPANY 15 50 1 1,350 1,800
VEGETABLE FARN EXTENSIDX 45 2 12 1,470 65
SFECIALIZED FARM EXTENSION 15 50 9 1,108 1,472
NITHIN SUGAR BEETS 15 40 9 1,350 1,200
EAST BITTER LAYE g 50 i 434 3,270
ADLIA 55 80 70 10,450 11,445
HARSHDA ? ] 104 7,535 17,004
ABO-KHADY L FALARSHO [ 2 161 2,616
SAFF, GHAMMAIA & ATFEEH 3 &) 100 7,646
BALTEEN L YEASHAA b 2 5 918
BORCLLOS DRYix6 B 2 7 1,585
YOUTH PROVINCE 50 [ a7 14,715
GHARRAET SHOEB 5 2 5
HAFEER EITENSION 2 2 25
RANSIS COMFANY 30 (1 15 3
NEN KIT ABOUL-YOUM 8 &0 a
EL FHATTARA 14 &0 3
VHASEET VALLEY o 2 3z
ARAK] & EAST QUDSS 20 AL &
SENITARY DRAINAEE EAST £ 40 2
ISHALIA CANAL RIENT EANX 5 40 S
HKOSSEIKEYA SOUTH 7 2 442
HOSSEINEYA NORTH 7 2 5 5
5. FORT SAiD PLAIN 7 ? 4
SOUTH CF PORT SAlD 7 2 3

T SALKIA DESERT 14 &0 i

1 CAIRD-ISHALIA RORD 5 40 1

w EL MANAYEF 8 40 3 2
EIBET EL BORG 2 2 4
AL-EOSTAN 5 50 210 3 31,811
BARSEEQUE b 2 218
WEST OF SUEZ 10 50 o4 1, 8,829
RATARIA & 2 &4 343
SENITARY DRAINAGE W.C. [ Af 5 3,379
EAST BAMR WAHBY 15 40 27 1,104 2,415
SOUTH QUARDUN ; g 40 47 516 6,867
KEST BERI-SUEF 5,000 5,400 20 0 27 1,422 4,415
KEST GEREBA 5,000 5,400 2 &0 27 1,524 8,578
EAST ASSUIT 5,000 5,400 20 60 27 1,477 1,415
EAST AWALAD TOUQUE 10,000 6,480 0 £0 65 5,343 10,628
EL-SAAYDA YALLEY 15,000 5,740 15 2 13! 17,503 755
IF L PEC, SUGAR EEETS 48,000 -~ 7,300 25 2 350 43,041 1,913
IF & REC. SPECIALIIED 8,000 7,300 15 7 5§ 7,112 315
REC. SCATTERED APEAS- N. COAST 10,400 2,000 5 40 3l 5,056 3,706
EL-AREESH 1,000 3,800 50 40 ¢ 545 435
FARIS, YHARGA L DEYHLA 1,500 8,750 5 2 13 1,771 71
EL IRYYAT 500 8,750 5 2 5 : 7
FARFRA L AEG-NENKEF 1,200 4,580 0 40 5 1,03 872
TL LAQUITA VALLEY 500 4,550 5 40 2 327
SENNENEYA & CMDONEOL 2,000 7,300 2 2 15 83 33
T0TAL 536,370 6,11 P 33
RANGE

-MAYIRUR 50,000 8,760 55 &0 1,194 1,145
-NININUN 500 3,000 2 e 45 4

ASSURPTIONS @ For the three Delta regions (East, Middle & Bect) and the Middls toypt reg
i ratz2, water duties for fresh aster grrigstion are “surface irrigaticn, 7300
\ c 200 feubic scters/feddantyeari. Far Acsont pper Eqvpt and New Talley the
- biy due 1o climatic conditions. Ehen drainaje maler, ai:ed drainage or csanitary
) e er, »aber duly is increased %, 191, In rain-ied éreas, E00O cubic melers/ied

dulies. Dynamic heads requiced for trrigalion are a: folioms < surface trrigalion, Za; driz, 40r:
ier, tia,

HIXISTRY OF ISRIGATION % UNZP. 119331, AN EEEEQ!I;_E?RLUETIDW OF NEd LANDS FROJECTS IN THE




to 44 kWh/fd/year to 1,140 kWh/fd/year for on-farm pumping. On-farm pumping
head 1s primarily determined by the type of irrigation method used. Off-farm
pumping head is determined principallv by the head difference between the water
source and demand points. Total annual {rrigation energy requirements for New
Lands Projects is 491,000 MWh. The energy requirements are approximately
equivalent to the energy output from a 100 MW baseload power plant.

The New Lands Project data has been reported only to {ndicate water and
energy requirements; it is unlikely that these lands will be sultable for thi
renewable energy pumping systems since power for irrigating the New Lands
Project areas will be supplied by the unified grid.

3.1.1.2 Livestock Watering

Livestock water requirements are easier to compute than irrigation water
requirements. The volume of water required is simply the product of water
consumed per .ead multiplied by the number of animals. Typlcal water requirements
for livestock are shown in Exhibit 3.4. During the summer months, when
temperature is highest and the fodder s driest, the water requirements could
be greater. TFor 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 overgrazing in the locality of the water hole, each
water point should not serve more than 500 cattle or about 2000 sheep or goats.
Average annual water requirements for cattle, dairy cattle, sheep and goats are
shown 1in Exhibit 3.5.

The Water Master Plan assumes that a stereotyplcal 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
cublc 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



EXHTBIT 3.4

TYPICAL WATER REQUIREMENTS

Water Requirements

Animal _ Liters/bay
Horse 50

Dairy Cattle 40

Cattle 20

Pig 20

Sheep 5

Goat 5

Poultry - 0.1

EXHIBIT 3.5

ANNUAL WATER REQUIREMENTS 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 MT 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
avallability. A World Health Organization (WHO) survey in 1970 showed that water
consumption in developing countrivs averaged about 35 to 90 liters/day/person.
In conrrast, urban areas in Ezypt consume about 180-200 liters/person/day for
domestic uses. Water consumption for all uses in desert Industrial cities are

expected to be about 1000 liters/person/day. The Five Year Development Plan

expects to provide 150 liters/person/day of water in rural arecas.

3:1.1.4 Land Reclamation and Industrial Application
These applications are hoth site and applicatien specific. 1In 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/sccond.  The pumping power requirements are about 0.14 kW/fid

(0.36 kW/hectare). The World Bank project uses 14 pumps to drain 600,000 feddans.

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

land area to be drained ultimately is estimated to be about 2.8 million feddans.
Water pumpling for an industrial application would occur if the plant does

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

water requirement for industry in Sadat City is expected to be about 100 liters/day/

person, for a total daily consum;tion of 100,000 m3/day.

3-1.1.5 Energy Requirements for Pumping

Energy requirements for witer pumping is a function of quantity of water
pumped, pumping head and puamping ef{ficiency.

Energy supplied to the pump 1s given by:

E= Vh kWh
366e



Where e = Efficiency of the pumpling system
E = Energy requived ia hyh
h = Hydraulic head in meters
V = Volume of water pumped in cubic meters

Exhibit 3.6 shows the relatfonship between quantity of water pumped ,
pumping head, and ecnergy requirements.

For exanmple, it shows that 500 cattle which need 3650 cubic meters of
water per year (line A on graph), requires about 2000 kWh of pumping energy

he pumping head is 100 meters. This energy

(line B on graph) annually when t
can be supplied by a PV array of about 11.4 sq. meters, a 1.6 kW wind turbine,

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

3.1.2 Need in Egypt2

Currently 6.3 million feddans 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. 1In the long-term,
an additfional 5.5 million feddans can be cultivated, of which 3.5 million border
the Delta, 50,000 are west of the Delta, and 1 million feddans are 1n the
oases. Lands which can be {rrigated through raising the Nile water (maximum 8 m)
1s about 4.9 million feddans. Specifically, the area targeted for agriculture

development {n the Five Year Development Plan are as follows:

2 gources:. State Information Service, (1983) Agriculture in the Arab Republic
of Egypt, Ministry of Information.

The American University, (1983) Epypt: 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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Assumptions

1. PV array size is based on the output from a 72 wattp ARCO Solar PV module
sited at Wadi El Ruwayan, in the worst energy output month (November)

N

+ Wind generators power output is based on the energy output characteristics
of a Jry Carter Model 25 wind turbine (30 kW) located at Hurghada in the
worst energy output month (November)

3. Number of cows needed for blopgas production is based on 400 kWh equivalent
of energy being produced aniually by one cow (or equivalent)

4. Pump efficlency 1s 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

RELATIONSHIP BETWEEN WATER REQUIREMENTS, PUMPING HEAD,
ENERGY REQUIREMENTS, AND PV, WIND AND BIOGAS
GENERATOR REQUIREMENTS
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o The North Western Coast:
This coast extends 500 kmi, from the eity of Alexandria to the town of
Sallum. 15,000 1ddans have already been reclaimed (Maryut Extension
Preject). Potentislly arable arca is estimated at about one million
feddans.

o Sinai:
The most fertlle portion of the Sinai are In the Al-Arish valley to the
east. The Sinal has 15 willion feddans of land which needs to b
studied extensively to detevnine its suitability for agriculture
production.

o The Red Sea:
An area estimated av 285,000 1eddans, on the shores of the High bam
lake may be cultivated thruangh basin Irrigation. Another area estimated
at 264,000 feddans wmay boe reclaimed through perennial irripation.

0 West Nases (The New Valley):
The cultivable arca is estimated at about 3 million feddans.

0 Northern Lakes

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

Currently, nearly all the available land 1s under perennial irrigation and
double cropping. Therefore the need for mechanical pumping (both high and low
head) 1is high.

The total energy consumed for all irrigation (including drainage) in Egvpt
in 1978 was approximately 1.9 billion kWh, with a modest growth to 2.3 billion
kWh by 1985. TIrrigation water sources can be subdivided into three catepories:
1) pumping from primary and secondiary canals, 2) pumping from tertiarv canals
and 3) pumping from isolated wells or regional reservoirs. The flrst two are,
of course, confined to the Nile Valley and Delta.

Total of f~-farm and on~farm annual irrigation energy requirements 1in the
New Lands Project is expected to be 226 and 265 x 100 kuh respectively (See Exhibit

3.3 for energy requirements detalls).
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Off-farm pumping, such as punping from primary and secondary canals, is
a major responsibllity of the Ministry of Irrigatifon. There are between 1,000
and 1,200 pumping statiors vith o total capacity of 700,000 horscpower. Ahout
95 percent of the pumping statisns were electrified with an annual consumpt fon
of 600 mlllion kWh.

Pumping frow tertiary and small channels (on-farm) is in private hands
using animal drawn pumps and snzli dicsel and electric pumps (approximately
10-20 ®p). There woere about &2 900 swall pumps used for irvigation in the Nile
Valley and Delta; most were diescl. About 100,000 tonnes of diesel fuel are
estimated to be consumed annuallyv. The Minlstry of Irrigation is encouraging
the private sector to shift from diesel to electric pumping. In work done by
Louis Berger, International, lnc., the tertiary pumping electrification of
middle and upper FEgypt was scen to require 28,475 low 1ift pumps and 835 high
1ift pumps. This 1s part of the Fgyptian Government's plans to eliminate
gravity irrigation by lowering canal witer levels and thus redressing the twin
problems of rising ground water levels and increasing soll salinity,

Pumping from {solated wells and regional reservoirs is found throughout
Egypt, generally outside the Nile Valley and Delta and particulariy on the
Mediterranean Coast west of Alexandria.

In the Western Desert, there is significant potential for increasing
agricultural land. Currently 45,000 feddans are under cultivation. By the
year 2025, 500,000 feddans could be cultivated. Wator requlrements would
increase from 358 million cubic meters per year to 1280 million cubic meters.
Water pumping energy requiremeats would increase from an averapge of 7 wh/w3 to
300 wh/m3 due to drawdown, since less accessible water would have to be used.
Total annual energy requirements would increase from 2.5 million kWh to 384

million kWh.


http:iumpi.ng

The irrigation development projects in experimental farms in Giza, Kafr
Al-Sheikh, Al-Minya, Watli A1-Natrun and Inshas mav be appropriate for conducting
renewable cnergy field tests for ireigation applications.

The Five Year bevelopment Plan aims at developing the water supply and
sanitary sewage utilities throupghout the country. The plan calls for expanding
the capacity of existing water stations to meet increasing demand and also
increase storage capacitics to mect peak demands. The plan expects to increasec
per capita consumption of water in rural areas to 150 liters per day.

The Five Year Development Plan expects to develop the Western Desert and
other areas outside the Delta and Hile Valley. Many of these outlying villages
would require water for human and animal consumption and for irrigation. By
the year 2000, 6.4 million houschnlds are expected to be in rural areas. At a
per capita water consumption of 150 liters/day, annual water requirements in
rural areas for human consumption alone will be about 17.5 billion cubic meters.
Energy required to pump this quantity of water would be about nearly 250,000
MWh (assuming 25m heal and 50% ﬁump efficiency) which is equivalent to a S 'y
base load power plant.

The livestock industry, partlicularly, cattle, dairy and poultry, are
important industries in Egvpt. The Tivestock and poultry operations are poten-
tial markets for renewnble energyv pumping syvstems, particularly the biogas

based systems due to this ready avallability of manure.

3.2 Livestock Operations

3.2.1 Demand Characterization

Livestock operations characterized are poultry (brollers [chicken meat],
and egg production), dalry farm and a beef feed-lot. These are three important
livestock operations in Egypt. For the purpose of estimating electrical

energy use in livestock operatlions, typical activities are prouped under several
¥ P
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general categories:.
0 Sheltering
- ventilation, hcating or cooling
- lighting
~ waste disposal

o Feeding

- solid food
-~ water

o Product Handling

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

The following sections will 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 humidity. Thus, the energy requirements are animal
and site specific. For the purpose of this study, applications such as air
conditioning units, ventilation f{ans, or electric brooder lamps ({f used) are
considered.

Energy used for lightling denends on the types of animal and on the
availability of natural light, th. latter beling a function of building design.

Waste disposal techntques, too, depend on the type of animal and the shelter
design. Tractors or human labor could be 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 elther tractors or automated conveying systems.



Water requirements for livestock also depend on the factors described

above. Mechanization generally consists of a water pumping system.

3.2.1.3 Product Hardling

This includes egp handline, grading, and cooling for a poultry operation,
or milking parlor operation in the case of a dairy.

The BDM Corporation in a studv® of photovoltaiz use in U.S. agriculture
identified the energy required ior virious livestock operations.

Energy estimates were obtained for each of the above operations. This data
was used to calculate the electrical ehergy requirements per unit
of product, and 1is shown in Exhitit 3.7. For the stereotyplcal dairy herd
deseribed previously, total elc.(rical energy requlrements are about 160 MWh/year
(1248 MT of milk* 120 kWh/MT/year + 185.58 MT of meat* 40 kiWh/year).

The poultry Industry is a highly developed industry in Egypt. The General
Poultry Company (GPC) is responsible for all government sector poultry operations.
The private sector also plays a very active role in both egg and chicken meat
production. The following poultry operation characterizations are based on
discussions with Dr. Ezzat Abdel Hamid, General Manager, Cencerail Poultry Company.

0 All GPC brofler and liver cperations are fully automated. They use
both open and closed wventilation systems.  Automatic operations
Include feeding, waterine, ventthation, manure collection (for lavers),
egg collection and ey yrading.

o Each brofler house contvins 12,000 to 15,600 birds and each farm
contains about 8 to 12 Louscs. The GPC broiler operations produce 30
million broilers per venr. The private scector broiler houses are
smaller, they contalu aboit 9,000 birds per house.  However, the
private sector produces atout 120 million broilers per year. Based
on data in Fxhibit 3.7 anmial electrical energy requirements for a

GPC broller tarm is about 146 Miwh, (assuming a 2 month growth cycle,
and a 2 kg of chicken meat vield/bird).

3 Mengel, R.W. et.al. Photovoltraic Applications ‘Definition and Photovoltaic

System Definition Study in.phu Agrjcultural Sector._}}nal ReporfJ_Volumq_lll.
SAND 79-7018, August 1978.
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OPERATION

Beel feed-lot
Dairy Operation

Eggs Production

9r-f

Broilers

EXHIBIT 3.7

ELECTRICAL ENERGY REQUIREMENS FOR LIVESTOCK OPERATLIONS

TOTAL ANNAUTL ELECTRICAL ENERGY REQUIREMENTS IN ALBAMA, USA
KWH
40/MT of Meat
120/MT of Milk
10.5/1000 eggs
2.4/1aver

90/MT of Meat

Source: Mengel, R.W., O0.H. Merrill, et al (1978) op. ct.
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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 typlical private sector layer house has 2,000 to 3,000 birds.
Based on data in Exhibit 3.7, annual electrical energy requirements
for a GPC layer farm is about 96 MWh annually.

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.

Broilers are kept on concrete floors iined 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.

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.

All farms are in electrified areas. However, since a reliable power
supply is essential due to the ventilation, feeding and other wcritical
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 wus 5.5

million.

Private sector poultry faims totalled 4491 in 1981/82. Average

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

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

million MT by 1986/87. At 2.6 MI/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 cow., about 2,000 milk parlors would be required
to supply the 2.5 million tons ot wmilk. These mllk parlors could be supplied
with electricity generated usine reuncwable energy technologies.

The planned development o the Western Desert and other outlying areas will
undoubtedly result ia livestock production operations being developed in these
areas. Renewable energy power sources could prove to be feasible power sources

for operations in these areas.

3.3 LUrban Energy Requirements
3.3.1 Demand Characterization
Urban energy requirements are cons iderably 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, {t 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
millinn persons. The Five Year Development Plan envisages developing cities in
the Wester Desert, Sinal and Red Sea arca as a means of easing population
pressures on existing cities. The f{ncreased urban population and the new cities
will require substantial amounts of electricity and other forms of energy.

This demand could be partly satisfied using rencwable energy technology.

i

3.4 Remote Communications

3.4.1 Demand Characteristics

The applications include: wmicrowave repcater stations, telephone and



EXHIBIT 3.8

ANNUAL URBAN ENERGY REQUIREMENTS

Demand Sector 100,000 Person City 300,000 Person City
Residential

- Electricity (Mwh) 45,800 228,900

- Butagas (MT) 3,600 18,000

- Kerosene (mj) 800 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

demaxld) ST oI oTImIE= L= TE ST ==

Derived from data in Egypt/DOE (1979), op. cit. Based on expected demand in
the year 2000.
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television repeater stations, television translators, satellite ground statisns,
radio-telephone interlink units, radio transreceivers and telemetering systoems.
Fiber optic-based repeater stations are well suited for renewable energy tech-
nolegy power sources.  They offer increased voice and data transmission capability
and lower power requirements. 1In many instances, communication systems are
located in remote Inaccessible sitoes (e.g., mountain tops) where the depondanaiity
and maintenance-free characteristics 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 kilometer. Land mobile repeaters, unlike microwave
systems, only transmit when remotely keyved.  Since they are in a stand-by mode most
of the time, they use just a fraction of the transmit power drain. A 120 wh/
day system is sufficfent for wmost 10V (RF power) repeaters and even some 25W
repeaters, depending on the duty cvele. A 480 wh/day system can power a 90y
repeater with a 10 percent duty cycle. A 1-2 kW system can power a continuous
duty transmitter such as a VHF or UHF 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 request for quotatlons for elght 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. Detalls 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® for replacement and renovation of existing systems;

4 Uss 1.00=L.E. 1.25
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Exhibit 3.9

PHOTOVOLTAIC POWERED REMOTE COMMUNICATION SYSTEMS TO BE
INSTALLED IN EGYPT

DATILY DEMAND PV Array Peak Power*
SYSTEM (Location) ' ENERGY (kWh) POWER (kW) i kWp
5 Microwave Repeater Stations 3.6 0.150 1.22
(25.75°N, 36.5°E; 25.38°N, 34.7°E;
25.00°N, 34.92°E; 24.58°N, 35.16°E)
TV Transmission Station at UM ¥1 14.4 0.800 1.06
Huwaitat (26.32°N, 33.66°E)
TV Transmission Station at West 14.4 0.600 5.53
1 (27.85°N, 31.23°E)
TV Transmlission Station at West 14.4 0.600 5.58

2 (26.55°N, 31.5°E)

Battery Storage
AH, V

525,48

1800,48

1500, 48

* Includes 20% reserve power -



L.E. 1,724 million for completion and expansion of communication networks; and

L.E. 144 million for new installations. Total fised investment fn communications
is expected to be L.E. 720 million. 1t is anticipated that pars of these funds
would be utilized in expanding th. communication network to cover a larger area

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

tnstallation of the type discusced in Section 3.4.1.

3.5 Cathodic Protection
3.5.1 Demand Characterization

Renewable vnergy technologies can be a source of electric power for cathodic
protection of pipelines, well-casings, storage, bridges, pilers, docks and locks,
ship hulls, and of fshore metallic structures. The power source must supply a
low voltage DC current between the metallic structure (cathode) and a passive
electrode (anode). The electric currenr preveants oxidation reactions at the
surface of the metal structure, thereby 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 can range from ! mA/m? to
over 100 mA/m? 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 impressed current
systems perform satisfactorily c¢lose to shore on submarine pipelines, buat
further out to sca, these protection systems are not very effective. Therefore,
in the future, they plan to use sacrificial anodes instead of impressed current
cathodic protection systems for their submarine pipelines. Onshore GPC storape
tanks use epoxy coatings to providz 70 percent of this required protection.

The remaining corrosion protection 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 lonyg,
protected using {mpressed current systems. Power for protecting the pipelines,
storage tanks, aund well casings are supplied by the grid or by diesel generators
or gas turblnes that also supply power to the petroleum pumps and other
facilities at the well sites. Since most of thelr equipment that requires
protection are within a short divtance from the pgrid or the Gpe power penerators,
they do not forsee a major need tor alternative power sources for cathodic
protection.

The Petroleum Transportation and Distribution Company may have a greater
need for alternative energy power sources for cathodic protection {f thelr
pipelines are underground, since these pipelines cover longer distances in
non-electrified arcas. Petroleun transportation using plpelines {s expected to
play an increasingly dominant role in product distribution. In 1981/82, scven
percent more crude oil and its products, six percent more natural gas, and ten
percent more butagas was transported by pipeline compared to the previous year.

If some of the pipelines described below are underground, they could be
protected by renewahla energy technology—-powered cathodic protection devices.

0 Sumied pipeline which was built to serve the international market. It
transports oil from the Red Sea to the Mediterranean.

o The pipeline network between Sucz and Cairo and between those clities
and Alexandria and the Delta reglon.

o The pipeline network that links the Abou Madi field with the fertilizer
and power plant {n Talklia, and the weaving and textile factories at
El-Mahalla El-Kubra.

o0 The plpeline network connecting the Aboul Gharadeek field and the iron,
steel and cement factories in Helwan, and its extension to Sucz.

0 The pipeline connecting the Abu Clir gas field with Uric fertilizer
plants and the two electric power plants in Damanhour and Kaf Fl-Dawar.



The Five Year Development Plan expects the annual output of the public sector
petroleum trausportation and distributlon companies to Increase 17.5 percent
and 11.5 percent, respectivelv. Anv new pipeline networks that are required to
support the production from those conpanies will also be candidates for cathodic

protection systems.

3.6 Agricultural and Industrial Process Heat

In the followlug sectlon, the [lve Egyptian agricultural and industrial
processing industry candidates for application of renewable energy technology
for low temperature steam applications are characterized. They are: food
canning, hydrogenated oll, soap minufacture, pharmaceuticals, and beverages.
Their sultability 1s based on two sencral criterias a) they have a high require-
ment for moderate temperature thermal eénergy and, b) they are strategic and high
growth industries.

The Egyptian Electrical Authority (EEA), has estimated medium temperature
energy demand (<450°C) for the industrial sector - demand including existing
facilities and those currently under construction - for 1981 to be 1.159 x 106
Tonnes of oil. This energy demand was projected to rise to 2.273 x 100 Tonnes
by 1986 and 4.664 x 10 Tonnes by 200G.°% Solar energy potential Iin meetling the
1981 energy demand was assessed to b $.309 x 100 Tonnes, or approximately 727
of the load. Additionally, the food industry in 1980/81 consumed approximately
85% less energy than did the small chemical Industry sector (85,000 tonnes of
oll compared to 530,000 tonnes in the chemfcal industry).5 Thus, dve to 1its
relatively high energy demand, the chemical productlion sector would seem to
have higher priority in the application of renewable energy. Thus, there 1s an

enormous potential for the application of renewable energy in the industrial

5 Hegazi, A. (1984) Solar Energy Technologles and Thelr 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 vartations to
the process, but there is a basic sequence which 1s common to the canning of all
products (see Exhibit 3.10). The stenps requlriag thermal energy are blanching,
cooking, brine or syrup additlon (packing medium) and retorting or can seallng.
Saturated, low pressure steam (15 psig) fs used to provide the heat in all three
steps. The temperature range is from 71°C (brining) to 127°C (sealing). ©

An average tool process steam requirenent for canned corn Is 4.5 kg/hr per
case (24 cans). However, the peal load Is significantly higher at approximately
4,550 kg/hr (9.96 GJ/hr). This is because the sterilization, or retorting process,
is a quick process requliring 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 its 1982 level (See Exhibit 3.11)7. The combined fruit
and vegetable production level shonld show a 127 increase over this same period.
The thermal energy energy consumption for the canning industry in Egypt is expected
to increase to 1.68 x 1013 per annum reflectling the above figures.8 A typical
Egyptian cannery producing 720 cascs per hour (24 12-cunce cans per case) has a

base load demand of 8 GJ/hr of therm) enerpgy, or 3270 ke of steam per hour
YA & P

6 Desrosuv, N. (1977) Elemeants of Food Technology. Avl 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 SI1ZE PLANT CANNING PROCESS
AND THERMAL ENERGY FLOW CHART
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Exhibit 3,11

THERMAL ENERGY LOAD
FOR THE EGYPTIAN FOOD CANNING INDUSTRY

1981/82 1986/87
Producfion Level 12 13.4
(10 oTonnes)
Thermal Energy Load 0.147 0.168
(1&'5J)
Percent increase ———— 12



(.994 MJ/1b steam). Because canneries use low pressure (15 psig) steam, they
are an appropriate application for solar energy technologles.
3.6.2 Hydrogenated 01l

3.6.2.1 Demand Characteg}zation

Hydrogenated oils, used in miny food processing industries, are one of
the ten largesc alimentary operations in Egypt, on a production level basis.
Hydrogenating, or upgrading, of animal and vegetable ofls, 1s a multi-step
process (see Exhibits 3.12 and . !3%) which Involves bleachling, vacuun drylng,
hydrogenating, deodorizing and paciiime. The entire process, however, s called
hydrogenation. It 1s a contlinuous process with the operation being a function
of the oil type feedstock Intended for tpgrading.

Approximately 50% of the thermal energy used In this process is used for
vacuum drying the stock before it ecaters the hydrogenerator. The remainder is
needed tor saturated steam which I used In a water shift reaction to produce
the needed hydrogenating agent Hoo The vacuum dryers are ralsed to temperatures
between 200° and 250°C.9 An Egyptian hydrogenation oil plant consumes 5 x 1010
J per annum of thermal energy (937 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/lir or 98550 Tonnes/yr) has a 70 GJ/Hr heat flux
load.

3.6.2.2 Need in Egypt

Hydrogenated oills are a major ingredient in many food processes and are
also highly used in home food prepararion. Since vegetable and animal olls are
foodstuffs, their production and consumption are obviously a funcrion of

population. The 1982 production was 1.42 x 105 Tonnes.l9 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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PROCESS TLOW DTAGRAM FOR VEGETABLE
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Exhibi4 3,13

THERMAL ENERGY |NPUTS
FOR EDIBLE OIL HYDROGENATION
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year plan projects production to grow to 2.5 x 10 Tonnes/yr in 1987. Exhiblt
3.14 gives the projected thermil covrgy consumption plans for the industry
based on Egyptian government estimites and assuming a constant industry energy
efficiency during the 1982-1987 period.

During this period the Eyrptians not only hope to increase production to
keep pace with predicted population growth, but also expect to decrease
hydrogenated ofl inmports bv 250%. The moderate temperature, high heat requirement
for hydrogenation suggests a potentlally successful application of solar thermal
technology.

3.6.3 Soap Manufacture

3.6.3.1 Demand Charactegi;qgion

Soap making Is an age-old process whose basic manufacturing process has
evolved over thousands of years. The overall commerclal process 1s based on a
seed chemical reaction: combining pglvceryl 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 sodp walking process variation is encountered. The
batch or Twitchell process, such as {s used in Fgypt, consists of several steps
(see Exhibit 3.15). The steam Intensive step 1s the formation of the
saponiiication charge. Live steam s introduced into the base of a boiling
kettle to heat and agitate the oils. Once the mixture is boliling, the caustic
soda is added, and the soap 1s formed.ll The boiling of a one Tonne kettle
requires 3.3 GJ/hr for a 12 hour period. For this process saturated, 100°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/hrlz, 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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Exhitit 3.14

HYDROCERATTD OIL INDUSTRY THERMAL
ENCRGY CONSUMPTION IN EGYPT

1962 1986
Production Level 142 250
(10° metrictonnes)
Thermal Energy Consumption 0.74 1.31
(1015 4
Percent Growth — 76%
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PROCLSS FLOW DIAGCRAM FOR
KETTLE SOAP MANUFACTURE WITH
THERMAL  ENERGY REQUIREMENTS
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the total requirement. A typlecal 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 Egypt

Currently Egypt consumes 2.21 x 100 GJ/yr in the manufacture of hand and
laundry soap with laundry soap ucing 90% of that total. According to the
1982-87 five year economic plan for Fgvpt, the domestic soap production 1s
projected to increase 267 to 340,000 Tonnes per year by 1987 (see Exhibit 3.16).
Since there is no expected change in the process englineering, i.e., upgrading
of facilities to more energy etflcient, expensive, continuons units; the energy
consumption should increase by the same factor as production. Hence, it is
expected the total annual steanm energy requirement for the Egyptian soap

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

3.6.4 Pharmaceuticals

Pharmaceuticals 1s a general descriptor for a wide variety of products
which, consequently, have a number of manufacturing processes assoclated with
them. For example, the manufacturing of ascorbic acld, vitamin C, 1s a relatively
simple four step process which 1s fnitlated with a glucose feedstock. Conversely,
the penicillin process is quite cowplex {invelving precise control of culture
propagation, fermentation, and precipltation, with each subprocess composed of
many steps (See Exhibit 3.17).

We have chosen to characterize the salicylic acid, aspirin process.
Aspirin manufacture 1s a multi-step process which requires substantial process
steam (see Exhibit 3.18).14 The production of salicyllic acid requires four

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

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

14 Shreve, N. op. cit.
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Exhibit 3.16

EGYPTIAN SOAP PRODUCTION AND ENERGY CONSUMPTION

1982 1986
Production level 2.7 3.4
(10 5Tonnes)
Thermal energy consumption 0.63 0.79
(1015 )
Percent growth ——— 26%
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Exhibit 3,18

PROCESS FLOW DIAGRAM FOR
ASPIRIN MANUFACTURE WITH
THERMAL ENERGY REQUIREMENTS

ON43 6MG Y h ="

120500

phenol/caustic
mixing

aUtoc lave

water

mixing

\E

filtering

N

precipitation

NP

centrifuging

N

0.436 GJ/hr e——x|
1300C

vacuum
drying

packing

3-37

production rate:
150 Kg/day

—— steam—p hot air




sulfuric acid, carbon dioxide, ziuc and zinc sulfate.

A plant producing 1,820 ky of aspirin per dav (152 kg/hr for a 12 hour
day) requires 4,550 lbs of process steam. Thus the aspirin manufacture
thermal energy requirement is 2.9 by steam per ki of aspirin. The saturated
steam temperature for the process {s approximately 130° thus, the thermal energy
requirem nt is 2.62 MJ per ky of aspirin produced. Therefore, the afurmentioned
plant has a thermal energy load oi 0.873 GI/hr.

The GOE Five Year Economic Plan projects a 117% increase (1.56 x 105
Tonnes to 3.40 % 10° Tonnes) In domestic productions of medicines between
1982/83 and 1986/87.15 Thig represents one of the largest production sector
Increases over the period. Assaming:

1) all pharmaceutical procosses consume approximately the same thermal
energy as aspirin manu'acture

2) a 9 month, 12-hr/day anaual productlon schedule

3) there will be no changes in process energy requirements (per unit
basis) for the periad.

The total Egypt thermal enerey load used in the manufacture of
pharmaceuticals for 1981/82 was 0.95 x 10157, This then should increase to

2.06 x 10157 in 1986/87 (see Exhiblit 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 wmalted beverage industrics. The malted beverage, or beer, process is
wore energy intensive than soft drink making due to the added heat needed ror
fermentation. Secondly, the only process steam requirement for the soft drink

process 1s 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
PHARMACEUTICAL INDUSTRY IN EGYPT

1981/82 1986/87
Production Level 1.56 3,40
(10 5 metric tonnes)
Thermal Energy 0.95 2.06
Consumpticn (i¢ 15J)
Percent Growth 117



retorting process (See 3.6.1). Thus, we have opted to characterize the beor

making process.

Beer and malted beverages are non-distilled spl.i:s made from a variety
of grains and flavoring hops. The commercial process i juite sophisticated
although the basic steps are quite gluple. Cotncident:ltv, the process was

developed by the ancient Egyptians over 3,000 years ago. The four baslc
processes, malting (bolling), brewlag (hops mixing), fermenting and storage,

can be distingufshed by their dliferent process temperatures (Sce Exhibit 3.20).
Malting requires bolling temperatares and, therefore, the most intense heat in
the process. Hops mixing is done ar 757C, fermenting and storage at 7° and 0°C
respectively. For quality brewiny, consistent temperature maintenance is very
lmportant. Thus, temperature control {s crucial In the energy flow for beer
making.

The process requires 4.4 MJ per liter of beer produced.l6 Egypt's annual
production is approximately 28,600,000 1{ters per annum.l’ Assuming a 9 month,
24 hour per day plant operating schedule, the Egyptian Pyramid Beer Company
produces 20,000 liters per hour and therefore vequires 90 GJ per hour in power
and heat. Sixty percent of the caergy used by commercial brewerles is used for
heat, thus the heat flux for the Puramid plant is approximately 54 GJ/hr. The

-1/
annual energy consumption is 1.25 x 10l4 dlyr.

3.6.5.2 Need in Egypt

The brewing process is well-sulted for the application of solar thermal
technology. The temperatures 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.

3-40


http:annum.17

Exhibit 3.20

PROCESS FLOW DIAGRAM OF BEER
PRODUCTION WITH THERMAL
ENERGY KEQUIREMENTS
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The malt beverage market 1in most societies is qulte large and Egypt is
no different. The Egyptian government predicts a 287 increase in productlon
between 1982 and 1987 (Se= Exhibit 3.21), thus, the industry's annual energy

consumption should rise commensurate tao 1.6 % 10LJ.

3.7 Building Climatization
3.7.1 Demand Characterization

Building climatization encompasses a broad range of residential and
commercial bullding energy requirements, including heating, cooling and lighting.

Egyptian commercial and residential buildings are generally similar
in terms of construction techniques. Urban bulldings often consist of low-
rise, multi-story structures of thisk masonry wall or, more recently, of cement,
steel and cement block construction. Today, almost 51l new constructlon is
made of cement and steel. 1In the rural areas, old style traditlonal masonry
construction is more common, buc here, too, cement and steel constructlon
technology 1s gaining rapidly.

Heating needs in Egypt are small. Amblent temperatue in Cairo falls
below 18°C . only 4 months in winter. The coldest month of the year 1is
January -~ . a monthly average temperature; of 13.2°C. Alexandria exhibits a
similar winter with a January meau temperature of 13.5°C. The city of Aswan in
upper Egypt has a much warmer winter with the heating secason occurring in
January when the average temperature stays around 16.8°C.

Cooling requirements vary substantially throughout Egypt. Using a
temperature of 25°C as the reference cooling temperature, the cooling season is
three months long in Cairo and Alexzandira. In Aswan the cooling load is much
higher due to its distance from the sea; the coollng season extends over 7
months per year. Exhibit 3.22 presents selected climatic data for all threec

cities and derives their heating and cooling loads. Appendix B contalins the

)
2
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Production Level
(10 6IiTers)

Thermal Energy
(10 15y

Percent Increase

Exbibit 2,21

THERMAL ENCRGY LOAD OF THE
BEVERAGE INDUSTRY IN EGYPT

1081/867 1986/87
2.86 3,66
0.125 0.160

- 28
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CLIMATE AND HEATING/COOLING LLOADS FOR 3 CITIES

Annual Mean Temperature Cc)

January Average Temperature ()

August Average Temperature (°C)

Average Annual Humicity (%)

Heating need (degree days)

Cooling neec (degree days)

3~44

fe)

-

Cairo

27.8

56

4cn. 4

343.0

Alexandria

13.5

26.7

70

521.6

194.,7

Aswar

27.0

16.8

34,2

27

122.4

1504.0



detailed derivation for Aswan, Alexandria and Cairo.

The heating and cooling loads are derived using the degree days method.
The degree-days method has traditinnally been used for calculating the energy
required to heat a bullding during . season. For any period, the energy required
i1s estimated as the product of an overall bullding conductance, UA, aud :he
number of heating degree~days c¢valuared at an approprlate bhase temperature.

The method is widely us.d and, 1n the United States th._. {nformation is
available 1n tabulaced degree—duys format for several hundred locations and a
number of base temperatures. These degree-days statistics were caleulated from
daily temperature records for a thirty year period ueing a bhase temperature of
18.3°C.

In Egypt, such an analvsis has not vet been undertaken or is not available.
The evaluation of a heating and conling load using the monthly average temperature
can only be a rough approximation. The error in the analysis 1s most pronounced
when cthe base temperature is approximately equal to the monthly average amblent
temperature. Blindly applying the degree-days method leads to a zero heating
or cooling load. In reality, daily and hourly temperatures are distributred
around the mean and can show significant variations. Clearly, a reed exlsts for
becter modelling of the random natnre of temperature and its impact on degree-
days estimation.

Erbs, Klein, and Beckminl!® have developed a method which only needs the
monthly average amblent temperature to obtain estimates of daily bin data and
the monthly heating or cooling depree-days for any base temperature. By defining
a unit density distribution function for monthly amb ent temperature it is

possible to develop a more exact reluationship between heating degree~days and

18 Erbs, 0.G., Klein, S.A., Be~kman W.A., Estimati~. of degree-days and
ambient temperature bin dacta from monthly-average temperatures, ASHRAE
Journal, June, 1983.
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the distribution of ambient temperature.

Using Cairo's averape morthly temperature averaged over the 1931-1960
period, a more accurate vstimition of lieating and cooling degree-days was
derived.

In order to calculate the hiesting and cooling load for typlcal Egyptian
dwellings, a simplified evaluation or the heat loss coefficient was derived.

The dwelling chosen as representative was a 120 nl apartment in a multi-story
modern concrete building. Even though such a conflgurarion s different than
traditional building designs, 1t is representative of current and future building
designs.

The heat loss coefficient for an Egyptian house 1{s calculated to be 4.15
W/° C-M2. Detailed evaluation of the heat loss of a typleal Egyptian dwelling
is contained in Appendix C. The value Is high and reflects the lack of butllding
insulation and the low air tightuess of typical homes. 1.S. llouses are generally
a factor of 2 to 3 lower 1in terms of heat less coefficients.

Using a Lotus 123 model, the heating load for the representative aparinent
was calculated. The heating season is assumed to extend from the month of
December to the month of March and heating {s required for 33 percent of the
space one third of the time. Th« annual heating load s calculated to be 483
kWh¢y, per year. This figure is higher 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 prescnts the results of the computer
6imulation 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 analvsis. Using a base temperdture of 25°C as the

required indoor space temperature, the cooling season is defined as the period
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EXHIBIT 3.23
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5TD DEV. Ta I SDw | degC ! 1.4 l 1.3 .1 1.0 Lo 0.9 0.9 0.9 0.9 LG 1.1
H FACTOR I H b 06 G5 0g =004 L1 -7 =21 -1 -5 -1 -0.¢ 0.5
DIST. FUNC. OF Tb  IDh(TD) | I 1577 15,7 £9.9 14,8 1.3 0.2 0 .0 0.2 1.2 196 1090
| f
!
I
f

!

HONTHLY HEATING DDS | Dbs ldeg-days
I
i

I |

IKW-HRth | 1555 114.1 68.9 i4.6 L3 0.
! | f
YEARLY HEATING LOAD | IKk-HRth | 482,9

l’i{i‘l{!ilHlifﬂﬂliiH*iii{inliHif{i*!i’iliiliH‘!H EEERERY i{iililii{{*il*il‘l}{'*ii{iﬂl*}fillllilii}{{I’i{ii{{{ii}lf{{ii{i

YCARLY HEATING DDs D0s {deg-days t 489,7
HEAT LOSS COEFF, PooU IW/degCMRl A2 4 b0 4L A2 42 42 42 42 4 4,2 42
DVELLING ARC R I F120.0 120.0 120,0 120.0 120.0 120.0 120.0 1200 [20.0 120.0 120.0 120.0
KAXIM., HEATING LOAD | [KW-HRth 118846 1362.4 835.5 176.4  15.8 L3 05 0.5 2.7 (48 234.6 13029
AREA FRACTION ! l o3 03 0.3 0.3 0.3 03 03 03 03 0.3 0.3 0.3
TIKE FRACTION ! I o3 63 .y 0.3 6.2 03 03 03 03 0.3 0.3 03
f
|

TOTAL HEATING LOAD 0 0.2 L2 194 107.5

ne
(el
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EXHIBIT 3.24

DESCRIPTION VARIAB, LNITS JA O FER HAR PR may JUWJW AUG SEPT  OCT Qv DEC
I.- I__. l _____________ T e e e e e e

BASE TEWP, T ) deq C 1 25.00 9.0 .00 25.4 250 &.0 25.0 25,0 250 5.0 5.0 &0

HONTHLY AVG, TEMP. | Ta | deg C 1 13,2 142 1.6 20.E P42 207 2B.7 2.8 29,4 234 9.2 14,8

AVG. YEAR TEMP, Ply 1 odeg C 1 ele Pie 21 ene el plp el.e el L2 2Le 21,2 elLe
[ ! [

DAYS PER KONTH PoD b DAYS 1 3000 260 3060 3000 310 30,6 2000 30 30,0 3L0 30,0 31,0

HOURS PER KONTH I He 1 HOURS | 74400 6720 74400 72000 7440 720,00 744,00 744,0 72000 744,00 7000 T4k, 0
! f !

CALC. FOR S5TD DEV. | SqT | Foeho 490 &y, L0 9.0 3003 49,0 436 17,6 4.8 4.0 §1,0

STD DEV. Ta/Ty b 8Dy | degC | 55 S0 4.5 43 4.3 4T 38 3z a5 2 2.0 1.9

STD DEV. Ta f 5D | degC | 1.4 L4 1o 1.1 1.0 LV 09 0% 09 09 1.0 1

H FACTOR I H 1 =15 -5 -1&¢ 0.8 -0.1 0.3 06 06 01 -0.3 -1.0 -l

DIST. FUNC. OF Tb  (Dh(Th) | 0.3 04 1.1 40 25.4 641 109 923 35.9 137 1.5 0.3
f [ !

FONTHLY COOLING DDs | DDs ldeg-days I 0.5 0,4 11 4.0 25.4 641 1039 .3 359 13.7 .5 0.3
I I I

YEARLY COOLING DDs | DDs ideg-days | 343,0

HEAT LOSS COEFF, U IW/degC-#21 4.2 42 4.2 4,2 4P L2 AR 42 42 4,2 47 4.2

DHELLING AREA A Ir 120.0 120.0 1200 120.0 120.0 120.0 120.0 120.0 £20.0 120.0 120.0 1£0.0

FAXIM. COOLING LOAD | IKh-HRth | 5.7 &5 13,3 47,8 303.2 766.7 1241.9 1103.4 428.6 1636 17.7 1
! ! I

ARER FRACTION i I 63 0.3 03 0.3 0.3 0.3 0.3 03 03 03 0.3 0.3

TIKE FRACTION f | 05 S 0S5 0S5 05 0.5 05 065 05 05 0.5 0.9
I ! !

TOTAL COOLING LDAD | IK-HRth | 0.7 0.6 L7 60 37.9 95.8 155.2 137.9 53.6 20.4 e.c 0.4
| { !

YERRLY COOLING LOAD | IKK-HRth | 512.4

l‘ii!i{i{il»l'l'}}{ilfﬂlf*!*liillllii{ﬂli{iﬂiiHiiili{ 122222121 i'{i*iHi*i*ii’ii}{iiii'*l}ifihiiii{ffiilfiff}}ilf{f*i§i{i§}{§f‘l



when the averapge monthly Cempersture o nfpher. Assuming the cooling load {s
concentrated in one 40 m2 area and for half of the time, the load is 512 kwhth'
Taking typlcal Egyptian air conditioner efffciency into account (COpP = 1.8),
the electric load is approximately 795 kWh electrie per vear. This figure is
lower than the guess provided inthe .5 -Egypt jolnt assessment which was 500
kWh per year. The difference is a4 tunction of the lower operation temperature
of the air conditioner. If a basc temperature of 22°C 1is used then the
electricity consumption reaches 651 i,

The comparable heating and coo!fap

<2

loads for commarcial buildings were
not calculated due to the lack of data. They have been estimated to be 1250
kWh total: 833 kWh for cooling and 250 kWh per year for heating. Current
application of space heating and conling systems are limited. This 1s due in
part to the good energy performance of tradftional thick masonry walls, and in
part to the high price and limited avallability of central heating or cooling
systems. However, the situation is rapidly changing in Egypt, especially 1in
the urban areas. One factor {s that traditional buildings are being rapidly
replaced with the less efficient cemcnt and steel modern buildings. Another
factor 1s the rapid growth In urbanization coupled with a fast Increase of
{ncome level for a large portion of the population. The government is responding
to those trends by implementing a missive constructlon plan to alleviate urban
congestion.

Total energy consumption for final use in the residential sector in 1939
was estimated in the joint assesusment to be 2.6 MTOE, 2.0 of oill, .3 of natural
gas and .3 of electricity; for the commerclial sector the total was 3.0 MTOE,

2.7 of o1l, .1 of natural gas, and .2 of electricty.

Residential and commerclal space conditinning energy use together were

projected to be 1102 MWh for fans and air conditioning in 1985, with an additlona!

8000 Tonnes of butagas to be used for heating in the residential sector.

3-49



Projections are that energy use wi!l i{ncrease substant{ally between 1985 and
2000, to 5740 MWh and 30,000 Tonnes respectively.,

Projections of lighting use show the same growth trend from 4580 Mwh,
with 662 thousand Tennes of kerosene in 1985, to 13,069 MWh with 556 thousand
Tonnes of kerosene in 2000.

The percentage saturation of residential alr conditioning in urban areas
is shown in these projections to bhe fnereasting from 5 to 20 percent between
1985 and 2000, the comparable figures for fans are 50 Lo 90 percent. The market
saturation in rural sections will be miuch less - on the order of 2 percent for
air conditioning and 25 percent for {ans by the year 2000. Alr conditioning
and fans will account for 8 percent ol 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 percent of 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 undertakes as part of the Five Year Development
Plan. Estimates are that approximately 500 housing units will be completed
daily from 1980 until the end of tho century. Other plans focuslng 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 stocl providing a major opportunity to implement energy
conservation features such as passive designs 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 SeltimlY the 1975 census recorded the existence of
3,586 thousand urban dwellings.  These unles were occupled by an estimated
3,240 thousand households leaving o surplus of 339 thousand unoccupied unitvs.,

The Natlonal Housing Pollcy document, in contract, quotes a shortage of
555 thousand units in 1976. The 1976-1982 five year plan estimates the shortage
at 850 thousand units In 1977. The difference in supply and demand could be
caused by a stratified hcusing mariet vhere medium and high Income dwelllings
are 1in excess supply and lower incom. dwellings in a shortape situation.

A large portion of rhe urban bullding stocks {s old and of poor quality.
900 thousand dwellings were bullt before 1900 and are in need of replacement.
Further, there {s a growing need for replacing rooms and small units with flats.
This means that an adequate reprosentation of housing neads will need to take
Into account these replacement and quality fwprovement factors. An additlona!l
factor affecting urban housing demand {s the {ncreased urbinization affecting
most clties.

Exhibit 3.25 provides a projection of the hous{ng needs for urban and rural
areas. Using the figure or 203,000 ncw households in 1980, urban housing demand
1s taken to grow at the average population growth rate of 7.5 percent. TIncreased
urbanization is assumed to be equal to 10 percent of new urban houschold. The
replacement and quality {mprovement in the old housing stock 1s estimated at 18
percent of all needs. The last column in the table estimates the rural hous!ng
need based on the population natural rate of growth minus the migration to the
city.

The results of the restdential construction projections presented in

Exhibit 3.25 indicate that construction of new urban dwvellings will reach 766

19 Selim, T.M. "Development of the Construction Industry in Egypt", MIT thesis C.E.,
Civil Engineering, 1983,
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EXHIBIT 3.25

URBAN URBAN] - UPBI FUTH KEb CITIES  PERCENTAGE TOTAL TOTAL
NATURAL SATION STOCK Ui (INCLUDED IN  OF NEW RURAL RESIDENT [/
GROWTH DEMAND REPLACEMENT  Giuniin TOTAL URBAN) CONSTRUZTION  GROWTH GROWTH

YEAR {000 LNITS) (000 INITS) (000 LHITS) o Uniliy (00 UNITS) %) {000 NETS) (000 UNITS)
1985 1 107.0 10.7 che 136.1 0.0 0.0 85.3 2.
1981 i 109.7 1.0 b7 falig b. 4 4,9 85.0 22l 4
196¢ | 1le. 4 1.2 e 3 AN 16,0 6.9 B4, & a3’
1983 | 115, 1.5 cc.8 149.¢ 5.2 10.2 84,0 2340
1984 | 118.¢ 11.8 c3. b 1N 2l.e 13.8 84,2 23§
1985 | f2l.1 12,1 4.0 1 21,2 13.5 83.9 241.0
1986 | 124, 1 12, 4 24,6 1611 ch. b 16.3 83.6 cha.?
1967 | 1e7.2 12.7 3.2 185, ct. b 16.1 83.3 248, 4
1988 | 130. 4 13,0 ch.8 19, ¢ (N 15.7 83.0 2de.g
1989 | 133.6 13,4 26,3 173.4 cb. b 15.3 82.6 256, 1
1990 1 137.0 13.7 27.1 177.8 6.6 15.0 82.3 260, 1
1991 | 140. 4 14,0 c7.8 182.e 26.0 13, 4 8e.0 264, 2
1932 | 143.9 14, 4 28.5 18c. & ¢, 0 15,0 81.6 b, 4
1993 | 147.5 14,8 29.¢ 191,45 28,0 14,6 8l.¢ 27¢.7
1994 | 151.2 5.1 29.9 190, 28,0 14,3 60.9 el !
1995 1 155.0 15,5 30.7 cot, e6. 0 13,9 80,5 281.7
1956 | 158.8 15.9 1.5 el @ ¢3.8 1.3 60. 1 28t 3
1997 1| 162.8 16.3 32. cHLs 23.8 11,3 19.7 2911
1938 | 166.9 16.7 33.0 166 el.g 1.0 79.3 293.§
1999 | 1711 17,1 33.9 N c3.8 10.7 78.9 300. 9
2000 | 175.3 17,5 347 el 23.8 10,3 78.5 306.0
TOTAL REW CONSTRUCTION BY THE YEAR 2000 377504 4650 2la.6 17251 3500, 5

SOURCE DERIVED FROM GriwRix. ORGANIZATION FOR HOUSING, BUILDING
RMG PLAMNING RECERKLH, "COANSTRUCTION/CONTRACTING INDUSTRY
STUDY, " FINAL REFGAT, CAIRD, JULY 198f. CITED IN SELIM T.M. 0P, CIT,
AND HEBAZY, ANIR, "SOiAR ENERGY TECHNOLOGIES AND THE PRACTICAL
SITUATION OF THCIR APTUICATION IN THE KORLD AND IN EGYFT, * UMDATED
TRANSLATION FROM fnE L,



thousand units during the period of 1982 to 1986. This result compares
favorably with the current five vear plan projected output of 800 thousand
units during the same period.

The current five year plan document indicates that a total of 449,500
new urban dwellings were built during che 1978-]1982 period. Eight percent of
those dwellings are considered luxarious or of above quality and 37 percent are
considered average housing. If we assume that the proportion of dwelling type
holds for the current five year plan, then an estimitc of current alr conditioning
growth can be undertaken. Assuming that all luxury buildings are buflt with
air conditloning and 52 percent of average quality houstin, equipment, then the
demand for 1984 can be estimated to 26,400 new dwellings being equipped annually.
This figure is within the range of productlon of MIRACO and YOLDAIR whieh
produced approximately 37,000 unfts in 1984. In addition, a number of older
residences are being retrofitted with afr conditloners while upper class
customers prefer to purchase imported models. The balance of the market and
especially the larger units goes to the commercial sector. For the purpose of
our analysis we will assume the residentfal 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 1in post
1984 residential buildings will reaeh 187 million kWh/yr by the year 2000. The
addition of a 35 MW electrie power generating capacity every year will be

required to meet that load.
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RENEWABLE ENERGY THECHNOLOGY CHARACTERIZATION

I~
(=)

The purpose of this section Is to characterize promlsing renewable
energy technologles that have poteatial for widespread use {n Egypt. Renewahle
energy technology characterizations have been prepared for wind, photovoltalcs,
solar thermal, geothermal, blomass, solar ponds, municipel solid waste, and
passive solar heating and cooling. Fach characterization includes discuslons
of the technology, its operating characteristics, resource availabllity in
Egvpt, market readiness, cost, industry status, R&D thrusts and relevant Epvpt/-
worldwide experience In using the technology. Appendix A may be referred to

for a detailed discussion of each technology.

4.1 Wind

4.1.1 Technology Description

Wind turblnes are horizontal-axls or vertical-axis rotary devices 1in 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 gencrator; (3) a tower that supports the rotor;
(4) various turbine supporting svstems {ncluding controls, electrical cables,
etc.; and (5) "balance-of-system” subsystems, which depending on the application,
wight include ground support equipment, interconnection equipment, etc.

The most appropriate tvpe 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 controllable direct current field excitation.

They also have several features which make wind energy sytems attractive for
use in providing grid~connected power.

The inconsistency of wind resource requires some means of energy
storage. The cnnventional lead-acid battery is the most appropriate electrical

energy storage device available especlally for low demand communities. Other
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types of batteries such as Nickel-Zinc, Meral-Cas and Zinc~Chlorine batteries
can also be used for energy storage. Hybrid systems that utilize different
renewable resources (solar, wind, biogas) could be used to supply the total
energy requirements of a small community efficlently and economically with mich
smaller energy storage facilities.

The ma jority of commercially avallable mechanical systems are used for
pumping water. The classic windmil]l ts a well proven design availahle from
minufacturers all over the world. Tvpleal rotor sizes ranse from 2 to 3.5 m
with abour 18-20 fans per wheel. The rotor ts coupled via a crank to a single-
acting borehole puimp. Most commercially avaflable machines have similar
performance characteristics. With a cut-in speed of around 3m/s, water output

rises linearly with windspeed to around 8 m/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.
Avallable data demonstrates that the Mediterranean Sea coast has an average
annual wind speed of about 20 km/hr, and the Red Sea coast approximarely 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 1in the technology and cost reductlions has enabled
substantial market for grid connected machines to develop. Water pumping

continues to be an excellant application of windmill technology.

4.1.4 Cost

Cost of wind machines demonstrate considerable economics of scale.
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Currently costs range from S$S5000/kW for small machines in the 1-5 kW range to
about $1000/kW for larger machines fn the 50-100 kW range. TIn the future, machine

costs are expected to drop.

4.1.5 Industry Status

The wind technology industry in the United States has experienced a
sustalined growth. The technical feasibility of both large and small wind energy
conversion systems for electricity is established. Cons{derible test and
operational data on small machines now exlsts, and a data base s beling
established for large machi.es. 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 desligning and
beginning to market intermediate—sized (200-500 kW) machines. The growth of

wind farms continues to be an encouraging 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 twc parallel areas: the basic science of wind
turbine dynamics, and advanced componants 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 t.e wind turbine's interaction with
its environment. Advanced components and systems rescarch includes research
on advanced concepts, supporting research, applied technology testing, and

miltimegawatt eystemr. There activitien are aimed at reduning technical barriers
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and developing the technolegy basc that will lead to ma jor dmprovements in
machine cost, performance, and lifetime. This area will Involve not only
R&D on individual components such as advanced airfoils and genecators, but
also systems analyses and testing o cnsure 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 inftiated in 1972 with
support from the U.S. Agency for Internatlonal Development for resource
assessment.  Studies concerning desipgn performance of different windmills and
generators are undervay at varions acailemfc Institu={ons.

There are several ongolng jolnt projects between the National Research

Center of Egypt and European develonment institutions.

4.2 Photovoltaic:

4.2.1 Technoloéy Description

Photovoltaics (PV) is the direct conversion of sunlight {into electri-
city. 1In 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 that are processed such that when light
strikes the cells, they gencrate a Jirect electric current.

Most applications require the use of a regulator to control voltage
fluctuations 1u a system output. Regulators are essential because loads, such
as batteries, converters and inverters can only tolerate certain variance in
input voltage. Regulators, inverters anl converters comprise what 1s referred
to as the power conditioning systenm.

There are basically three penerations of PV technology: 1ingot, ribbon
and thin films. Th2 current PV market is dominated by first generation technology

- 1ogot cells. Second generation technology has just recently entered the
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marketplace, while thlrd generation technology for the power market 1s 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 installed systems use flat-plate modules. They
collect poth direct and diffuse radiarion, so traciking devices are not necessary
(ARCO Solar uses tracking flat-plate syetoms in their megawatt-scale projecty,
as they feel improved performance more than compen-ates for increased operation
and maintenance expenses). Egyptian system experience has been solely with
flat-plate modules.

Concentrator collectors ofier an approach to PV power generation that
reduces the nred 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 be reduced by as much as a factor of 1000. Concentrator

collectors only accept direct radiation and therefore require tracking devices.

4.2.3 Resource Availability

Solar insolation in Egvyot is one of the highest in the world, making
photovoltalcs an attractive option: yearly average solar Insolation is about
5.7 kWh/mz—day with an averape of 9-11 hours of suniight per day. The direct
component of radiation represents a large fraction of the total in many areas
of Egypt (diffuse radiation 1s 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 Readlness
The major markets for photovoltaic systems are stand-alone; consumar
~roducts; grid-connected residenti{al and commercial (intermediate) power; and

itval station utility power.
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Remote stand-alone applications represent a market for which PV {is
ready. Types of applications [nclude navigatlional aids, communications, rural
electrification, and water puapling. PV for grid-connected resident{ial and

intermediate systems are esscntiallv in the demonstration phase.

$.2.5 Cost

Presently, PV module prices range from 5 to 12 dollars per peak watt.
The range reflec.s the quantity of modules purchased. In the small-to-medium
size range, prices start at approximitely $7/Wp. Installed system prices range
from about $10 to $30/Wp, depending upon the location and the particular
application. At these prices, PV Is cost-competitive for many remote applica-

tlons, but not for utilitv-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 percoat in 1983.

U.5. 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 generation technologles. Firms have used these technologies to penetrate
the remote systems and central statlon utility markets. On the other hand,
third generation technology (in pavticular, amorphous silicon) is dominated bv
Japan. The Japanese Industry, shortly after entering the PV field, became
extremely successful 1in the consumer products market. Tt has only been recentlv,

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 1in these areas will come Trom better designs. Current research is

directed toward lmprovements in the modules.

4.2.8 Relevant Egyptiarn/Worldwiie FEuparience

The Government of Egypt and academic instltutions have had considerable
experlence in PV. Among the projects undertaken, include a 10 kWp refrigeration
system at the High Dam, a 10 kwp electrification system, a 5 kWp pumping system at

Sadat City, and eight television and wmicrowave repeater stations.

4.3 ligh Temperature Solar Thermal

4.3.1 Technology Descriptian
Solar thermal technolopies fall into several catepgories: flat plate,
evacuated tube, parabolic trough, parabolic dish and central receiver systems.

4.,3.1.1 E}at Pla.n

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 meral plate called the
absorber. Heat in the plate {s then transferred to a Liquid in tubes attached
to the plate or to air thac is circulated around the plate. This hor fluid is
then transfered to the polnt of use. The collector is insulated to reduce
thermal losses. Tue flat-plate liquid collector is generally limited to operat-
ing temperatures up to about 90°C while air collectors are capahle of somewhat
higher operarting temperatures. While flat plate collectors cannot be used to

produce high temperature working {luids, thev can be used as a preheater.

4.3.1.2 Evacuated Tube Collector

The evacuated tube collector, because of its small absorber area and
improved barrier to thermal loss, 1s capahle of operating efficiently at tempera-

tures of up to 150°C. Using a compound parabolic concentrator as a reflective
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backing, solar concentration ratios oi’ 1.5 to 5.0 can be obtained. Therefore,
the evacuated tube collector Is techuieally capable of providing industrial

process steam.

4.3.1.3 Parabolic Trough

Parabolic =:roughs are oncv—axis tracking linear parabolic collectors
that concentrate sunlight approzim:tolv 30 fold onto a receive. tube positioned
along the focal line of the parcbats. A working fluild in the recelver is heated
bv the concentrated sunlipght and this energy is transported to the point of use
by the fluid circulating in a piping svstem. Due to higher operating temperatures
of 100°C to 315°C, troughs are usunlly considered suitable for many industrial

process heat applications.

4.3.1.4 Parabolic Dish

A parabolic dish is a point focusing, two axls 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
transferred as heat to a fluid c¢irculating through the receiver can be used
dlrectly in thermal energy applicatfons or used to produce electrical energy
through a heat engine/electrlic genervator coupled to the receiver. A complete
dish module can be used individually or in multi-module systems. Parabolic

dishes can produce temperatures up tn 1700°C or more.

4.3.1.5 Central Receiver

In a central recelver system, a field of hellostats (tracking mirrors)
focuses sunlight at concentration ratios of several thousand times onto a
receiver mounted on a towcer. The concentrated energy absorbed by the recelver
can be transferred as heat to a circulated working fluid to power a heat engine

or provide high grade heat for industrial uses. Central recelver systems can
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produce working fluild temperaturcs up to 1700°C or more.

4.3.2 Resource Avatlahilicy

Solar energy avallability in Egypt was discussed in Section 4.2.3.

4.3.3 Market Readinecgs

Solar chermal systems have the potential to capture a share of the
industrial market with applicat inus such as mechanical parts and car washing,
bleaching, alr-conditionting, porats “rying, beer brewing, latex production,
sterilizing, enhanced oll-recovery and ofl refining. Parabolic troughs, which
are mainly medium-temperature svatems, are ideal for this market. Flat plate
and evacuated tube collectors dre commercially available and are suitable for
lower temperature applications.

The next area that solar thermal systems could be expected to penetrate
1s 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 of which produces both heat and electricity. Central
receivers, parabolic dishes, and to some extent, parabolic troughs are all

potential candidates for electrical applications.

4.3.4 Cost

Currently solar thermal technologies are too costly to he competitive
with conventional energy resources in the U.S. Of the higher temperature system,
parabolic trough technology has the most potential for being economically
compezitive 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 option economically viable in the future. Helio-
stats comprise approximately 507 of the central recelver system cnst.  Central
recelver plant costs are currently about $4600/kwe and $1300/kwt. Cost is

expected to come down to about $1600/kwt and $460/kwt by 1995,

4.3.5 Industry Status

In the past decade, nearly all private sales and most private initiatives
have been for flat plate, evacuated tube and parabolic troughs. Only recently,
major private initlatives have been undertaken by the solar thermal industry to
promote and verify central recciver and parabslic dish systems Iin the user
environment. TIndustricl process heat and electricity generation are industry's
favored markets, and in the U.S., most purchases in the past were made by the
government. Presently, industry {5 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 cost/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. 1in flat plate and evacuated

tube technologles.

4.3.7 Relevant Experience in Egypt
The Solar Energy Laboratory Natlional Research Center established 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 thermwal projects.
In the Electrical Enginecring Department of Al-Manjurah University,

theoretical work on collectors for power generation has been undertaken. A
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power generating project in cooperation with West Germany under a renewable
agreement (December 1976-1979) operated a site with 8000 wl of cylindro-parab,lic
tyre collectors producing hot witer at 110°C under six atmospheres pressure. A
power generation project in cooperatifon with the U.S. under a renewable agreement
(January 1975-June 1978) utilized a parabolic collector array made up of three
heliostats having a total area of 108 w2, TIn this project, steam was produced

at 220°C at eight atmospheces pressure. 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 rower 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 (>150°C), liquid dominated geothermal reservolrs can
be used to gencrate 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. In some cases, the brine actually
flashes in the wellbore, thereby requiring only a steam separator at the surface.
The steam phase 1s fed to a turbine where electricity is generated, simllar to
dry steam energy conversion. The liquid portion of the fluid is usually disposeld
of by reinjection into the ground.

Binary cycle (or organic Rankine cycle) technology can use medium
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temperature resources (90°~150C) to yencrate ¢lectric{ty. The geothernmal
fluid flows, or is pumped, from the prodaction wells into a heat exchanger
where the heat is transferred to a socondary flufd, such as freon or {sobutane.
These Jluids, with thefr low bolllng points, will vaporize [n the heat transfer
process. The vaporized working rluid i{s then expanded through the turbine and
1s condensed upon exit. Tt fs subsequently returned to the heat exchanger,
completing & closed cycle.  The spent geothermal fluid from the heat exchanger
1s reinjected {nto the ground.

Total flow geothermal systems expand the brine from the liquid phase
directly without the intermediate process of flashing it into steam. By avoiding
the losses in the flashing and separation processes, total flow expanders have a
higher theoretical efficiency. There are a number of expander types which may
be used in total flow systems, if.o. axial flow turblnes, Francls turblnes,
Pelton wheels, helical screw expanders, etc. These systems are primarily belng
considered for high temperature (>150°C) applications.

The direct use of geothermal energy delivers heat from a geothermal
fluid to any process requiring it. Generally, the temperature is limited to
the wellhead temperature, althourh 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 Availabiliry
Recent studies investipated the availability of geothermal energy in
Egypt. These efforts found no Indication of high temperature (>150°C) geothermal
systems in the region. Evidence docs 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. Hot springs along the eastern shore and In the
Sinal have surface temperatures as high as 70°C.  This zone could extend as [ar
west as Cairo and the Fayouw oasis and Wadi Natrum areas based on geochemical

data, extinct geysers, and historic seismlcity of these areas.

4.4.3 Cost

The economics of geothermal energy is strongly dependent on resource
characteristics such as temperature, depth, possible flow rates, and brine
chemistry. Other Important cost factors include accessibility of the resource
and rock hardness. Estimated fnstallatfon costs for geothermal energy capaclity

range from $10-52/kWth for direct use to §946-1621/kWe for binary electric.

4.4.4 Industry Status

The structrure of the geothermal industry is set by the three ma jor
phases which make up geothermal exploration and development. These are resource
exploration, field development, and end-use.

The exploration for geothermal energy 1s performed by a wide range of
organizations including small and large exploration companies, government
agencles, and universities. The tools and technliques of geothermal exploration
are essentlally those of petroleum and mineral exploration.

Geothermal field development includes well drilllng and completion as
well as the construction of surface fluid distribution systems. This technology
is very similar to the development of an oll 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 techniques, extending existing drilling technology and
Instrumentation to higher temperatures, increasing the understandling of the
behavior of geothermal rescrvolrs, and handling and treating nighly corrousive
geothermal brines. Research is also belng performed to Improve energy conversion

techniques.

L.4.6 Relevant Experience in Epypt Using Geothermal Technology
There has been no effort to develop geothermal resources in Egypt to
date. A number of investigat{ons not specifically directed at geothermal

exploration nave provided some knowledge on development pectential.

4.5 Blomass
4.5.1 Technology Description

Biomass is organic matter derived from plants and animals. There is
no single blomass energy technology, but a number of biomass production techaiques
and conversion technologies that are interrelated in various combinations.

Biomass resources Include waste. and by-products from Industrial and agricultural
processes, plus biomass produced specifically for converslon to energy.

Biemass can be converted to solid, liquid and gaseous fuels through
biochemical and thermochemical processes. The resulting encergy products can be
uced by residential, commercial aund Industrial consumers for heat, powar and
fuel; by utilities for electricity production; and che chemical industry for
petrochemical substitutes. The most practical utilization of bYlomass as an

energy resource in Egypt are digestion systems. The major advantage of digestion

1s that biomass can be used both as an energy form and as a soil conditioner.

4.5.1.1 Direct Cembustion

Combustion of biomass In open fire stoves 1is thermally inefficient (<107),

however, design improvements could double the efficiencies of cooking stoves.
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Although agricultural residues or municipal wastes could be used as feedstocks
in incinerator/steam turbine systems to produce electriclity, the associated

economies of scale make [t uneconomlical to operate small units.

4.5.1.2 Anaerobic Digestion

Anaerobic digestion provides an energy-efficient method for converting
very wet or otherwise low-quality hiomass resources, such as municipal sewage
and animal manure. 1In an anaerobic digester (essencially an enclosed pas-tight
tank contalning an aqueous slurry of biomass material), the absence of oxypen
and temperatures between 35°C and 60°C favor bacteria which decompose the feed
into blogas, conslsting of 502-707 pethane, with most of the remainder as carbon

dioxlde. The biogas formation rate depends on the feedstock retention time, pH

(optimum between 6.8 - 7.4), temperature, and nature of the substrate.

4.5,1.3 Fermentation

Alse in an anaerobic environment, biomass can be fermented by
~microorganisms (yeast or bacterlia) to produce alcohol.

The production of cthanol involves: (1) treating the feedstock to pro-
duce a concentrated and sterilized supar 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 produced from sugar crops
(sugar-cane, molasses, sweet sorghum, etc), starches (corn, potatoes, cassava,

etc.), and from celluloses (wood, apricultural residues, etc).

4.5.2 Resource Availability

Bio-energy resources are not readlly quantifiable because of their non-
commercial nature. Exhibit A.33 of Appendix A presents estimates of the
annual resource base available to Fgvpt. As this exhibit indicates, the largest

single biomass energy resource is agricultural residues —-- approximately 20
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million tons annually. The priacipal residues are those from cotion, sorghum,

malze, sugarcane, peanuts and scasame.

4.5.3 Market Readiness

Large-scale digesters for use in urban areas 1s well developed and
present few technical or economic uncertainties.

The use of a varlety of agricultural residues in digesters 1s still at
the R&D stage at the village level and digester deslgns and operating procedures
are belng developed which will allow for a variety of biomass inputs (different
combinaticns of grain straws, stalks, cattle droppings, etc.) while still

maintaining effective operation.

4.5.4 Cost

Since transporting wastes long distances is very costly, the most
economic use of digesters involves on-farm systems using animal manure and
agricultural wastes avallable on-site and urban systems usling sewage. The most
economically attractive operations are relatively large poultry, dairy, beef or
swine operations (enabling economy of scale) which are relatively energy
iIntensive (enabling the displacement of large quantities of energy bought at
retall prices).

Production of electricity from small, family-size units 1s not
economically attractive, whereas larger systems in the 10 to 100 kW range may

te able to produce electric power economically.

4.5.5 Industry Status

Beslides the potential for economlc production of fuel and possibly
electricity, digestion produces an effluent which can be used as a soll
conditioner or fertilizer and as an animal feed In some cases. The valuation

of the effluent 1s very important in assessing economlic feasibility.
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The anaeroblc digestion process {s well known as it is often used in
typical wastewater treatment plants to stabllize sludge. Because the process
uses simple equlpment, anacrobie Jdipgewters are very attractive economically,

Private sectors prospects are improving because of new reactor designs.

4.5.6 Current R&D Thrust foir Technology
The focus of blochemical converslon R&D activities in the U.S. are
being directed toward the digestion of agricultural residues that are lignocellunlssic
and difficult to digest by other bLiochemical means. Pretreatment of these feed-—
stocks, anaerobic bacteria strain selection, and nutritional factors that may
{mprove the methane-producing capability of the cultures are being exanined.
The microbiology and biochemistry of digestion cultures and the genetic
manipulation of bacteria in the methane production cycle are also belng examlned.
Feasibility of constructing biomass energy-producing facilities are
also being studied. The Issues belng addressed include the feasibility of
specific blomass energy technologles, biomass vesource assessment and availability,
financing alternatives, and the abillty to construct and operate a facility
producing biomass energy In an environmentally acceptable manner.
Other R&D arcas {nclude shurt-rotation woody crops and other silvicultural
studies, herbacecus crops and aquatic species research, thermochemical and

photobiological conversf~n resecarch, and environmental studies.

4.5.7 Relevant Experience in Egypt Using Biomass Technologiles

Most Egyptian R&D in the arca of biomass energy emphasizes biogas
production although resecarch on Improving design and efficiency of woodstov:s
and the development of small gasiflers is also underway. The most crucial
blogas R&D involves the development of low-cost digester designs.

A national demonstratlion project for the development and application

of village-scale digesters huas been undertaken by the National Research Center
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(NRC) since 1979. At present there are 45 field demonstrations, most of wh!elh

4 tarper-scale units constructed 1n conjunction

are houschold units, along with
with Ifvestock operations.  Both liboratory and pilot scale testing involving
modified Chinese and Tndfan digester desipgns are being conducted utilizing
cattle manure, agricultural residucs and water hyacinth. The goal of this
research 15 to demonstrate that appropriate blogas technology is technically,
soclally, and economically feasthlc in rural areas of Epypt. A numher of
dipesters based on the Indian and Chinese desipns have heen I{nstalled in Egvpt.
Exhibit A.36 of Appendix A presents the details of these digesters.

The Faculties of Agriculturc In Fayoum, Minia and Assuit are currently
conducting research, in conjuction with the Faculty of Fnglneering, Cairo

University, involving an integratel rencwnble energy svstem which includes

wind, solar and biogas energies.

4.6 Solar Ponds
boh.1 Technology Description

In a salt-gradient pond, due to the presence of the constructed salinicy
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. Consequentlv, the salt-gradient zone enables the pond to
trap heat in the storage zooe, where the temperature is allowed to increase
steadily to a level substanially above amblent. Typlcally, temperature in a
salt-gradient pond Increases with depth, varying from slightly above ambient in
the surface zone to 80-100°C in the scorage zone.

The heat trapped In the storape zone can be extracted by means of {n-
pond or out-of-pond heat exchangers Tor both electric and thermal applications.
Hot brine 1s withdrawn near the upper portion of the storaprs zone and circulated

through an out-of-pond heat exchanger where a working fluid receives heat from
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the brine to perform its desipgued Jutiecs.  The cold brine is then returned Lo
the pond near the bottom of the wtoraye zone, usually on the opposite end from
hot-brine withdrawal. Thermal enerev extracted from -he pond can be used to
generate electricity or support o variety of thermal applications suzh as

1

residential and commoercial buifldiing space and vater heating, industrial and

agricultural process heating, and desalination.

4.6.2 Resource Avallability

Solar energy avaflability in Egypt was described in section 4.2.3.

4.6.3 Market Readiness

The thermal energy of a salar pond can be used in various industrial,
agricultural and residential applicattons. The need for thermal energy below
95°C 1s very high for industrial process heat applications. Fond, furniturc,
paper, chemlcals, leather and primary metal processing are among the major
industrlies to which solar ponds can be a suitable energy source. Solar ponds can
supply thermal erergy to a number of agricultural processes: crop drying,
livestock brooding, space and water heating for livestock, farmhouse space and
water heating, and {rrigation pumping.

Solar ponds can also provide energy for desalination of water as they
are capable of providing thermal energy to the distillation/desa.'varion 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: Jfnsolation, 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 the depth and size of the pond. Estimates

vary from as low as $4/m2 to as hioh as $70/m2 for Installations in the U.S.
Because of the great variance in cost, economically attractive sites

must have natural soil liners, {nexpensive salt, and enough land to construct a

large pond. Larger ponds are more cost effective because of economies of scale
ge p

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 demonstration solar pond projects were undertaken throughout the world
during this pericd. 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 109°C 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 demonstra-
ted, including pool heating, grain drying, process water heating, space and
greenhouse heatling, etc. The Yavne and Fin Bokek ponds {n Israel have established
the feasibility of peaking and baseload electrle 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 uncertainties that can reduce the performance

of a solar pond conslderably. Current solar pond R&D efforts are addressing

the following technical uncertalnties:



o thickness of upper convecting zone;

o maintainable thickness of the nonconvecting zone;
o pond transuissivitvy;

o heat loss to the greund;

o maintenance requirements of the nonconvecting zone;

o heat extraction from the pond; and

o heat rejection options.

P

4.6.7 Relevant Experieace In Foypt and Other Countries

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 linlted experience with the salt-gradient
solar pond technology.

Most of the existing experience regarding the salt-gradient solar pond
technology 1is 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 Tsrael which are capable of producing 150 kWe
and 5 MWe respectively. A large scale 48 MWe solar pond project is 1in 1its
planning/design stage 1n the United States at present. Several other small
scale experimental solar pond projects have been constructed and operated {n the

U.5. 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 1s a time-tested
and well-developed concept. Several different types of technologles exist to
recover energy and materials from M5W. The principal focus of this section is

on MSW cnrmbustion technologies; Section 4.5 discusses anaerobic digestion tech-

niques.



MSW technologies can provide a range of outputs, depending upon the
system and operational requirments.  Power output can be high pressure steam or
low pressure steam, to vrovide bist, wmechanieal power electriciey.

Most of the MSW technoluyivs Jdiscussed here are used to provide stcam
which can provide heat or motive poucr. There are four major categories of MSW
technologies avatlable in the mirket and {s discussed in detail in Section
A.7.2 of Appendix A, These are (1) mass Incineration; (2) refuse derived fuel;
(3) cogeneration; and (4) co-dispohral.  1In general terms, the major differences

of these MSW conversion technclogies concern:

the quantity and mike-up of wastes handled;
capltal and operatine costs
on-site energy reauircements
end products.

.
>
.
’

oo

4.7 .2 Resource Availabilfty

Egypt has a population »f 45 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 require an infrastructure that is either inade-—
quate or not currently in place. The development of this infrastructure is a
necessary prerequisite for MSW cnergy converston in Epypt. 1In Egypt two cities
are viable sources of MSW: Cairo and Alexandria. The Calro area zenerates
about 4200 tons of MSW per day. It is estimated that 1500 touns per day are
currently collected and recycled for other uses. The remaining 2,700 tons per
day represent a significant resource whlch can be converted to energy. The
city of Alexandria generates approximitely 1,700 tons of MSW per day, of which
700 tons per day are collected and recycled for other uses. Thus, there 1s a

significant potentlal for energy from the vemaining 1,000 tons per day.



4.7.3 Market Readiness

The avallabllity of MS8W technologies in the market is dependent upon
the state of development and depree of successful commercialization for each of
the technologyv types.

Mass incineration of MSW in refractory, modular, and waterwall systems
1s currently in commercial operation. These three technologies have been widely
used in the United States, Europs and Japan.

Both co-firec 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.

MSW cogeneration technolopies have been used in hoth Europe and the
United States for over 30 years. Rocent regulatory changes In the United States
have encouraged cogeneration and 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 heen used
since the 1930's. The fluidized bed boller has been 1a commercial operation
in the United States since 1981. ‘“ass burning co-disposal systems have heen

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 {or 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 technologics can compete with existing direct fired systems
remains to be determined. TIustalled capital costs for these systems 1s dependent
upon the technolagy, pre-proceasing ranipment, system size, site specific
requirements, and many other factors. In favorable circumstances MSW conversion
systems can be installed for $270,000,/TPD. Systems can easlly cost $150,000/TPD
and more. The economlcs of MSW techuologies in Fgypt can only be determined

after site specific analyses.

4.7.5 Relevant Experience in gvpt and Other Countries Using MSW
Internationally, there is a prowing Inventory of MSW conversion systems.
The majorityv of these systems are In Yurope, Japan, and the United States. As
of 1983, thure was 368 systems ifustalled worldwide, of which 212 are European
85 are Japanese. Exhiblt A.46 of Appondix A lists the systems by country.
The viability of MSW technologies in Egypt 1s dependent upon four
factors: the public infrastructure; waste availability; industrial development;

and experience.

4.8 Passive and Hybrid Solar Heating and Cooling and Davlighting

4.8.1 Technology Description
Passive solar heating and cooling technologies utilize thermal energy
flows In the building system by natural means such as radiation, conduction

and convection, using only energv avallable in the Iimmediate system. Hybrid

technologiles integrate the use of other energy sources - such as electricity to
power fans and pumps - to improve the heat transfer/beat flow mechanisms, but

to a lesser degree than the heat transport function served in aciive solar
systems. Daylighting involves integrating 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 bullding uses energy is euergy conscrvation, including initial design and
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operations and maintenance over the period of the buflding's use.

4.8.1.1 Pa

ive and lybrid Solar leating

The basic components of all passive solar heating systems are south-
facing glass for collection, and thermal mass for heat absorption, storage and
distribution. Systems have different methods of collecting, storing and distri-
buting heat, and can be classified into three categories: direct gain, indirect
gain and isolated gain. (Sce Exhibit A.47 of Appendiz A).

These basic passive solar heating options cau be assisted, by the
addition of fans aud heat purps to the system, creating a hybrid svystem. The
pumps and fans Improve the distribution function by {ncreasing the convective

flow of air within or between roons, especlally when air between the rooms is

stratified - on multiple levels or scet apart by walls.

4.8.1.2 Passive Solar 999}{pgnﬁx§tems

Passive solar cooling techniques, are not as much a function of equipment
as of appropriate building desipn siting and construction techniques, and some
ongoing maintenance or operation by building occupants. Techniques include
load reduction, earth shelterine, roof ponds and stack effect, eavth tube,
natural vent{lation, solar chibmuey desipns, and dehomidificat fon (see Exhibit

A.49 in Appendix A).

4.8.2 Resource Availability

Egypt lies 1in the solar bhelt with an annual average 1insolation of 800
KJ/em2. The direct component of solar radiation is 88 to 95 percent of the
total on a clear day. Sunshine hours vary from nine to elever hours per day,
with only thirty cloudy days per vear 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 cloar aipht skies which tvplfy Fgyptian climate.
Lighting represents another tarpet {or passive application.

In additfonal to the snlar vadiarion, there are requirements for basic
construction materfals. Materlals sach as steel, cement, glass, and aluminunm
are all manufactured in Egypt. The requirement for these materials is substant{al
since the utilization of solar encryy resources requires considerable area with
collecrion surfaces capable of withatanding severe environmental conditions.
Suppcrt structures, towers, and storage tanks are needed in the passive solar

design.

4.8.3 Market Readinnss

Traditisnal Islamic architecture i{s well recognized as the origin of
numerous passive sola: cooling techrniques. The courtyard, the high ceiling,
and malkaff (wind catcher) are amour 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, deterforated.
The restoration of traditional Islamic design concepts along with the application
of other passive cooling features has significant potential for improving

zomfort levels and redacing air condittoning demand.

4.8.4 Industry Status
Passive solar designs and technologies do not require the development
of new industries or production facilities sc much as the education of the

construction industry and, for some applicatioas, the building occupants.

4.8.5 Current Passive Solar RLD Thrusts
There is substaniial rescarch going on in all areas of passive solar
techaologies. Most of the resecarch Is directly or Indirectly related to

Increasing the cost effectiveness of passlve solar bullding design for heating,
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cooling and daylighting, and on alvancing and refining current technologies.

4.8.6 Relevant Experlence in Fivpt and Worldwide

Some limited passive solar activity iIs taking place in Fgypt. Most
notable, CARE has constructed some cxperlmental structures in Aswan. The
American Univers!ity In Caliro has beea at the forefront of developing passive
solar technologles for desert development. A large bullding housing the Desert
Development Demonstratlon and Traliniag Center was bullt using locally availlable
adobe bricks. The design is based on traditional Coptlc and Moslem architectural

princlples with prominent use of traditional domes and vaults.



5.0 ECONOMIC FEASIBILITY OV THECHNNLGOY/APPLICATION OPTICNS

The technologfes discussed in Sectton 4.0 can be used to supply the energy
needs of many of the applications leseribed in Section 3.0. 1In this section, a
suvbset of technology/application optiong are selected and financlal analyses are

conducted to determine theilr near (1945%-1990) and medium (1990-1995) term cost
competitiveness. Technology/applicatlon options selection 1s based on the
appropriateness of the technology t o wapplying the type and quantity of energy
reguired by the applfcation. Extent of use of these technologies for similar
applications worldwlde was also considered in selecting the technologv/application
combinations. Exhiblt 5.1 shows in a matrix format, the technolopy/application
combinations selected for evaluation.

Financial analyses of the selected options was conducted to determine their
cost competitiveness with conventiontl power sources (e.g., diesel generator sets)
as well as with each other. The analvyses were conducted in constant 1985 dollars,
using a 10 percent real discount rate and an analysis lifetime of 20 vears. A
diesel fuel price of $35/barrel and a real cost escalation of 2.5 percent per
year was also assumed. The diesel fucel price of $35/barrel was the international
F.0.B. cost of dlesel fuel during the time of analysis.

It should be noted that the followviang analyses are based on average values
for tnsolation, 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 subset of technology/application
options suitable for field testing has heen {dentified, a more detalled, site-

specific economic analyses will be conducted as a scparate task under the Renew-

able Energy Field Test Project (Subtasks 2.2.2 and 2.2.3).

5-1



Y

RENEWABLE ENCRGY TECHNOL

\'I

TYIPL OF [NERC
REQUIRED

s
-
e
Ein
FALC
-
oy
=
-
-

|

APPLICATION

E

| £GG PRODUCTION

| HHOILLR PRODUC TION

DAIRY TARM

RLE FCEDLOY
L FF AT

5-2

| IHRIGATION

—_—_— —

i LIVESTOCK WATERING

o S

| LAND RECLAMATION

CITIES

BUILDING CLIMATIZATION

REMOTL COMMUNICATIONS

CATHODIC PROTECTION

FOOD CENNING

;a'nr,TI RGENT PRODUCTION

HYDROGENTRATED Ol PRODUCTION

LS!‘H\!

ES PRODUCTION

BIVERAC

ALS RO THON

TARMALCTITIC

[

Exhibit 5-1
TECHNOLOGY APPLICATION OPTIONS SELECTED FOR EVALUATION




5.1 Power for Remote Non-Crid-Connected Applications

The following discusston eviluates the cconomic feasibility of a number of
renewable energy technologies {n supplylag clectricity to gseveral non-grid-connected
applications. The technologies cvaluated are the followling:

o Wind

o Photovoltalics

o Diesels

o Wind-Diescl Hybrid

o PV-Diesel Hybrid

0 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 encrgy demand is 96 MWh/year.

o A 600 cow sterotypleal duiry farm. Annual encrgy demand is 160 MWh/year.

o A 135,000 bird broiler operatlon which corresponds to a GPC broiler farm.
Annual energy demand is 146 MWh/year.

o A 250 head beef feedlot. Annual energy demand is 10 MWh/year.

Detailed characteristics of energy demand was presented in Sectilon 3.0. The

analysis assumes that energy demani {s 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 1is 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 1s assumed to be the output from a ARCO Solar module located
at a site with insolation lcvels similar to that at Wadi El Ruwavan. The wind
turbine and PV array output is shown in Exhibit 5.2,
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E¥XHIBIT 5.2

WIND TURBINE AND PV ARRAY OUTPUT

Wind Turbine
Output (kWh/kW(rated)/month) 176

PV Array
Output (RWh/mz/month)

ANNUAL

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL
110 122 146 207 218 250 256 170 127 123 256 2,160

17.03 16.48 18.57 18.80 18.68 17.61 18.21 16.43 14.67 15.11 207.4

v-9

Note:
for PV/wind hybrid.

18.34 17.51

The low wind turbine and PV array output in February and November does not make this site and ideal candidate



5.1.3 Wind, PV and Diesel Svstoer:

°-1.3.1 Energy Supply Technology Evaluations

The technical feasibility of the rencwable enerpy technologies being
evaluated has been demonstrated in applications worldwide. Therefore the
principal purpose of this analysisc is to determine the econemic feasibility
ok the power sources. FEconomic Feasibility is determined by a number of factors:
the cost of the components, component Fife, their operation and maintenance
cost, resource availability at the site, demand profile, the feasibility of
load management, svstem reliability and the cost of competing energy sources.

Exhibit 5.3 shows the block diaprams for wind, photovoltaice, diesels and
hybrid power systems. 1f only a wind penerator or a photovoltaic system is
used, batteries are required. Since only one power source 1s used, if load
management is infeasible, the PV arrac or wind turbine size is determined by
the worst month resource availabilitv. The amount of battery storage needed
is a function of energy supply complementing demand, 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
1s necded 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 penerators are sized according to worst month
conditions, during the other months excess energy will be available. If load
management techniques are not used, this excess encrgy 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, i1t 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

advantages: !

o Since more than one power source 1s used, system reliability 1is 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. 1If 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 necded. 1In contrast,
standalone systems utilizing either a PV or a wiand generator requires
about 3-5 days of storage. Since batteries areian expensive component
(about $150-200/kWh of storage for long-life, deep discharge lead-acid
batteries), reducing storage needs will substantially reduce costs.

o In regions having complementary wind and insolation resources (e.g.,
winter peaking winds or night peaking winds), hybrids with PV and wind
generators require smaller PV arrays, wind generators and batteries.

For a given wind generator, array size cpuld 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, 1f the diesel generator 1s 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 [nto power systems capable of delivering lower

cost, more reliable electricity to remote areas.

1 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
Systems, U.S. Department of Energy, NASA CR-168264).




5.1.3.2 Assumptions Uscd in analysis
Exhibit 5.4 shows the cost assumptions used in the analysis of wind, pv,

diesel and hybrid systems. The costs are based on current prices, except as

noted.

EXHIBIT 5.4 COST ASSUMPTIONS

0}

Diesel Generator Cost Function ($/kW) S(5819/kW + 238) for kW3

1

Wind Generator Cost Function ($/kW rated) $1200/kW + 985) for kW4

PV Array Cost = $250/m? (expected 1990 prices)
Battery Cost = $150/kWh

Inverter and Controls Cost = §1,000/kW

Fuel Cost = $§35/barrel

Fuel escalation rate = 2.5%/year

0&M Cost for PV, Inverter and Controls = 1% of Capital Cost

0&M Cost for Wind Generator and Battery 27 of Capital Cost

0&M Cost Functions for Diescls (&/hour = 0.059 + 0.0077*kW - 3.34 E-05%}:1° +

of operation) (labor rntv}f(0.0099 + 0.00036%*kW -
1.295-06%kW=) for kW<100

System Life = 20 years

PV, TInverter, Wind Generator, Controls = 20 years
Life

Battery Life = 10 years

Discount Rate = 10%

Labor Rate = §5/hour

5.1.3.3 Economic Analysis

Exhibit 5.5 shows in graphical form, the results of the economic analysis.
The exhibit shows the relationship between levelized clectricity 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/yvear of electricity can be obtained from
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 MWh/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
S0UTCES.

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 1is the batteries. In 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
béttery 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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Application
1. 30-40,000 Bird Egg

Layer Operation

600 Cow Stercotypical
Dairy Farm

135,000 Bird Broiler
operation

Beel Feedlot

FXHIRIT 5.6

ECONOMIC ANALYSIS RESULTS OF

WIND, PV, DIESFI AxD HYBRID POWER SYSTEMS
)

LOWEST Con s ALTERNATIVE

1985-1990 Period

Wind-diesel

Wind-diesel

wWind-diesel

Wind with load
nwdnagement

1990-1995 Period

*PV-wind~diesel hybrid systems

have comparable energy costs.

Wind-diescl*

Wind-diesel*

Wind~diesel*

PV-wind with
management

load



satisfy the energy requirements toroughout the year. Exhibit 5.7 shows a sample
output from the system sizling and custing procedure.
This procedure is adequate for cenducting a preliminary feasibility study.

i i

Once a system has been selected for detailed evaluation and conceptual desipn,
a system simulation based on hour!y cupply-demand analyses should he conduct od.

Thls analysis will be able to detcraiie system slzes more preclsely and alse

determine optimal power system control and energy dispatch protocols.

5.2 Power for Water Pumping Applications

The alternative power sources conslidered are the following:
1. PV with battery storage

2. PV without battery storapge

3. Wind turbine directly coupled to the pump

4. Wind electric generator

5. Blogas 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 optimal design point. However, the added complexity of the
system, the energy losses in the hattery (they are 50-80% efficient), and the
cost of the bhattery may negate the alvantage of the increased pumping efficiency.

The battery system also provides a means for better load matching. For
example, 1f water supply 1s limited by, for example, a low well drawdown rate,
then the pump has to operate longir hours at a lower pumping rate to provide
adequate water. A battery 1Is necded In such Instances. Also, if water s
being drawn from a distribution channel and the distribution times do not
coincide with sunlight hours, a battery will be required. A battery system

would be necessary if the array is to power other equlpument besides the water

pump.

e l ‘h
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Exhibit 5.7B
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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.

to the PV system with batteries {s 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
)
o
0
5242
watering.

Application Characteristics

The applications selected for evaluation are the following:

Supplying water to 500 head of cattle from a well requiring a 50 meter
pumping head. Annual demand is 3650 m3 of water.

Irrigating one hectare of land where the monthly water demand profile
1s as follows:. January: 897 m3, February: 1290 m3, March: 1299 m3,
April: 1302 m3, May: 1725 m3, June:. 2043 m3 July:. 2457 m3, August;,
2425 w3, September: 2325 m3, October: 2265 m3, November: 1124 m L
December:. 1336 m3. Assumed pumping head 1s 8 m.

Reclamation of land where an electric motor driven pump with a
1 m3fsecond capacity operates 18 hours a day for 325 days a year.
Assumed pumping head is 10 m.

Economic Analysis

Exhibit 5.8 shows the comparative costs of water pumping for livestock

The lowest water costs are obtained from the blogas digester system.

However, PV without batteries and wind powered mechanical pumping costs are

comparable. The blogas 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

bilogas digester option infeasible. In the mid-term (1990-1995) 4if PV costs

decline to $2.50/Wp and BOS costs to $0.5-1/Wp, then the PV-powered systems can

5-15
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EXHIBIT 5.8

COMPARATIVE COSTS OF WATER PUMPING FOR LIVESTOCK WATERING

0O&M LEVELIZED
GENERATOR AND AND WATER ASSUMPTIONS
SYSTEM BALANCE OF SYSTEMS MOTOR BATTERY FUEL | COSTS
Water Ouput = 3650 § (% of

cu. m/yr. Capital|S$/Cubicl Analysis based on current

Pumping Head = 50 m SIZE COST |LIFE| SIZE |COST |LIFE SIZE|COST|LIFE| Cost) Meter system costs

I
1. PV with battery 5.9 m2 $5,900( 20 (1/2 kW|$ 150| 10 (3 kWh $450( 10 60 0.24 $10/Wp for array and BOS
storage? (1%) 10 hours of pumping. Bat~

tery iIs 80% efficient and
pumping {s 602 efficient.

|
2. PV without bat- 5.7 m? $5,130f 20 1 kW |S 200] 10 = e ( = 50 0.19 559/Hp for array and BOS.
tery storage? I ! i (1%) f |Pump 1s 50% efficient. 6
| | i [ ! 1 f | {hours pumping/day.

l { | el R | | e

3. Wind turbine - { 3 m $5,000] 20 = - = = f = F = 100 | 0.19 |Source: Griffith et al.
mechanical pump-|diameter ' ' ' 27%) | |Foreign Applications for
b ing3 } \Wind Energy Systems. SERI/
= L f 1 r NS |STR-21-1827.
4. Wind turbine - 800 W 156,000/ 20 |1/2 kw|$ 150{ 10 - { - | = = 3l ] 0.23 JSource: Griffith et al.
electric pump3 (Rated) e | £ (2ilﬁt
| | i
5. Biogas digester 2 m3/ S$& 5005 10 l = - = - ; = [ = 550 0.18 $200/biogas digester and
with 1 kW gas day gas . f : $300 engine. 0&M from
englne output Griffith et al. for engine
and an additional $100
l for digestor maintenance
i
6. Gasoline engine | 1.2 kW |$ 300 10 - - = Sl i s 9250227 Fuel consumption is 1300
liters per year at $0.26/
L_ ‘L liter. 0&M as above.
1 I | B | St et V= T

L unic water pumping costs will decrease in direct proportion to the reduction in pumping head.
2 Based on November insolation.
3 Based on February wind power.
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EXHIBIT 5.9

COMPARATIVE COSTS OF WATER PUMPING FOR IRRIGATING ONE HECTARE

SYSTEM GENERATOR AND O&M LEVELIZED

Water Qutput as in BATANCE OF MOTOR BATTERY AND WATER PUMPING ASSUMPTIONS

2100 m3/hectre/year SYSTEM FUEL COST

Pumping Head: 8 m SIZE , COST SIZE COST | SIZE [ coST | (%) ($/m?)

1. PV with battery 6-3 m2 | §6,300 | 1/2 kw 150 3 450 71 0.043 $10/Wp for array and BOS
storage 10 hours of pumping. Bat-

tery 1s 80Z efficient and
pumping is 60% efficient.

2. PV without bat- 6.0 m2 | $5,400 1 kW 200 = = 56 0.034 lS?/Wp for array and BOS.
tery storagel |Pump is 50% efficient. 6

| S T = |hours pumping/day.. =
{Source:. Griffith et al.

3. Wind turbine- 3m $5,000 = = = = 100 ; 0.032 iForeign Applications for
mechanical pump— : iWind Energy Systems. SERI/
ing diameterl JElist | STR-21-1827.

4. Wind turbine— 800 W $6,000 1/2 kW 150 - - 123 0.040 [Source:, Griffith et al.
electric pumpingl ‘

5. Biogas digester 2 w3/ $ 500 = = = - 550 0.030 $200/biogas digester and
with 1 kW gas day gas § $300 engine. O0&M from
engine output ! Griffith et al and $100

i for digestor maintenance
1
|

6. Gasoline engine 1 kW $ 300 = = = = 925 ? 0.046 Fuel consumption is 1300
i liters per year at $0.26/
E liter. O0&M as above.

Based on Insolation and windpower in November.
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COMPARATIVE COSTS OF WATER PUMPING SYSTEMS

EXHIBIT 5.10

FOR IAND RECIAMATION

SYSTEM GENERATOR AND GTAY [ LEVELIZED!
Water Output BALANCE OF BATTERY | A%D WATER
21 x 10°% m3/year SYSTEM | FUEL COST COST
10 m Pumping Head SIZE COST (3) SIZE (kWh) | COST (§) (3) (s/m3)
|
. PV with battery 7,256 m2 | 1,945,446 3150 L 472,500 30,735 0.015
storage N
2. PV without batterv, 7,256 =2 | 1,698,264 - - 17,639 0.010
storage2 ! 1
i !
3. $70 kW | 924,900 - - 18,600 | 0.006
; (equip.) | !
i i T ‘
‘4. ¥ind turbine with 870 kW | 990,562 3150 472,500 | 27,949 0.009
i battery storage !
! 1
|S. Diesel Engine 262 kW 74,000 - - 147,339 0.007
!6. Grid Electricitya - - - - . 0.003

1 Computed using procedure described in Section 5.1.

add to costs.

4 At $0.05/kWh.

Siting nroblems may make this option infeasible.

If water flow rate requlires 18 hours/day pumping, this system 1s infeasible unless water

storage 1s posscible so that pumping can ccecur during daylight hours. However, storage will




deliver water at about SO.]O/H‘3 (with batteries) and SO.O7/m3 (without batterivs).

Exhibit 5.9 shows the comparative costs of water pumping for irripating one
hectare of land. Again, the biovas divester system has the lowest water pumping
cost, followed by the PV without batteries and wind powered mechanical pumping
systems. In the mid-term the PV powercd systems will have the lowest water
pumping costs. Based on mid-term custs, the PV system with and without batteries
could pump water at $O.02/m3 and €001 /> respectively.

Land reclamation requires Lizh volume, low head pumping. Currently, grid
electricity provides power for drainag: systems.  Therefore the analysis should
include a cost comparison with grid-powered pumping. Exhibit 5.10 shows the
comparative cost analysis results. CGrid-powered pumping is, by far, the cheapest.
The next lowest cost is exhibited bv wind powered mechanical pumping system. If a
transmission line has to he built to the pump site, the breakeven distance
where wind powered mechanical pumping becomes more ccononical is 60 im (assuming
the traumission line costs $10,000/km and has a 30 year life).

Exhibit 5.11 summarizes the results of the water pumping cost analyses.

EXHIBIT 5,11
SUMMARY OF WATER PUMPING ECONOMIC ANALYSIS

Lowest Cost System

Application 1985-1990° 1990-1995
Livestock Watering Biopas* PV
Irrigation Biogas* pvV

Land Reclamation Grid Electricity Grid Electricity

* PV and Wind pumping costs are only negligibly higher.



>3 Anaerobic Digestion of Sewurw Wuste Water for Electricity Generation

5.3.1 Application Characteristics

One application that appears o have considerable promise for menerating
electricity using urban sewage waste watcr is a biogas cogenerator. [t can provide
electricity needed for plant operarion and excess electricity can be red to the
grid. Exhibit 5.12 shows a schematic for a typical plant. The following analysis
i1s based on a system planned for the Sanitation District of the Los Angeles
County, California.-

It consists of 32 digestion tanks that operate continuously. The gas
geunerated {s used to operate influent and effluent pumping, sludge drying, a
dual-fuel diesel engine (12.6MW), and tnpping cycle waste heat boiler. The plant
generates about 3.6 x 1012 J/day of gas. 1t also requires about 8000 litres of
diesel pilot oil per day. An cner-v halance for this plant is shown in Exhibit
5.13. The excess electricitv genurated can be used internally or sold. The nlant
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 1s higher than the Cairo area waste water production. However, the unit

could be scaled down.

5.3.2 Economilc 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 #2 diesel 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.


http:scheMat.ic

PRIMARY &
SECONDARY

Kﬁ%\%\*
/7// (1111

SEWAGE PLANT

)]

_l_\_\_\_\_\_\_\_\l MECHANICAL NEEDS
JIIIIIT

‘:F
SURPLUS ELECTRICITY L
SCLDTO UTILITY

TP

ASTO ENGINE
o
GAS

-~ L_v
//7
STORAGE A
P (OPTIONAL — DIRECT ORIVE
== 5 MECHANICAL EQUIPMENT
o ASTEHEATIRO RS o e INSTEAD OF ELECTRICITY
DIGESTER HEATING PRODUCTION)
i
A”’.ﬂ'ﬂg"ﬂﬂﬂﬂ"ﬂ""ﬂ"
75
P
P
P
L a7
ONE 3800 m3/DAY

3

SEWAGE PLANT YIELDS
311 m BIOGAS/DAY

DIGESTED SLUDGE
TRUCKED OFF-SITE
AND USED FOR
RECLAMATION OF
DAMAGED LAND
EXHIBIT 5-12

EWAGE PLANT BIOGAS COGENERA TION SYSTEM
Source: Energy Research & Application Inc. (1981) Biogas Electric Power Cogeneration,
25KW or Greater. Tennessee Valley Authority.




L

N

Sewage
Wartewater

|

(1.6 million
cubic meters

) |

A 0.55 x 1012/day
j Crack losses

|

l

1.19 x 10123/day Steam ’
BOILER water

' b T2 x 10125 /day
42 x lOlzJ/day i i Exhaust

+ | Cuses
SEWAGE Sewage Gas 1.80 x 10123/day — J
DIGESTER | 3.6 x 10'%J/day = = ESEL | 0.78 x 10123/day  Electricity (216

f ! F GINE [‘" © to grid MWh/day)
I
! i

1.4 x 1012 i

J/day ;
0.30 x 1012

1/ day i

|

e T GP'“ o

l
|

PUMPLING OF INFLUENTS
AND EFFLUENTS AND SLUDGE i
DRY ING }

! #2 DIESEL
‘ FUEL

‘ 1,260 tonnes of sludge/day
“_»

EXHIBIT 5-13
ENERGY BALANCE FOR SEWAGE WASTEWATER
ANAEROBIC DIGESTER AND COGENERATOR



other miscellanecous materials. Assuming a 20 year plant life, cost of generating
electricity is about $0.03/KWh.  Thin cost is equivalent to petroleum at about
$17/barrel, which is significantly less than the world oil price of $29/barrel.
This type plant would only marginally increase the electricity generating
capacity in Egypt, however, as a fucl saver, the plant has considerable merit.

In addition to the electricity generated, the plant also produces about 1260
MT/day (tpd) of dried sludge which can be used as a soil conditioner and
fertilizer.

The Zity of San Diego, Califcrnia has a similar plant currently undergoing
testing.3 Sewage inflow to the plant is about 570,000 m3/day. A two-unit spark
igniticn engine generator system rated at 1350 kW each, consumes 34,000 m3/day
of sewage gas. The engines use 90 percent sewage gas and 10 percent natural gas.
At present, half the sewage gas is flared since no demand has been identified.
The installed cost of the plant was about $11-12 million. This included about &2
nillion for several site-specific contingencies.

The San Dicgo plant scwape inflow is comparable to the sewage inflow at
the sewage treatment plant at Zonin, Caire (400,000 mj/day).4 If the San Diego
plant costs are scaled down to the size of the plant at Zenin, total capital
costs would be about §7 million. Daily sewage gas output would be about
48,000 mj/day. Daily electricity cutput would be about 54 MWh. 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 Communication, City of San Diego, Utilities Department.
February 19, 1985, Telephonce 619-23(-7821.

4 Mohamed Alaa E1l~Din, Abu Talid aud Jack Fritz. Biomass Energy Potential in Lgvpt
~ A Realistic Appraisal.



anaerobic digester cogeneration system. Additlonally, appropriately scaled
cogeneration systems of the tvpe deseribed above could be integrated into the
many sanitary disposal projects being undertaken or belng planned under the
Five-Year Development Plan. The projects Inelude the followling:

o Ongoing sanitary disposal jprojects in the cities of Damfetta, Ras EBl-Barr,
El-Mansourah, Kafr Ei-sheibh, Zapazipg, Tanta, El-Mahkalla El-Kubra, Kafr
El-Zayat, Shebin El-tounm, sanha, Fayoum, Beni Sousf, FEl-Minia, Assyout,
Suez, El-Tsmallla and Pore Said.

o Completlon o nine projecis vhich for the first time provide sanitary
digposal facilitles tor the town of Karr El-bavar, Shobra Khiet, Sammannoud,
Munouf, Kalyoub, Souaag, Fing, Luior and Aswan.

y ¥ &y )

o Completion of studles [or new sewage disposal projects In citles where
first stages have started. Namelv eleven towns Fafr Saad, Ezbet El-Borg,
Farshour, Aboul Matawmeer, Mi-Vanater Fl-Fhairvia, El-¥hanka, Shebin

El-Kanater, Touxh, HKatr Shube, Ui-Fikria and Fl=-Mahmoudia.

o Carrying out projects cast of the Nifle: central tunnels, pumping stations
and purification centers in Di-talag and El-Goebel El-Asfar.

o Completion of the folloviagy projects: Moustafa Xamel cnllection center;
ailution center, El=-Mina Fi-Gharbi, BEl-Ras and El-Souda; collection centers
and networks in El-Seyou!, and the miin pumping statlon, and Hagr El-
Nawatia.

o Completion of the punping conter at Sportling, collection centers in
Sidi Bishr and the Western province, and the Western purification
station In the Sumouha collection center.

o Beginning of sewage dlsposal networks in new and some of the older
cities --- to meet the necds rising from urban expansion in those
cities with already existing networks, also Improving and increasing
output of sewage networks relative to the use of water In homes.

These systems could also be installed in the new industrial cities being

planned as a part of the plan for developing areas outside the Nile Valley and

Delta.


http:pumpi.gn

5.4 Anacrobic Digestion of Sunicical salid bﬂff};f}ﬁiIllﬁﬁ{ﬁicif)lfllﬁﬂ7ﬂjfw‘

The Cairo nrca pencrates abhoat 4200 tpd of refuse.  About 1500 tpd is
recycled by 15,000 "Zebaleen,” whio wale their living from this activity. oOf
the remaining 2700 toons/day, aboatr, 1960 tpd ds collected and 800 tpd is 1eft to
"rot."? Characteristics of MG\ peneration rates for several cities in Egypt
are shown in Exhibit 5.14.

Organic material account for a substantial percentage of the MSW in Fgvpt.
On the average, moisture content ranges from 40 to 60 percent and the encrgy con-

tent from 6300 to 7100 kJ/kpb. Exhibit 5.15 shows the MSV composition in several

cities in Egvpt.

5.4.1 Application Characterization

Anaerobic digestion of municipal solid waste for the productiocn of
methane involves four major clement o pretreatment, digestion, product recovery,
and residue treatment. Tretreatment of the solid waste is desirable to separate
inorganic matter and materifals which disrupt mechanical operation of the digestuer
and to increase the biodegradahility of the substrate. The digestion process
results in the decomposition of organic matter and production of gas. The gas
produced may be used to gencrate clectricity or undergo treatment for removal
of carbon dioxide, leaving pipeline quality methane gas for the commercial
market. A residue of undigested materials is'dcwntcrcd and disposed in a
landfill, incinerator, or used as a sail conditioner.

A plant for anaerobic digestion of MSW was buiit in the U.S. under the

sponsorship of the U.S. Department of Fnergy. The facility known as the Refus=

5 Vorid Bank, (1978) Arab Republic of Egypt Urban Development Project Manual,
Solid Waste Manapement in Coire and Alexandria.

El Halwapi, M.M., S.R. Tewfilk, .. Sorour and A.G. Abulnour. (1985). Solid
laste Management: A Comprohensive Assessment of Problem, Planning Approach
and General National Trends, Tua: I'receedings of the Conference on Solid
Waste Management, Volume 2. .Julv $-11, 1985, Cairo Egypt.

r il
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Exhibit 5.14 B

Sectoral MSW generation pattern.

Source: Halwagi, et al. op. cit.
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Conversicn to Methane (RefCOM) i located in Pompano Beacl, Florida. The
RefCOM facility is the only lar, o MSW anacrobic digester in the U.S. The
primary technical objective of the facility is to demonstrate the ability of
the process to produce gas cconorically over the long—term.

Material balance for the 1000 ton/day (tpd) RefCOM facility is shown in
E#hibit 5.16. Assuming 14 MI/kp as the energy content of the input solid waste,
the gross energy vield in the fore of methane is 34 percent. The net energy
yield (as methane) allowing for clectrie power and heat required, is 22 percent.
The net energy yleld in the form of electricity is about & percent. Electricity
generated by the plant is about 400 MWh/day. Electrical energy requirements of
the plant is 53 MWh/day. Thus, about 350 MWh of clectricity is available for
sale.

Since the average cncrpgy content of MSW in Egypt is only about half that
at the RefCOM plant, electrical cnergy output would be corresponding lower
(assuming conversion efficicncics do not change). Therefore a 1000 tpd plant
in Egypt would generate 200 MWh/day of electricity. Plant energy requirements
could be slightly less if some of the pretreatment processes are conducted by
the Zeballeen. TFor example, the magnetic separator, trommel screen and ajr
classifier together use onlv 3 Mih/day of the energy requirements.  Net
electricity output from the Peypt plant would be 150 MWwh/day. This is equivalent
to about 260 barrels of oil per day. In addition, the plant produces about 700
tpd of soil conditioner and miscellaneous recyclable materials such as glass

and metals.

5.4.2 Economic Analysis
The RefCOM plant cost ahout $32 million.’ For the Egypt plant diesel

fuel cost is about $0.75 million annually. Assuming an 'M cost 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., 1If
credit can be taken for the soil conditioner and recyclable materials produced,
thel cost of electricity generatid can nrelreduced.,

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 not require diecsel 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 HpS in the biogas.

It should be noted that anacrobic digestion of MSW is at the R&D stape,

unlike anaerobic digestion of sewage which is a commercially proven technclogy.

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 & Appiication Inc. (1981). Biogas
Electric Power Cogeneration: 25 kW or greater. Prepared for Tennessec 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 blogas electricity generation
plant cost of $1500/kW and an 0&1 cost of 10% of capital cost, the cost of
electricity is about $0.075/kWh. This is equivalent 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 gencrated using a 250
kW diesel generator.

The quantity of electricfity dewmanded by the dafry 1s only 19 percent of
the amount of biogas electricity gencrated, allowing a majur portion of the
electricity for other uses on-farm 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 Charactertzation

Due to the high bilogas generation capability of poultry manure and the
importance of the poultry industry in Egypt, this application is considered
appropriate. Exhibit 5.18 shows a schematic of a poultry farm blogas cogenerator.
The application considered {s a typilecal GPC layer farm with 30,000 birds.
Biogas can be produced and used 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 1s used to generate clectricity, the generated power could be
utilized to supply the needs of the poultry operation. The quantity of elec-

tricity generated would be about 650 kwh/day.g The daily demand 1s 42 percent

of this potential electricity gencration capabllity, thus excess electricity is

9 Assuming that volatile solids production 1s 32 kg/day/1000 birds, 0.44 m3 biogas/
kg of volatile solids, biogas cnergv content of 6.2 kWh/m3 of gas and an engline/
generator efficiency of 25 percent.
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available for other application.. A gyencrator with a peak capacity of 90 Fw
could be used for electricity peneration,

A similar plant could supply the clectrical 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 farms collect manure on straw, these operation arc
not an attractive candidate for anacrobic digestion systems.lo Also, since the
manure is collected only every two months from each house, continuous digester
operation is not possible. Howcver, if manure can be collected as in the layer
operations, the 135,000 birds could generate 1840 m3/day of biogas. The quantity
of electricity generated would be about 3000 kWh/day. The daily demand is only
13 percent of the potential generation capacity. A 250 kW generator could be

used to generation electricity from Uhe biogac.

5.6.2 Economic Analysis

At $1500/kW, 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 0&1 cost is five percent of plant cos%, and a
plant life of 20 years, the corresponding cost of electricity is about $0.057/kWh.

If electricity had to be generated using diesel engines, the costs would

10 Generally materials that are higher in lignin (e.g. wood and crop residucs)
are poor feedstocks because the lignin protects the cellulose from bacterial
attack. See: Pfeffer, J.T. (1978) Biological Conversion of Crop Residues to
Methane. 1In: Proceedings of the Second Annual Symposium on Fuels fron
Biomass, Troy, N.Y. June 20-22 1478,



be substantially higher. Additionallv, the 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 Application Characterization

Photovoltaics, wind and photovoltaic/wind hybrids are often ideal sources
of powver for remote communication svstems. The communications applications
discussed in Section 3.0 are frequently sited in remote inaccessible location
(e.g., mountain teps) where the maintenance-free characteristics and dependa-
bility of the rencwable energy technolopics make them ideally suited to power
these applications.

Egypt has clearly recognizcd the advantage of PV stand-alone systems for
poweling remote communication systems and several are to be installed in Egypt.
As discussed in Section 3.4, the PV-powered communication systems in Eygpt
range in size from 150 W to 800 V jpower demand. Encergy 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 regions where wind enevgy is high at night, a
PV/vind hybrid can result in a systoem with lower battery storage needs when
compared to a PV or wind-only systom. Furthermore, since there are two power
sources, system reliability and energy availability becomes much higher.

Studies conducted in the U.S. 1! have shown that PV/wind hybrids with one day of
storage could provide power as reliably as a PV or wind only system with 3-5

days of storage.

llsee: cabraal and Pena (1984) on. cit. Also sce 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.



5.7.2 Economic Analysis

Variation in electricity cost with daily electricity demand for low energy
demand applications are shown in Exhibit 5.19. The energy supply technologies
considered are PV, wind and dicsel generators. The cost assunptions used in
this analysis are the same as in txhibit 5.4, except for the following: Near-
térm (1985-1990) PV module cost - STO/Wps mid=term (1990-1995) PV module cost -
$2.50/Wp; labor cost for maintaining the diesel generators = $10/hour. A higher
labor cost is assumed since these applications are likely to be found in remote
less accessible arcas. The wind and solar resource avallability 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 demand. TFor daily demand greater than 2
kWh and less than 30 kWh, wind systems are cheapest. In the mid-term, PV
systems provide the lowest enoergy costs for demand up to 30kWh/day; diescls
provide lower energy costs for application requiring higher enercy demand.

It should be noted that the above analysis does not take into account
the cost of fuel delivery which could be 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 Cathodiec Preotection

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. FExhibit 5.20 shows the features of a typical photovoltaic

5-36



LE-G

COST (SKWH)

EXHIBIT 5-19

ENERGY COST VS. ENERGY DEMAND
FOR LOW ENERGY DEMAND APPLICATIONS

£.00
7.00 5\
6.00 -

5.00 —
4.00 -
3.00

2.00 —|

1.00 g

{p

0.00

0.1

1 pPv-s10/Wp

0.5

o=
1
T
T
1

ENERGY DEMAND (KWH/DAY)

+ PV-$2.50/Wp

< WIND

A\ DIESEL



PV
Array

{ REGULATOR

=

1

Teup.

Sensor

Battery

_ o o DC/DC L
Circuit LﬁCONV@RTER
Breaker
| |+
***** | Anode

EXHIBIT 5-20

Well or Other
Metallic
Structure Cathode

FEATURES OF A PV-POWERED
CATHODIC PROTECTION SYSTEM

5-38



powered cathodic protection sys!

The size of the array and battory depend on the size and shape of thi
structure to be protected, resistivity of the transmission media and insalation
. Al L4 ] . |
Protection currents can ranpge from 100 mA/m= or greater for bare steel to !
for a heavily coated structure where the exposed metal surface i1s small. Foi
b I

example, a PV system generating 490 kil annually could provide protection for a
p b I3 3 | I

40 km of a well insulated 30 cii diameter pipe. Under average insolation levels

in Egypt, the PV array size would be about 200 Wp. The system would al
require a battery which provides pow:r at night and during the low insolation
periods, - A battery with aliout 5 kWh of storage would be required. Annual
protection cost is about S0.004/m of nipe surface.

Alternative power sources for cathadic protections are DC power supplics

connected to the electric grid and thermal electric powr supplies operating on
bottled gas. 1In the case of using power from the grid the controlling factor
is the cost of running subtrapnsmission 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 prid. Thermal electric power supplies have the
disadvantage that they require a regular fuel supply. Also, they have to b

highly reliable. Again the remotencss of the site may make resupplying cost

prohibitively high.,

5 eid Solar Thermal Technolaopy Uralization 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

=00




considered relatively mature and proven solar thermal equipment and 2) they are
expected to perform well in the Eeyptian environment. Converselv, the parabiolic
dish technology was not chosen for analysis because it is not as mature a
j)
technology.
Exhibit 5.21 lists the applications characterized in Section 3.64 Their
LI}
production and process temperatiure roguireienss are tabulated in Exhibit 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 the temperature requirements fell within the rang
potential economic viability for solar thermal technology applications.

We have deleted form the analysis the cigarette industry. This is

potentially a promising application which meets the requirement criteria

mentioned above as those required of a canlidate for the utilization of solar

thermal energy. Upon assessment of the U. »~style processing, w learned that

. . . . . . )
they use very little, if any, steam 4% their process uses electricity untlruly.lh

5.9.2 Economic Analysis

For the economic analysis hoerein described we have chosan for our test

case the application of evacuated tube, flat plate, parabolic trough solar

collector and flat plate/parabali: trough hybrid technology to moderate

temperature industrial thermal processes Since this is only a preliminarw

screening of technology/applications it is sufficient to analyze selected loads

and temperatures so as to preview what paramcters 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 cconomics of the aforementioned

12 Allen, P. R.J. Reynolds Tobacco Comapny. Personnel Communication, August 1985,
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Exhiblt+ 5.21

TEMPERATURE REQUIREMENTS AND PRODUCTION OF PRIORITY
AGRICULTURAL AND INDUSTRIAL PROCESS INDUSTRIES
FOR APPLICATION OF SOLAR THERMAL TECHNOLOGY

Thermal Energy
Consumption

Agriculture/lIndustrial Process Heat Terperature 81/82 86/87 Units % Increase
Product Requirement 6
soap manufaciure saponification 00
6.3 7.0 3 26
finishing 65
.-l“ hvAraeroanatad ~11 S e e s oot nl
= production
7.40 1331 10124 76
hydrogenation 130
Pharmaceuticals autoclave reacting 120 =
9.5 20.6 i0l2y 117
vacuum drying 130
food canning blanching <10)
brining 70 1.47 1.68 1013y 12.5
retorting 130
malt beverages cooking 100
bottle washing 120 .25 1.60 1013y 28

brew kettle 100




EXHIBIT
Summary of Performance
Solar Thermal Technologies

Appl

and Economic Data for
Led to Industrial Processes

INITS (b) (c) (d) &) (f)

COLLECTOR TYPE 1 | FLAT  FLAT EVAC EVAC  PARA  PARA  PARAST HYSTEAM

TENPERATURE OF PRUCESS I DEEC | 70 7 % 70 90 TR 20 (RN 30

PROCESS LOAD (a) | BJ/YR | 14454 14454 145 [AASA 14454 14ASA  14AS5A 14454
| |

ENERGY PRODUCED | BJ/YR | 6793  E504  EBES  66AS 7805 7732 8250 7615
| |

COLLECTOR EFFICIENCY | WM/C 1 0.76  0.76 G 0.8 0.72 072 072 ___

F FACTOR INITLESS|  0.47  0.45 0.47 0,455 0.54 0,535 052

AREA OF COLLECTORS | K| 2500 B0 2%, 2500 2500 2500 3300 3294
| 1

INSTALLED PRICE OF COLLECTOR | $/M2 | 370 370 AlL 418 500 500 500 489.5

DISCOUNT RATE (%) | 2 A | R 10 10 I 10 10 10 10 10

LIFE (YEARS) | YEARS | 10 10 1 10 0 10 10 10
| i

CAPITAL COST | US'$ | 927500 927500 1045000 1045000 1250000 1250000 1650000 1612413

OPERATION & MAINTENINCE X | % | 1.5 1.5 L5 L5 3 3 3 3

OPERATION & MAINTENANCE | US'$ 113912.5 13912.5 15675 15675 37500 37500 49500 48372, 3

ANNUALIZED CAPITAL COST | US$ [150946. 150946, 170068, 170068, 203431, 203431, 268529, 2624l

TOTAL ANNUAL COST | US $ [164856. 164B56, 185743, 185743, 240931, 240931. 316029, 310785,
| |

COST OF ENERGY | $/6J | 2427 2535 2106 21.79 30.87 31.16 38.55 40.81

COST OF ENERGY | $/XW-HRI 0,087 0.091 0.097 0,100 0.111 0.112 0.139 0.147

COST OF ENERGY IN TERMS OF #6 | $/BBL | 160,96 160.12 179.4° 184,29 204,74 206.67 255.68 270,69
FUEL 0IL | |

HE R F R R R F R R E LA SRR R A, SEER R PR R R R TR RN R B R R0

(a)

(b) FLAT—Flat plate collector, all information obtaired froa
Mathew Curgin, Novan Energy Inc., Boulder Cf, personal
comunication, August, 1985,

for all the analyses we used a 3.3 GJ/hr load over a 4380 hour year.

(c) EVAC—Evacuated tube collector, all inforuation obtained frou
Bill Idon, Joule Sclartron Inc., Orange NJ, personal
communication, August, 1985,

(d) PARA—Parabolic Trough collector, all inforuation obtained frou
Ed Schmidt, Alpha Solarco Inc., Spartanburg, 5C, persoral
comunication, August, 1985.

(e) PARAST—Parabolic system for gemerating steaw 1s detailed and
referenced in 5.10.2 and Appendix D,

(f)  HYSTERM—The Flat Plate/Parabolic Trough hybrid for generc ing

steaw combined references B and D and those used in E.




FERIBIT 5,208

PROJECTTONS OF SOLAR THERMAL ENERGY
CONTS I8N 1990

NITS 19% 1990 1990 1990

ARNUALTZED CAPITAL COST
TOTAL ANRUAL COST

US $ 1105179, 1116025, 1159554, 1279608,
US $  HLI7173. 1129743, 1188966, 1331387,
. | ! f I
COST OF ENERGY PoS/6) 1 17,65 1 16.83 1 20.82 | 38.26
COST OF EMERGY PAAM-HRE 00062 1 0,088 1 0,075 1 0.138
B R O O O 1 0 L R A H EE EEEHE

COLLECTOR TYPE | I FLAT | EVRC | PARA | PARNST |
TEMPERATURE OF PROCESS | DEGC | 70 i 7G| I 1361
PROCESS LOAD (a) PEITR 1T 14454 | 14454 1 1MS4 | 14454 |
I f ! ! ! I

ENERGY PRODUCED FBINR 1 6931 €865 1 %077 1 8662 |
I i ! i I {

FReUL (TEST SLOPE) PAUR/C T 4,323 La b 0595t 0,995 |
FRETAURALPHA (TEST INTERTEFT) JUHITLESS! 0,769 | 0.6 1 0761 076 |
F FACTCR WAHTLESST 0047 | 0475 | —— | =m0 |
RRER OF COLLECTORS OB 1 280 1 2500 0 25011 3300 |
I I ! I f |

INSTALLEL PRICE OF COLLECTOR | s/12 | 320 1 355 392 | 5el !
DISCOONT RATE (%) Iz ! 10 1 10 101 10 4
LIFE (YEARS) I YERRS ) 151 151 10 4 10 1
[ | [ | ! !

CAPITAL COST v US 81 BOOCOO | BBZ500 | 980392 11719300 |
OPERATION & MAINTEMANCE x X ! 1.5 1 .51 31 31
OPERATION & KAINTENANCE FUS S 1 12000 113237.5 129411.7 | 51578 |
! I

! |

| [

I

i



COST BRSES FOR SOLAR TECHNOLOGIES
FHEHH IR
(a) 1990-(d)  (b) 19%0-(e) (c) 1990-(f) (c) 1990-(f)
UNITS FLAT  FLAT  EVAC  EVAC  PARA  PARA PARAST PARAST

OPER, & WAINTENTACE

TEMP. OF PROCESS | deg C | 70 70 70 70 % X 130 130 |
PROCESS LOAD I BJ/HR | 3.3 3.3 (138 3.3 3.3 3.3 3.3 3.3 |
COLLECTOR SIZE | M2 | 2500 2500 2500 2500 2500 2500 2300 3300 |
I | I

COST OF CONTROLS | | US$ | 5000 5000 5000 5000 16665 16665 30000 30000 |
COST OF COLLECTORS | US $ | 422000 295400 540000 378000 675000 405000 890000 534000 |
BALANCE OF EQUIP. | US$ | 8000 8000 6000  BOOO 16665 16665 25000 25000 |
ENGINEERING I'US'$ | 20000 20000 20000 20000 66660 6EEED 66660 66660 |
INSTALLATION I'US $ | 472000 472000 472000 472000 475000 475000 649000 649000 |
| I I

TOTAL CAPITAL I'US $ | 927000 B00400 1045000 BB3000 1250000 979330 1650000 1304660 |
INSTALLED COST [ sm2 | 371 320 416 353 500 392 260 a2l |
I'US'$ | 13900 13900 15700 15700 2700 37500 44000 44000 |

I

(a) Mathew Curgin, Novan Energy Coapany, Boulder, Colorado
August 9, 1985, quote by telephone, uninstailed price of
collector—$169/m2

(b) Bill Idon, Joule Solartron, Orange, New Jersey,
August 12,1985, quote by telephone, uninstalled price of
collector--$215/m2

() Don Duffy, Acurex Solar Company, Mountain View, California,
August 21, 1985, quote by telephone, uninstalled price of
collector--$270/w2, steam application

(d) DOE projection, 30% capital cost reduction of collectors
personal comunication, A. Cabraal, Meridian Corporation,
August 23, 1985,

(e) DOE projection, 30% capital cost reduction of collectors
_personal comwunication, A. Cabraal, Meridian Corporation,
fugust 23, 1985,

() DOE projection, 40% capital cost reduction, 5% efficiency

increase, personal comsunication, A. Cabraal, Heridian Corporation,

August 23, 1985,
!illii!*Iilll{ilfiliii!!}ll!illlfllli!li*!i!!ll!lliliiIiIl!l}Iiiii!llillliililif!iiillllll!!ll

f!llli!iliiliiii*i*il!!!i!li{liil+illiillI!iiliilI!Iilliiiliillll!lil{lll!i!ii!li!illli!ll*ill




technologies in various industrial appllications. Each column of data 1s derived
from an independent analysis performed for a pglven set of input data. For
example, an analysis was periormed ror flat plate collectors applied to a
process requiring 70°C and 3.3 GCI/0Lr In thormal euergy.

Since the process loads are quite large for some of the technologles,
l1.e, flat plar and evacoated tube, and because we tried to maximize the fract lon
which solar energy could contribute to the total load, we opted for a rather
large svstem for each analysis.  Beeause the objective of this analysis 1s
comparing economics, we standardized the configuration sfze at 2500 m?. For all
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 i{s shown
In Exhibit 5.23.

The first six analyses of Exhibit 5.22 were done for flat plate, evacuated
tube and parabolic troughs applied to 70° and 90° processing requiring 3.3
GJ/hr. The difference in collector efficiency accounts for the variation in
energy production (alse the parabolic system tracks the sun thus receiving more
sclar energy per unit area per dav). From the table it is clear that the least
expensive energy is that produced by a flat plate system for a 70°C process.

The steam calculation required a multi-level analvsls which included not
only computing the energy and mass {lows of a solar steam system but also
selecting the appropriate configuration. Exhibits 5.24 and 5.25 1llustrate the
two basic solar steam system designs.

In an unfired-boiler steam svstem Exhiblit 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 bofler vaporfzes 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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Data from a Computer-derived

Calculation of Solar Encrgy

Output from a Flat Plate
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to the industrial process. As the steam 1s gencrated, additional condensate is
supplied to the boiler. The hot condensate {s assumed to be saturated. Steam
generation is a latent-heat process; therefore, no temperature change occurs

on the water side of the boiler. HBecause heat is belng transferred {rom tie
collector loop fluid to the water, the flufd in the collector loop must alwavs
exceed the steam saturation temperaturela.

The unfired-boiler unit is a system which is advantapgeous in that it is
generally the most reliable technology i{.e., it requires less malntenance. 1ts
disadvantages are that 1) it uses additional equipment (e.g. heat e.changer)
and thereby 1s more costly and 2) the worklng fluids are normally toxic thus
preventing thelr use in areas which process food.ld

The design which competes with the unfired-boiler i{s the Flash Steam
System (shown in Exhibit 5.25). 1In a flash steam solar system, pressurized
water is cirzulated through the collector fileld and flashed to a low-qualirtv
steam across a throttling valve into a flash, or separator, tank. Flashingy is
a counstant enthalpy process that converts the sensible heat of the water into a
two-phase mixture of saturated wuter and saturated steam at conditions prevatling
in the flash tank. The stean quality (fraction of total mass flow that 1s
flashed to vapor) usually is less than 107, Steam separated in the flash tank
s fed into the plant steam distribution 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 1s a design

which 1is less costly and has greater range In its application. This is

L4 Kutscher, C. et al. (1982) Design Approaches for Solar Industrial Process
Heat System, SERI.

15 Corbin, P. Lockwood Greene, Tnr. Personal Communication, August, 1985
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particularly important in Egypt since replicability of technology factors highly
In the renewable energy technology sclection process. The results of our
analysis are summarized {n Exhiibic “.224%. The details of the calculation are
shown in Appendix D. As expected, the bigher temperature process of steam
generation is significantly more costly than the other hot water process (130°C
steam costs 25% and 527 more than Y3"C hot water produced by parabolic and flat
plate collectors respectively). Tt is noteworthy that there have been relatively
few analyses performed on solar stean productlon and as we have discovered, the
IMterature is boch limited and occasionally error-prone.

Exhibit 5.228 is a summary ot data similar to that presented in Exhibit
5.224, which differs as a result of capital cost reductions in solar thermal
collectors projected by the U.S. Department of Fnergy (DOE) for the year 1990.
The flat plate and evacuated tube collectors are expected to decrease 307 in
price, whereas the parabolic trough system should experience a 40% price reduction
and a 5% efficiency Increase by 1990.15 Input data used in the economic analyvses
are shown In Exhibit 5.22C.

The preceeding analysis should be regarded as onlv preliminary and
approximate and should only be used in a comparative sense. Major cost changes
will result from such factors as Fgyptian labor costs, shipping expenses,
location changes (i.e., place other than Cairo West), etc. The process
temperatures chosen reflect typical industrial temperatures in Egypt (e.g. food
canning) and were used to present a realistic perspective.

We performed a preliminary analyvsis on a hybrid parabolic trough/flat
plate steam generating system; the detalls of which are presented in Appendix

E. For simplicity we used an approach which {s based upon an assessment of the

16 por projection, National Solar Thermal Research Program, 5-year Plan,
December, 1984, via personal communication, A. Cabraal, Meridian Corporation,
August 23, 1985.



maximum amount of energy which a 111 plate array can contribute to a steam
production cycle. A schematic diayrawm of the hybrid i1s shown in Exhibit 5.26.
It is essentially a flash «vstem with a flat plate field inserted upstream of
the parabolic array. The resulting enerpy produced and collector areas were
then combined to produce the cost shown In Exhibit $.22.

This analysis shows that tie Lobrid system produces slightly more
expensive energy than the parabolic—oaly unlt. Since our analysis was not an
analytical optimization 1t is possible that these economies may change using
such an approach. A more detatled analysis of parabolic flash, parabolic
unfired-botler, flat plate/parabolic 1lash hybrid and flat plate/parabolic
unfired-boiler systems will be periormcd Ln the analyses of Task 2.2.2. One
can surmise that the optical efifcicncies of the two collectors are not
significantly different at the lowver temperatures, and this coupled with only a

moderate collector price dffferential would suggest that little, 1f any, savings

can be realized by the hybrid systom.

5.10 Solar Design Options for Building Climate Control

5.10.1 Technology/Application Option Selection

5.10.1.1 Space Heating

A primary use of domestic cncrgy in che residential sector in Egypt
consists of space heating. Currently, the energy used comes from the combustion
of liquid fuels. Habitants of the rural areas often use blomass for space
heating. However, due to the low cost of fossil and electric fuels the trend
1s toward increased consumption of commercial fuels. Urban households in their
large majority use commercial fueles.

Exhibit 5.27 presents an evaluation of the ise of both gasoil and
electricity options for space heating for Calro. The dwelling analyzed is the

same 120 m2 apartment used for the calculation of the heat loss coefficient.

H=H1
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KEAN TEMPRATURE (deg c)
TEMPERATURE REQUIRED (deg C)
TEMP, DIFFERENCE

DAYS PER HONTH

HEAT LOSS COEFF, (W/deg C-H2)
DEGREE DAYS

DRELLING NREA (M2)

AREA FRACTION

TIKE FRACTION

TOTAL HEATING LORD {(KW-HRth)

BASOIL HEARTING

HEATING EFFICIENCY

JAN

13.2

18

4,8

3

4.15

157.7

120

0.29

0,33

14.2

18

3.8

28

4.15

115.7

120

0.25

0,23

AR PR
16.6  20.2
18 14
1.4 0
31 30
4,13 4,15
69.9 14.8
120 120
0.25 0,23

0,31 0.23

153.49 114,08 £8.924 14.593

0.35

0.35

0,35 0.35

BROSS ENERGY CONSUMP, (KW-HR/MO)444.28 323,95 196.92 41,695

GASOIL CONSUMPTION (TONNE/MONTHI0.0374 0.0274 0,0166 0.0035

ELECTRIC HERTING

EXHIBIT &.27

EVALUATION Of THE GNSOTL AND ELECTRIC OPTIONS FOR SPACE HEATING

MAY  JN
24,2 26,7

18 18

0 0

3 30
4,15 415
L3 0.2
120 120
0.2 0.25
0.33  0.33

1.2818 0.1972

0.35 0,33

3.6624 0,5634

0, 0003 0. 0000

BROSS ENERGY CONSUMP. (KW-HR/MO. 133.49 114,08 68,924 14,593 1.2818 0.1972

ELECTRIC. CONSUMP. (KN-HR/MONTH) 172.77 {26.76 76.582 16.c214

14242 0,219

JuL

28.¢

18

31

4,15

120

0.25

0.33

0.35

0

0

0

0

3

4,13

0

120

0.25

0,33

4,13

0.2

120

0.25

0.33

ocT

5,15

120

0.23

0,33

NOV  DEC TOTAL

30

4,15

19.6

120

0.25

0.33

109 489.¢

120

0.5

0.33

0 0.1972 1.1832 19.326 107.47 482.7¢

0.35

0.35

0.35

0.39

0.35

0 0.5634 3,3807 55.218 307,08 1379, 3

00,0000 0,0002 0.0046 0.0258 (. 1162

0 0.1972 1.1832 19.326 107.47 462.76

00,2191 1,3147 21,473 119,42 53

0. 40



Using the monthly degree-days derived carlier and assuming that one 30m2 room
{s leated for 8 hours per day we are able to calculate a typical heating load.
Taking the efficifency of a pasoil heater as 35 percent, the gross encergy
consumption can be derived and is equivalent to a consumption of .12 Tonnes/year,
per household. The analysis for the electric heating option is based on an
electric resistance efflciency of 90 pereent (10 percent radlation loss through
windows). This results in an annual electriely consumption of 536 EW-hr/yr.

A solar space heating systenm was evaluated to check fts applicability {n
Egypt. the system defined to meet the typlcal dwelling load conslsts of 3m? of
alr or water panels. The model Incorporates the heating load method used to
calculate space heating requirements. The solar fraction is calculated using
the SLR correlatlon method which {s 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 1s the hybrid
solar hot water/space heating arrangement. Such a system will consist of a
water heating system operating at a basc load condition. The system would be
oversized probably by 20 to 40 percent and will have a secondary heat transfer
loop from the hot water tank to the roowm to be 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 will be cheaper than having two different
water and space heating conflgurations. Its technical feasibility and its

effectiveness in meeting the two heating needs need to be investigated further.

s
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FEAN TEMPERATURE (deq c)
TERPERATURE REQUIRED (deg C)
TEFD, DIFFERENCE

DAYS PER MONTH

HEAT LOSS COEFF. (W/deg C-M2)
DEGREE DAYS

DVELLING ARER (M2)

AREA FRACTION

TIME FRACTION

JAN

13.2

18.2

0

3t

4.15

157.7

120

0.25

0.33

EXHIBIT S.28

EVALUATION OF THE SOLAR OPTION FOR SPACE HEATING

FEB  MAR  APR  MAY  JIN JUWL AG  SEP

14,2 16,6 20.2 o4.2 6.7 28.2 27.8 5.4
18,3 18,3 18.3 18,3 18.3 183 18,3 18.3
0 ¢ L9 59 84 99 95 Ul
2 3l 30 31 30 31 3 30

15 415 415 415 415 415 415 &S

13,7 €699 148 1.3 0.2 0 0 0.z

120 1200 120 120 120 120 120 120
0.5 0.25 0.5 0.25 0.2%5 0.25 0.25 0.25

0.33 0,33 0.33 033 0.33 0.33 033 0.33

3.1

31

4,15

0.33

Nov

19.2

18.3

0.9

0.23

0.33

DEC TOTAL

14,8

18.3

0

3

4,13

109 483.¢

120

0.25

0.33

TOTAL HERTING LDAD (KW-HR/MONTH) 155,49 114,08 68.924 14,593 1.2816 0.1972 0 00,1972 1,1832 19,326 107,47 462.7%

TOTAL HEATING LOAD (MJ/MONTH)

TILTED SOLAR RAD, (MJ/M2/MONTH)

PRAEL AREA (K2)

SLR

SOLAR FRACTINN

SOLAR ENER. PROD. (MJ/MONTH)

3

2. 5691 3.9397 7.9507 25,746 420,29 2693.8

3 3 3 3 3 3 3 3

NA
0.7481 0.9100 1 ! 1 ! NA M i

3

1

3

559.79 410.70 248. 12 52.536 4.6146 0,7099 0 0 0.7099 4,2596 69.574 286.92 1737.9

479.4 S42.1 B57.6 €20 646.5 €37.5 EB7.€ T08.4 695 679.3 586.9 S531.1 T477.4

3

NA 2936.8 478,41 25,306 4.1178

10,9221

418,79 373,75 248,12 52.536 4. 6146 0.7099 0 0 0.7099 4.2596 69.574 356.81 1529.9

SOLAR ENCR. PROD. (KW-HR/MONTH) 116,33 103,82 68.924 14,593 1.2818 0.1972 e 0 0.1972 1.1832 19,326 93. 116 424,97

ELECTRIC LOAD

43.517 11,402 0 0 0 0 0 0 0

L".
I
(W]
(]

0

0 9.c909 64.21!



>-10.1.2  Space Cooling

Space cooling due to {ts hipgh cost Is stil]l consldered a luxury in Egvpt.
Cooling is required for at least Y wmouths of the year. FExhibit 5.29 presents
an evaluation of the use of an air conditioner in the typical Egyptian dwelling.
The COP 1is taken to be equal to 1.3 (data from Egyptian manufacturers). The
alr conditioner is slzed at 2.2 kW in order to meet the peak design load.
Results indicate that energy consumptlion will be approximately 285 kWh electric
for a base temperature of 25°C.

The other solar option for climatization is the intorudction of passive
designs in new bullding designs, and the retrofitting of existing bulldings
with selected passive solutions. Three low-cost appropriate passive solutions
have been selected fcr evaluation under Egvptian conditions. These are: a)
window overhangs, b) low emisgsivity plass and reflective film, and ¢) roof
ponds. The analysis assoclated with vach of the technologies is long and
tedious. They are presented separitely in Appendices F, G, and H.

Exhibit 5.30 presents a summary of the results for overhang analysis.
Results indicate that during the summer months (May-September) solar radiation
absorbed is reduced by 18.6 percent vhile winter solar absorptlion stays constant.

Exhibit 5.31 presents a summary of the roof pond analysis. The descrihed
pond has an area of 20 w2 and a depth or 15 cm. It is situated on the roof of a
building and operated in a cooling mode, 1.e., with insulation cover during the
day. Results indicated that the pond cculd dissipate 76 percent of the nighttime
cooling load (assumed to be equal to 400 of the total load).

Exhibit 5.32 presents a summary of the analysis of the effect of using
low emissivity glass or a thin reflective film. The specific example given 1s
a new kind of green colored, low emlssivity glass. Based on 1ts high solar

rejection, it is able to keep out 75 percent of the incoming solar radfation.
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JAN
FEAN TEMPERATURE (deg c) 13.2
TEMPERATURE REQUIRED (deg C) e
TERP. DIFFERENCE 0
DAYS PER KONTH 31
HEAT LOSS COEFF, (W/deg C-M2) 4,15
DEGREE DAYS 0.5
DWELLING ARER (K2) 120
AREA FRACTION 0.25
TIKE FRACTION 0.5

TOTAL COOLING LOAD (KW-HR/MONTH) 0,747

THEORETICAL CoP 0
PRACTICAL COP 1.8
AIR CONDITIONER RATING (KiWth) e.2
RIR CONDIT, COOL. (KK-HR/KONTH) 0.747
ADDIT. A.C. MEED (KW-HR/MOMTH) 0

A. C, ELEC. CCNSUM. (KW-HR/HONTH} 0. 415

EXHIBIT 5.29

25 ] 25

0 0 0

c8 o 30
410 415 415
0.4 1 4
120 10 120

0,25 0.2% 0.89
0.5 0.5 0.5

0.3976 1.6434  5.976
0 0 0

1.8 16 1.8
g2 ee Al

24,2 26,7 28.2 27.8 25.4
< 5 .

¢ es 3 25 23
G 1.7 d.2 2.8 0.4
3! 30 31 3 30
A10 419 A1S 4015 A1
2.4 64,1 1039 9.3 359

120 120 120 120 120
0.5 0.5 0.5 0.25 0.25
0.% WS 0.5 0.5 0.5

37,947 95,765 155, 2¢ 137.89 53.634
0 175,29 93.125 106. 42 745

1.8 1.8 1.8 1.8 1.8
.2 2.2 e.e 2.2 2.2

23, 4
]
0
31
4,15
13.7

120
0.3

0.5
20, 467
0

1.8
2.2

0.5976 1.643% 5,976 37,947 95.765 155,22 137.89 53,634 20,467

0 0 0

¢ 0 0 ¢ 0

0

0.3%¢ 0.91%  3.32 21.082 53.203 86,237 76.609 29,797 11.371

120
0.25
0.5

DEC TOTAL

1e0
(.25

0.5

0. 4482 512,99

0

1.8

2.2
0.4482 512.59
0 0
0.249 284,77



EXHIBIT 5,30

PERFORMANCE OF OVERHANG TYPE H

‘ JAN FEB KR APR MY JW JW AUG  SEPT OCT NV DEC
TYPE H‘ X/H=.375' Y/H=.5 e e Ty e gy
AR R LR R |
!
KONTHLY SOCAR ABSORBED  MJ/M2/MO | 327 308 edz 221 188 194 195 211 258 33i 325 329
HITHOUT AN OVERHANG |
!
FONTHLY ABSJRBED WITH HIJH2/M0 | 327 308 260 170 145 168 162 156 218 326 325 329
OVERHANG H [
]
PERCENT DIFFERENCE, HONTHLY I 0.00 0.00 -7.80 -22.08 -22.87 ~12.04 -16.92 -26.07 -15.50 ~1.51 0.00 0.00
_‘—~—‘—-—_—"_—:=:=:_~——_:=:::::==::'=::.:::::::::::'::.’7:::'—-:::L::=_~_—"==~’ === —— ettt o b
SUER KONTH DIFFERENCE (%) 1-18, 60
===z z== SRS ESSCCCooISIIEoInmISnIsToIosIsoosssooommsoozooooos SEETSSSESTSoSoEEISTSIoomssSasmosoros
HINTER HONTH DIFFERENCE (¥} I -0.31

P R R P R R R R R R R N R AN B e B FE 1) B b R R R R F A R R R S F RSN F L R R R 12



EFFECT OF ROOF POND

REF. DEGREE DAY TEMRCRATURE
DEG COOLING DAYS FOR JULY
BUILDING HT. LOSS COFFE.
BUILDING FLOOR AREN
DAYS/MONTH

COOLING LOARD

R R S R R O R I R T 3 R T U O A

|
I
|
{
!
|
I
f
!
I
MONTHLY COOLING L0OAD !
DARILY COOLING LOAD I
I

f

!

|

!

]

!

f

I

NIGH T TIME COOLING LOAL (40%)
DAYTIME COOLING LOADL (L0%)
LR RS T TR R R B R R I IO R S

AREA OF ROOF FOND
DEFTH OF ROOF FOND

HEART DISSIFATED AT NIGHT
TOT. HT. DISSIFATED AT NIGHTI
I
NIGHTTIME COOLING LOAD !
|
% OF COOLING LOAD SAVED |

LR R R SRR S S LR R R R E R R R L R R TE R R R SR R VEE VR RV IV
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ON COOLING LOARD

UNITS

W/mz/C
M
DAYS /MO

GJ/MO
MJ /DAY

MJ/DRY
MJ /DAY
R E T !

I

M
M
W/Mz
MJ/HR
MJ/HR

%

[
!
|
I
I
I
I
|
|
!
]
!
|
|
|
!
I
!
]
I
|
|
|
|
f

HO
i

103.9
4,15
120

31

4,471
144, 2

a97.7

86.5
W, AWK NN

6. 01

0. 76



EXHIBIT 5. 3¢

EFFECT OF REFLECTIVE FILM ON ABSORBED SOLAR RADIATION

MATERIAL—SOUTHWALL CORPORATION HM-55 WITH
GREEN COVER

SHADINE COEFFICIENT--0,28
VISIBLE TRANSHISSION—40%
UNIT THICKRESS--3. B1CH

SOLAR REJECTION--0.754
PR EEE R R RN
JAN  FEB MAR  APR MAY  JUN  JUL AUE  SEPT  OCT NV DEC

!
HONTHLY SOLAR ABSORBED  MI/M2/M0 | 327 308 28> 221 188 191 195 211 238 331 s 328
BITHOUT ANY COATING I

HONTHLY ABSORBED WITH  MI/M2/MO | 80.6 75.9 69.5 S4.5 46,3 47,1 48 92 6i.6  BL.6 801 81

f
|
H4-55 CORTING f
|

PERCENT DIFFERENCE, HONTHLY I -75.4 -75.4 =754 -75.3 -75,4 -75,3 -75.4 -75.4 -75.3 -73.3 -79.¢ -75.3
B R R E b e A S F R R R R N R A R R I R R T £ H R
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5.10.2 Economic Analyeis

5.10.2.1 Economic 4291V51E_IQIMSﬂﬂﬁﬁmﬁfﬁﬁiﬂﬁ

The ability of any colar techeology to compete in the market place s a
function of 1ts price compared to alternative energy systems. Exhiblit 5.33
displays the economics of using pesoll or electric heaters in order to meet
space heating energy requirements. The analvsis is based on a capital cost of
$50 and $70 respectively for the pasoll and electric heaters, and an operatlon

%

and maintenance cost of 5% of capttal cost. Results indicate that gasoll system
annualized cost 1is $0.03/kWh and eclectric system costs 1s 50.08/kWh. Thus,
electrlc systems are more expensive on a life cycle cost basis. Their expanding
use in Egypt is due to the subsidized price of electricity and ther ease of use.
Solar space heatlng economic ecvaluation is presented 1n Exhibit 5.34.
Cost of installed solar panels is taken to be $22/m2 and cperation and maintenance
cost assumed to be 2 percent. Results of the evaluation indicate a price of
$0.30/kWh on a life cycle basis. This result can be expected due to the short
duration of the heating season and Cairo's mile climate. Clearly, solar space

heating is not economical 1in Egypt tnday.

“.10.2.2 Economic Analysis for Space Cooling

It is difficult to evaluate the economics of using an alr conditioner
since slzes, usage patterns and start up temperatures vary significantly among
users. Nevertheless, an analysis vas performed using the typical dwelling
cocling load. The air conditloner {s taken to cost $300/kW and is sized at 2.2
kW. Life 1s assumed to be 5 years besed on a manufacturer estimates. Exhibit
5.35 presents the economic evaluation cf the air conditioner. Results Iindicate
that cooling cost for home users is $0.39/kith 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 conditlonings costs. Low emissivity glass
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ECONOMIC EVALUATION OF GASOIL OFTIONS

GROSS ENERGY CONSUNET IO

Rl O D HR I 2 O S 28 O R TR S g e

GASOIL FQNSUMWTIUM, (VU—HPth/YR) 1379. 3
FRICE OF GAS (JII_, RGN 5. 88
DISCOUNT RATE %) 10
LIFE (YEAREH 10
YEARLY FUEL LObI, C4 /YR 29, &0
CAFPITAL COST, (49 50
OFERATION AND MATHTENANCE, S% e D
ANNURL CAFITAL CO%S1, (%9 8.14
TOTAL ANNUAL COST, h) 39. 82
COST OF ENERGY, ($/KW-HRth) Q. 0239
ECONOMIC EVALUATION OF ELECTRIC OFTIONS

GROSS EMERGY CONSUIMT ION

R ok I IR R S IR T U T S TR T

ELECTRIC CONSUMPT 1O, (KW-HR/YR) S36. 4
FRICE OF ELECTRICITY, (4%/HM~-HRe) 0. 05
DISCOUNT RATE (%) 10
LIFE (YERRS) 10
YEARLY FUEL C0OST, S/YR) ok, 8
CARITAL COST, (%) ‘ 70
OFERARTION AND MAINTENANCE, 5% 3.9
ANMURL CAFITAL COST, (49 11.39
TOTAL ANNUAL COST, ) 41.71
COST OF ENERGY, (%/HKW-HRe) 0.078



EXHIERIT S. 24

ECONOMIC EVALUATION OF SCLAR SFACE HEATING

FANEL AREA, MZ 3
SOLAR ENERGY FRODUCED, (MJ/YEAR) 1529.9
S0LAR ENERGY PRODUMDY, (MW-HR/YEAR: ' 424,37
PANEL COST, (4%/M3) 236,81
DISCOUNT RATE (%) 10
LIFE (YERARS) 10
CAFRITAL COST, (%) 710,43
OFERATION AND MAINTENMAMNCE, &+ 14,21
ANNUAL CAFITAL COST, (%) 115. 62
TOTAL ANNUAL COST, (¢4 123.87
COST 0OF ENERGY, (4%/Hk-HR) ' Q. 305
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EXHIBIT .35

ECONCMIC EVALUATION OF AIR CONDITIONERS

TOT. CODLING LOAD, (KW-HR/YR) | 512,59
A.C. ELECTRICITY CONSUMED, (KW-HR/YR) | o84, 77

|
FRICE OF ELECTRICITY., (%/KW-HR) | 0. 05
kR R R R T O L T O O O TS TSNS VI Y U T N SO W VA "2 HE SRS SRt VIRt Vgt VAgE Vo Vi ) |

|
DISCOUNT RATE (%) | 1u
FRODUCT LIFE, (YEHRS) | S
T T R I T T T T S T AT T NI LT AT NI AL N T ImITim mrAT e e me e i

|
ELECTRICITY COST, (4%/YFR) | 14,24
CAFITAL COST, (%) I E60
DFERATION & MAINTENANCE, (&%) I 15.2
ANNUAL CARITAL COST, ($£/YR) | 174,11
TOTAL ANNUAL COET, ($/YR) | o201, 54

!

I

COST OF ENERGY, COOLING, (%/KW-=HR)
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E<hitit 5.

COMPARISON OF PASSIVE OPTIONS

Low e Overhang Pond Thin Film
glass
Area 3.6 m2 ——— 20m 2 3.6rn2
Cap Cost 107.64/m 2 $50 $161.44 m2 32,32 m 2
Energy Savings 786.4 MJ/m2 194 MJ/m2 6668.4 MJ 2831.1 MJ
(summer months) 2831.1 MJ 698.4 MJ
May-Sept
Cost of Cooling $0.137/MJ $0.07/MJ $0.48/MJ $0.041/MJ
$0.49/KWH $0.26/KWH $1.74/KWH $0.15/KWH
2 .2
(1) based on $15/ft ($161.25/m™ )
2 2
(2) based on $10/ft ($107.50/m™ )

(3) based on $3/f+2

wn

>
($32.25/m )
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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 be accurate at this level of analysis. Based on the uncertainty
regarding the cocling load and the interactlon of solar heat gain and cooling
reduirements, 1t has been impossible to reallstically model even the stereotyplcal
dwelling. Due to the state of the art of the passive solar field, it 1is only
pussible to seriously analyze these optlions through the use of hourly or daily

simulations, botl of which arce outside the scope of this preliminary analysis.

5.11 Incineration of Municipal Solid Waste for Electricity Generation

The Cairo area generates about 5270 tpd of refuse. Of this amount, only
1900 tpd is usable as an MSW incineration fuel (see section 5.4). The heat

content of typilcal MSW is 2,100-2,600 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-recelved refuse is transferred from a
receiving pit inte 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 combustlon pgases leaving the boller sections are passed through
air pollution control equipment (generally electcostatic precipitators) and
exhausted to the atmosphere through a stack. Boliler efficiency is typically 63

to 68 percent. Water wall combustors are custom designed systems and, hence,
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are only economical when large amounts of MSW are available (greater than 250
de).l7

Modular incineration is best sufted for communitles generating betwecn
50 and 250 tpd of refuse.l3 Installed systems coaslst of prefabricated pachaged
units. They are operated at sub-stoichiometric oxygen requirements by controlling
combustion air flow. Typical modular combustors (Exhibit 5.38) employ a two-
chamber deslgn. As solid waste is received, 1t is charged Into a primary
refractory-lined combustion chamber, where the sub-stalchiometric combustlon
occurs. The heat released from the resulting partial combustion is used for
endothermic volatilzation of the ining organic compounds. The combustlion
gases flow into a secondary combustion chamber where they are mixed with air
and fuel (natural gas or oil). If there Is no Immediate need for steam, hot
gases 1in the secondary chamber are cxhausted through a heat dumping stack.
Attached to the second chamber i{s the waste heat recovery bofler for generating
steam.

A currently operational water wall MSW plant 1s the Baltimore, Maryland
RESCO facility. The plant has a capacity of 2250 tpd with an average throughpur
of 1800 tpd. The facility produces steam 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 dav, 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 1bid.
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Exhibit 5.38
TYPICAL CONTROLLED AIR, MODULAR COMBUSTOR

TO STEAM
— TURBINE
GENERATOR
NORMAL EXHAUST > ~— HEAT DUMPING STACK
STEAM
SEPARATION
]
> {[ T v
7,\_. . n
‘ﬁ i | . [
LT T
N B e
w L] —3 'T_‘
o : |
© RECOVERY SECTION {D//’l\
p—
-
POLLUTION CONTROL CHAMBER A - AUTOMATIC
j /FEED (OPTIONAL)
S S S ———— i
! : g
a MAIN . i 1
L i CHAMBER = 1 LOADING DEVICE
AUTOMATIC il ! |
ASH REMOVER
(OPTIONAL)
H
7

SOURCE: The Mitre Corporation, Resource Recovery Research, Development and Demonstration Plan, U.S. DOE, Octover 1979



0L-¢

REFUSE REFUSE
——— |
1800 tpd PIT

_—

EXCESS 4 . >
STEAM 76x10"° KJ[DAY
35x10'° KJ DAY STEAM
LOSSES &
60x10"% KJ /DAY

1.71x10"" KU[KG

BOILER e

A

WATER

' ASH
450 tpd

Exhibit

55x10'° Ky /DAY

TURBINE

COOLING
TOWER

5.39

ELECTRIC QUTPUT
GENERATOR | 1440 MWhr/DAY

60 MW/
I(.52x1o‘°KJ/DAY)

21x10"° Ky /DAY

DISCHARGE
TO ATMOSPHERE

91x10" KJ/ DAY

LO3SES
03+10'% KJ/DAY

————

ENERGY BALANCE FOR BALTIMORE RESCO PLANT

* ASSUMING 4500 Btu /16 (10,441 KJ /KG) for MSW



Exhibit 5.40 shows an encryy balance for a 50 tpd modular combustion

system, the smallest system which {5 economically practical.

5.11.2 Economic Analysis

-

The plant, as configured in Exhiblt 5.37, has a capital cost of $254
million and took 18 months to constract.!? Since the average energy content of
MSW in Egypt 1is about 1600 Keal/kpy (1040 Btu/lb),zo or 687 of that used at the
RESCO facility, electrical energy output at a similar plant located in Egypt
would be about 980 MWh/day. Such a plant would require about 12 MWh/day for
operation. Hence, the net output from an 1800 tpd MSW plant in Egypt would be
about 968 MWh/day. Assuming an O0&d cost of 57 of capital cost and a 20 year
plant life, the levelized cost of clectricity I{s $.12/kWh. This is higher than
current world oil prices. However, since the RESCO bollers are oversized and
excess steam 1s wasted, capital costs are higher and electricity generation is
lower than obtainable in an optimally designed plant.

The plant, as configured In 5.38, has an estimated capital cost of §$5.7
million. The average net output from such a plant located in Egypt would be
about 40 MWh/day and the average auxiliary fuel requlirements would cost about

$250/day. Assuming an 0&M cost of 5% of capital and a 20 year life, the

levelized cost of electricity 1s $.07/KWh.

19 Signal Environmental Systems, Inc.

20 g1 Helwagi, et al., Solid Waste Management: A Comprehensive Assessment of
Problems, Planning Approach and General National Trends
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Exhibit 5.40
ENERGY BALANCE FOR A TYPICAL 50 tpd MODULAR MSW PLANT



6.0 EVALUATION CRITERIA
Eight evaluation ecriteria have been determined to assess the technology/
application options ident!ffed In Chapter 5.0 for thelr relevance to Egypt.

These criteria include:

Replicability in Egypt;

- Renewable Technology Status;

~ Renewable Resource Avallability;

=~ Government Prioritles;

- Rencwable System Iconomic 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 market 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 deplcting the current level of maturity of the various

renewable energy technologies.

6.3 Renewable Resource Avqi{gh{l&gx

Matches the technology/application option against the resource availability

in the country.
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Exhibit 6-1
RENEWABILE ENERGY TECHNOLOGIES STAGES OF DEVELOPMENT

BIOFUFLS

|

i ELECTRICITY FROM SEWAGE

ELECTRICITY FROM MSW

HYBRID SYSTEMS

L PASSIVE SOLAR
O

to

_—

PHOTOVOLTAICS
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SOLAR THERMAL

WIND

——

IMMATURE MATURING MATURE



6.4 Government Priorities

Compares the selected techuolopy/application options to the ma jor priority
areas ldentified in the GOE Flve Year Plan.  Yor purposes of this assessment,
plan priorities have been organized into two categories —- primary and secondary.

The primary priority areas have been selected and ranked on the basis of
the level of investment they received In the Five Year Plan. (See Exhibit 6.2.)
These priority areas Include, from most important to least fmportant:

(1) increased development of the industrlal sector;

(2) expansion of the electricity, petroleum, and communication support

sectors;

(3) 1increased housing availability and reconstruction, particularly in
new comnmunities;

(4) increased agricultural growth, with an emphasis on enhancing water
supply systems, accelerating land reclamation, and increasing agri-
cultural products; 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 Feagibility

Determines (1) the life cycle cost (LCC) for the renmewable technology

under consideration, and (2) the LCC for the competing conventional alternative(s).
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EXZIRIT 6.2

EVALUATION OF GOVES\MENT PRIORITIES BASED ON
PUBLIC SECTOR INVY ITMENT TARGETS (1981-87)

IRVESTMENT INVESTMENT
SECTOR RECIPIENT AGENCY (1000's of 1981/82 LE) Z TOTAL

INDUSTRY — FOOD INDUSTRY COMPANIES 7,575,000 247

— SPINNING & WEAVING &
CLOTHES Co.

— WOOD INDUSTRY CO.

- PAPER CO.

- CHEMICAL INDUSL. SECTOR CO.

- CERAMIC, PORCELAIN & POTTERY
CO.

— MINERAL INTLST. SHECTOR CO.

—= RELECTRONIC & INGIN. INDUST.
SECTOR

- MINING SECTOR CO.

SUPFORT - ELEC. AUTHORITY & 5,421,200 17
SERVICES DISTRIB. CO.
-ELECTRICITY - ELEC. PROJECTS CO.

- TRANSFORMERS & ELEC PROD. CO.

—~PETROLEUM - PETROLEUM PROD. CO. 3,415,800 11
- REFINERY & PETROL.
PROD. CO.
~ DISTRIBUTION CO.
= TRANSPORT CO.

—COMMUNICATION — NATIONAL AUTH. FOR COMM. ’ 2,065,100 6
— NATIONAL AUTH. FOR POST
— TELEPHONE EQUIPMENT CO.



..()

(W]

SECTOR

HOUSING

RECONSTRUCTION

IRRIGATION

LAND RECLAMATICHN

HEALTH

AGRICULTURE

EXHIBIT 6.2 (Cont.)

EVALUATION OF GOVERNMENT PRIORITIES BASED ON

PUBLIC SECTOR INVESTHENT TARGETS (1981-87)

RECIPIENT AGENCY

NAT. AUTH, FOR SEWAGE
HOUSING & CONSTRUC. <0.
CONSTRUC. CoO.

CEMENT CO.

BUILDING MATERIALS CO.

CONSTRUCTION L0.
READY-MMADE CLOTHES CO.

IRRIGATION CO.

RECLAMATION COMPANIES

AGRICULTURE COMPANTES

CHEMICAL & MEDICINE CO.
HEDICINE TRADE CO.

AGRICULTURAL COMPANIES
ANIMAL PRODUCTION COMPANIES
FISH PRODUCTION COMPANIES

NVESTMENT
(1000's of 1981/82 LE)

4,410,700

3,294,500

1,882,300

1,552,500

1,171,200

885,200

31,673,500

INVESTMENT

% TOTAL

14

100%
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LCC calculations include initilal capital costs, replacement costs, and operation
and maintenance costs. Fuel costs used in the analysis are based on world prices,
rather than the subsidized prices which exist in Egypt. The system cost analysis
used for this criterfon is bused on the results of the option financial analyses

performed irn Chapter 95.0.

6.6 Current Project Status in Fgypt

Reflects project activities in Egypt, either on-goling or planned, that
invalve the technolegy/application option under consideration. This inecludes
projents initlated by public, private and non-profit organizations in Egypt, as

well as by foreign and multilateral donor agencies.

6.7 lastitutional Requirements
Addresses the conditions in Egvnt for developing, implementing and managing
projects involving the specific option under consideration. Factors included in
this criterion are: (1) availablility of skilled labor; (2) avallability of local
manufacturling 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  Soctial end Environmental Tmpacts

Addresses two arcas ~- the social and environmental effects of renewable
technologies In Egypt.

Soclally, 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. Fnvironmentally, this criterion looks at
the alr, water, noise, and land pollution effects of the target option. For this
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criterion, each renewble technologw option will be judged again t both the social

and environmental impact, and a composite score developed.
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7.0 TECHNOLOGY/APPLICATION OPTIONS SELECTION

The previous chapters clhiaracterized renewable energy technologles and

applications, selected appropriate technolopy/application combinations, conducted

financial analyses of the vele i - o, ata..:. and evaluated the potential role

for renewable energy in rthe ¥ive Yoar Development Plan.  The purpose of this
section is to {integrate the information from the prior sections, and use it to

select candidates for renewable eneriv ffeld tests.

71 Field Test Candidate Selection Process Description

The selection process utilizes a multi-attribute scoring scheme to assign
single numaric value to each technolagw/application combination being evaluated.
This scheme is emploved because the options have to be evaluated using a diverse
set of qualftarive and quantitative criteria that cannot be directly measured
using a common scale (e.g. monetary vaine 5. The multi-attribute methodology
enables the explicit cenusideration and evaluation of a variety of ecoiomic and
non-economlc attributes. It also ailows incorporating the deciston-makers pre-
ferences with regard to the relative importance of the attributes and enables
techunology/application combinationg to be compared In g consistent and rational
manner. Additfonally, this technique aids in documenting the decision-making
process.

Exhibit 7.1 shows an overview of the selection process. It iacludes an

identificaticon of the role that eacl o1 the previous chapters played in providing

data for the final option selection.

7.2 Data Collection

7.2.1 Characterizatlon of Applications

Since the number of applications that could utilize renewable energy tech-

nologlies are numerous, an informil technique was used to select a subset of

applications for evaluation. The application identification process utilized
7-1
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information from the followiny sources:

o Egyptian Covernment Officlals;

o The Five Year Development Plang

o Available literature; and

o Other data.

The selected applications were characterized in terms of energy requirements,
cutput and the extent of 1ts use in Egypt. Chapter 3 documented the application

characterizations.

7.2.2 Characterization of Technologias

Renewable energy technoloples were characterized on the basis of thelr
technical status, market readiness, resource avallabllity, current status In
Egypt and worldwide, institutional requirements, socfal and environmental {mpacts,
and research and development thrusts. Characterizations were prepared for wind,
photovoltaics, high temperature solar thermal, geothermal, biomass, solar pounds
municipal solid waste, and active and passive solar. Technology characterizations

were documented in Chapter 4.0,

7.2.3 Technology/Application Options Identification

Options identification was based on the ability of the renewable energy
technology to rcasonably provide the enerpy required by the application. Reason-
ableness was defined {n terms of the ease with which the technology can provide
the type and quantity of energy desired as evidenced by similar applications
worldwide. Technology/application options {ncluded in the planned eleven field
tests were excluded from consideration.! Exhibit 5.1 in Section 5 showed the

technology/application options fdentiffed.

L py powered irrigation is the exception to this rule. It has been iIncluded at the
suggestion of Egyptian government of{icials, 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 Sclection

Each of the technologv/application options identified above were scored
against the eight evaluat{on criterfon dlscussed {n Chapter 6.0 using the following
scales.

o Replicability in teypt - Options which have a large market potential,

and a high likelihood of belny replicated in Egypt by either public or private
sector orpganizations, veceivel a hetter score than rthose with no significant
potential tor replication, as depleted below. Replicability was based on avail-
able sector data concerning (1) projected sectoral prowih as determined by the
GOE Five Year Development Plan, (2) number of facilities in the sector under

considera’ton, and (3) expected end-unit energy consumption In the sectors studied.

Low Moderate High

Replicability keplicability Replicability
. |

0 5 10

o Renewable Technology Status - Technologies which are generally ronsidered

mature and commercially proven were given a higher score in the evaluation than
those which are still Iin the rescarch and development (R&D), or demonstration

phase, as shown helow.

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 1s

only a limited or undefined resource base, as identified below.
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No undefined Moderate Good

resource base resource base resource base
0 5 10
o Government Priorities - For this criterion, each option was assigned to

one GOE primary priority sector category as specified in the Five Year Development
Plan (e.g. industry, electricity, petroleam, communications, housting, irrigation,
land reclamation, health and agriculture), as well as any secondary plan priorities
It afrected (e.g. employvment, balance of payments and l{sprovement In urban/rural
baldnce). A composite score was 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 15 shown below.

Low Contribution Moderate Contribution High Contribution
to major GOE Priorities to major GOE Priorities to major GOL Priorities
1 ] l
0 5 10

0o Renewable System Economic Feasibility - For this criterion, options

which are cheaper today than conveuntional alternatives received a higher score
than those whlch can not compete with conventional systems, even in the long

term. This is shown below.
Cheaper than

Never competitive Competitive with con- conventional

with conventional ventional Iin 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 1in Egypt ylelded a
higher score thar options which have substantial project activity, as shown

below.



Significant Moderate Limited

project activity project activity project activity
in Egypt in Epypt in Faypte

| |

| L |

0 5 10

This scoring reflects the intent of th. GOFE to identify and evaluate new
and promising renewable options for Feypt, while avolding duplication with cexisting
projects in the country.

o lﬂfﬁiﬁlﬁﬂfﬁfﬂ;ﬁfﬂﬂiﬁfﬂ?ﬂﬂﬁ - Options for which the local infrastructure
currently exists (e.g. skiiled personnel, manufacturing capability and local

Institutions) recefved a higher score than those for which the infrastructure

must be develeped, as shown helow.

Limited existing Modurate existing Well developed
infrastructure Infrastructure Infrastructure
1 o l
0 5 10

o Social and Environmgg}g}wlyQEEEE_— For this criterion, options with high

social and environmental acceptance were assigned a better score than those with

low acceptance in these areas, as seen below.

Low soclal or High social or High soclal and
environmental acceptance environmental acceptance environmental acceptance
|
| ———
0 5 10

7.3 Data Analysis

Data analysis was conducted In two phases. Phase T involved conducting a
comprehensive evaluation of the 55 technology/application options discussed in
the previous sections. A listing of the 55 options 1s provided {n Exhibit 7.2.
The result of Phase 1 is the identitication of 12 options (top 20%7) which should
be considered for further analysis ag potential fleld test candidates.

Phase II involved conducting a sccond-level analysis of the 12 candidate
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EXHIBIT 7.2

SELECTED RENEWABLE TECHNOLOGY/APPLICATION OPTIONS

CONSIDERED FOR EGYPT

APPLICATION

SECTOR

Agriculture iroller Production

TECHNOLOGY

Biogas Electric

PV

PV-Diesel Hybrid
PV-Wind-Diesel Hybrid
Wind

Wind-Diesel Hybrid
Wind-PV Hybrid

e

Biogas Electric

PV

PV=DMesel Hybrid v
PY=Wind-Diesel Hybrid

Wind

Wind-Diesel Hybrid

Wind-PV Hybrid

Blogas Electric

]!I'F

PY-Diesel Hybrid
PV-Wind-Diesel Hybrid
Wind

Wind-Diesel Hybrid
Wind-PV Hybrid

Biogas Elactric

PV

PV-Diesel Hybrid
PV-Wind-Diesel Hybrid
Wind

Wind-Diesel Hybrid
Wind-PV Hybrid

Agriculture Feadlot
hgrlrul:ur;_ S Dairy Farm 1)
Agriculture Ejﬁ;lliduc:ion
Agriculture i Irrign:i;:i__

Biogas Mechanical Puzping
PV w/Battery Pumping

PV w/o Battery Pumping
Wind Electric Pumping
Wind Mechanical Pumping

Agriculture Land Drainage

Blogas Mechanical Pumping
PV w/Battery Pumping

PV w/o Battery Pumping
Wind Electric Pumping
Wind Mechanical Pumping

Agriculture Livestock Watering

Blogas Mechanical Pumping
PV w/Battery Pumping

FV w/o Battery Pumping
Wind Electric Pumping
wind Mechanical Pumping

Cathodic Protection
Food Canning
Hydrogenated 011
Malt Beverages
Pharmaceuticals
Soap & Detergents

Industry

PV

Solar Thermal
Solar Thermal
Solar Thermal
Solar Thermal
Solar Thermal

Commercial/Instit. Bldg.
Electricity for Cities
Electricity for Cities
Electricity for Cities
Remote Communications
Residential Bldgs.

Population Support
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Active/Passive Solar
Biogas Elec. from MSW
Biogas Elec. from Sewage
MSW Ineilneration/Electric
PV

Active/Passive Solar




options resulting from Phase 1. The result of this analysis 1s the relection of
five options which are recommended to USATD and EEA as promising field test

candidates.

7.3.1 Phase 1 Analysis

7.3.1.1 Character}ggﬁipg”ofmgpfipns and Scoring

The technolagy/application options were evaluated according to the eight
evaluation criteria and Feortu, process described in Section 7.2.4.  The scoring
was subjective; it represents the evaluators' judgements as to how each technology/
application opsion rateg agalnst each of the evaluation criteria. For this
study, the evaluators included representatives from the project sponsor, 1.e., the
Egyptian Electricioy Authority (EEA)Y, and project subcontractors, i.c. Meridian
Corporation and E3T1. The technolopv/application options were scored using all

eight evaluation criteria.

7.3.1.2 Development

i Lomposite Score
A weighted summation technique was used to generate a single composite
evaluation score for each technologv /application option. The equations used to
compute the composite score are as follows.
Composite Score for a technology/application option =
WiSp 4 W2 Sy 4 wi..i. 4 Wg Sy

Where: S{ = Score on a scale of 0 to 10 for the evaluation criteria "1,

i

Wy Weight assigned to the evaluation criteria "1".
and Wy + Wy + ... +Wg = 100
This score represents a single measure of worth of the technology/application

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 kvy luation Cri teria Welpnts

A procedure known as "The Metfessel General Allocation Test” was used to
determine the set of weiphts to he used ia Lhe compos fte sccre.  This technique
asks the deciston-makers tuv distribare polnts among the varlous evaluation
factors under consideration. In (.15 case, represent ives from EEA, Meridian
Corporation and EJI assigned weiphts toralling 100 points to each of the eight
evaluation criteria discussed above. 1n asslgning a value, strict attention was
given to determining the relative tmportance of the factors being assessed. The
relative welghting 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 whici compare the individual technology/application
options to the evaluation criterfa are presented in Exhibit 7.4. As shown in
Column 9, each option has been assizned a welghted composite score which provides
a single value for use In compariu. the individual options. 1In reviewling the
scores, those options with the highest values in Column 9 are conslidered the
better candidates, on a celative scale, for possible Implementation by the GOE
on the basis of all the criteria evaluated.

Column 10 uses the welghted composite scores generated in Column 9,
to rank order the results. As evideaced, the leading applications, in descending

order, include the following:

Application Technology
Electricity for Citles Blogas Electricity [rom Sewage
Pharmaceuticals Solar Thermd
Residential Buildings Active/Fassive Solar
Hydrogenated 011 Solar Thermal
Commercial/Institutional Buildings Active/Pissive Solar
Electricity for Cities MSW Incineration/Electric
Remote Communications Photovoltaics
Soap & Detergents Solar Thermal
Irrigetion Wind Electric
Irrigation Wind Mechanical
Irrigation Biogas Mechanical Pumping
Irrigation PV without Battery
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EXHIBIT 7.3

WEIGHT SELECTION USING THE E METFESSEL GENERAL

ALL O"'A.TI()N TEST

FUALIATION

RANK CRITHRIA

1 Replicability in Egypt

2 Technology Status

3 Resource Availability

4 Government Priorities

5 Economic Feasibility

6 Current Status in Egypt

7 Institutional Requirements

8 Social/Enviroumental Impacts
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WEIGHT

25

18

15

10

10

100



SECIOR

ELECTRICITY FOR CITIES

POPULATION SUPPOKT
. INDUSTRY
" POPUCATION SUPPORT
INDUSTRY
POPULATION SUPFCRI
FOFULATION SUPPORT
FOFULATION SUPPOKT
INDUSTRY
AGF I CULTURE
AGRICULTURE

AGR[CULTURE
RERICULTURE
INDUSTRY

INDUSTRY

AGF I CULTURE
RoSICULTURE
AGF ICUL TURE

RBRICULTURE
FOPULATION SUPPORT
RERICULTURE
AGKTCULTURE
REKICULTURE
RBRICULTURE
RERITULTURE
ASRiLULTURE
AERICULTURE
INDUSTRY
AGPI’UL‘LFi
GGRIEUleEE
ABRICULTURE
ASRICULTURE
RERICULTURE
AGRICULTURE
AGRICULTURE
RGP ICULTURE
AGR [CULTURE
RERICULTURE
ABRICULTURE
AERICULTURE
ABRICULTURE
AGRICULTURE
AGRICULTURE
ALRICULTURE
HER I CULTURE
ABRICULTURE
AGRICULTURE
AGEICULTURE
AGR1CUL TURE
RGRICULTURE
AERICULTURE
REKICULTURE

ALRICUL TURE

AGEICULTURE
~1 AGRICULTURE
'lJ RGRICULTURE
s

WEIEHT -

APPLICATION

FHARMACEUTICALS
RESIDENTIAL BLDGS.
HYDROGENATED CIL
COMMERCIAL/INST]T.

REMOTE CONMUNICATIONS
SCAS 4 TEiENbENTS
IFRIGATION

InRIEAT I Gn

IRRIBATION
1ARIGATION
BEVERAGES

FOOD CANNING
IRRIGATIDN
LIVESTOCK MATERING
LIVESTOCY WATERING
CIVESTODY WATERING
DAIRY FARN
LIVESTOCK WATERING
Dn!nf FARX
IVESTOCE WATERING
‘lELIRI ITY FOR CIV1ES
DAIRY FARM

DRIRY FARM

DAIRY FARM

DAIRY FaRM

£EG PRODUCTION
ERDILER PRDDUCTION

£65 FRODUCTION
CATHOD!IC PPDIE[IIOH
bn[Rr FAR

fﬁu PROTUCTION

£6E PRODUCTION
BPOILER PRODUCTION
CRTTLE FEEDLDT
CATTLE FEEDLOT

EGB PRDDUCT!ION
CATTLE FEEDLODT

EGB PRODUCTION
ERCILER FRODUCTION
EGG PRODUCTION
BRDILER PRODUCTION
BROILER FRODUCTION
rnrtlc FEEDLOT

EREILER FRODUCTION
CATTLE FEEDLDT
LAND DEAINARE
BROILER PRODUCTION
LAND GRAINAGE

LAKD DKATNAGE

LAND DRAINAGE
CATILE FEEDLOT
CET" E FEFDLOT

1AM DRAIKAGE

BLDES.
ELECTRICITY FOR CITIES

Exhibit 7.4
RANKING OF TECHNOLOGY/APPLICATION OPTIONS BY COMPOSITE SCORE
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Applications receiving the lowest scores in the evaluation were land
drainage, egg production and cattle feedlots. Exhibits 7.5 to 7.12 present the
decafled assessment of the fndividual option evaluations for each of the elight

criteria.

7.3.2 Phase 1T Analysis

7.3.2.1 Evaluation Procedure

I; the preceding analysie, a broad-based evaluation of the potential
technology/application optlons 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 207) identified above. The purpose of this eval-
uation was to select from these 12, those options which are the best candidates
for field testing.

To conduct the Phase 11 analysis, five evaluation criteria were employed.
These are discussed below.

1. Scale of Poggptia{_ﬁipl§_?g§t and Required Budget - Projects which are
small to moderate in scale, and within the {leld test budget range of
EEA and USAID, are given a better rating than those that are large-scale

and expensive.

2. Current Pro ject Statucs in Tpvpt - Options that have recelved less

project emphasis in Hyeypt vieolded a better rating than those which have
substantial project activity.

3. Commercial Status in Epypt - Technologies which are in the demonstration

phase received a better rating than those which are commerclally operating
in Egypt today.

4. Replicability in Egypt - Optlons which have a large market potential and
a high likelihood of being replicated in Fgypt by either public or
private sector crganizations received a better rating than thouse with
no significant potential for replication. Replicability 1s based on
avallable aector data concernling: (1) projected sectoral growth as
determined by the GOE i'lve Year Development Plan, (2) number of facilities
in the sector under consideration, and (3) expected end-unir energy
consumption in the sectors studied.
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5. Resource Availabil ant Demand Mateh = Opodons for which a gosd renew-

able resource hluu Viinlw fn areas where potential renewable projects
could be consfdercd are viven a hetter rating than options for which

there 1s caly a limicted or undefined resource biase.

A qualitative assessment of the 12 options was performed, using each of
the above criteria. Evaluators 1. :odedd representatives rfrom the Egyptian
Electricity Aunthorfty, Meridfian Corporation and E31. In reviewing the evaluation
eriteria it should be noted that Criterla 2, 4, and 5 arc¢ the same as those used

{n the first stage analys to arrive at the 12 recommended options. Criteria 1
and Criteria 3* were added at the request of EEA.

The analysis resulted in three categories of field test candidates:

o Priority Field Test Candidates - Ldentifies those options which

rated h1wh¢~t when assessed apainst the five evaluation criteria.

These optlons should be considered by ESATD and EEA as the best candidates

for ficld resting under the Zenowallo Fneryy Field Testiog Project .

o Secondary Field Test Candidiates = Tdentifies those options which did
not rate as highly as the p‘lnll!\ field vtest candidate, but could be
considered ag bn<m~np opttons Yor field testing under the Renewable

Encerpy Field Testine Proie o,
) I8 R

o High Priority Candidates for Field Tes ting Under Other GOE Projects =

Tdentifies optionJ which ranked hi;hl) {n the Phase 1 dnulysis, but were
excluded for field testine under the Renewable Energy Fleld Testing
Project because oi thelr low vating for oae or wmore of the Phase 11
evaluation criteria. Although thev have been excluded here, these

options are recommended hivhly to GOB decisfon-makers as potential
candidates for activities being sponsored through otler domestic,
bilateral and/or multilateral projects.

* Criteria 3 above, Commercial Staius in Egypt, is similar in scope to the Renew-
able Technology Status Criter!a used in the Phase I analysis. However, the
scoring has been reversed. This was ne ecessary because In the Phase T analysis
a broad range of technologies were evialuated, ranging from those 1n the early
R&D stage to those which are commercially sold and operated. The 12 field rest
candidates In this phase of the anslysis are all relatively mature, and thus
need to be evaluated at a different level. The evaluators chose to eliminate
those options which are being commercially sold in the Egyptian marketplace and
focus on those that are still ia the demonstration phase.  This will provide
local Egyptian personnel with bhroader exposure to new renewable systems.
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SCORING OF TECHNOLOGY/APPLICATION OPTIONS FOR OPPORTUNITY ~OR REPLICABILITY CRITERIA

bl-L

Exhibit 7.5

OFPORTUNITY
FOR
HIGH MDDERATE LON REPLICSB.
SECTOR RPFLICATION TECHNOLOBY REPLIC. REPLIC. REPLIC. SCORE CORNENTS
RERICULTURE EROILER PRODUCTION EI0GAS ELECIRIC = - 3 Rlthoush facilities are located in electrified areas, due to power stpply
Py - = 1 2 unreliability, baciup diesel generators are used often since reliable power
FY-DIESEL HYERID = = 1 2 1s crutial dor bird survival, Biogas erergy systeas could replace diesels,
FY-WIND-DIESEL HYB. - - 1 2 Homever, high capital cost systeas such as wind or PY are nol apprepriate
] WIND ~ = I 2 &s batkup power sources. {See Section 3)
¥IND-DIESEL HYBRID - = 1 2
WIND-PV AYBAID - - 1 2
AGR1CULTURE CATTLE FEEDLOT EI06AS ELECTRIC - = 1 2 Low energy desand 15 erpected at cattle feed-lols. Feed-lots are likely
v = = I 2 to be in electrified areas
F¥-LIESEL HYERID » S 1 2
Fy-NIND-DIESEL HYB. = = H 2
KIND - - 1 2
WIND-DIESEL HYERID - - ! 2
NI¥D-PV HYBRID = = 1 i
RERICULTURE DniRY FAENM b H g : lies are neesed 2ue to midtiag and
b'e tgeration requiresents
EBG PRODU 1 5 h facilities are located 1 ¢, dle to power sunply
I 2 unrelrability, backup cresel L0rs are uses Citei o since reliihie power
L HYBRID - 1 : < Ls crucial dor bird sursival, Energy tees tould repiace diesels:
DIESEL hrB. 5 1 z 2 However, high capital cost syst P dre not appropriate
= 1 - < 2s backup power sources. 1See S M
SEL HYBRID - 1 2
HYBRiD = 1 = 2
AEKICULTURE IRFIEATION BAS MECHANICAL PUNFING H = = Bilrr on requiresents for crees are substantia ‘;"Ju?hnul Egypt
v W/ERTTER) PUNPING I - = 8 particularly 1n new cossenities teing developed ir resole areas.
FV W0 BATTERY PUNPING [ = = 8
WIND ELECTEIC PURPINS I - - g
NIND MOCHARICAL FUMPING 1 - ~ g
ILTURE LEND DRAINREE B10SAS MECHANICAL PUNPING - - 1 2 Pusping facalities are large and located in dreas rith grid power.
F¥ W/BATTERY PUNPING - - 2 Thus; replicability for decentralized renewable EUErgy systeas 15 low,
v W/0 BATTERY FURFING = = H Fy
WIND ELECTRIC PUNPING = = 1 2
KIND MECHANICAL PUMPINS - = I 2
ASRICULTURE LIVESTOCK WATERINS EI0BAS MECHAMICAL FUNPING 3 I = I Livestock water requiresents are high and decertralized renemable
PV /BATTERY PUMPING = 1 - 7 energy resources are ideal power sources.
FY W/0 BATTERY PUMPING = 1 = 1
WIND ELECTRIC PUNFING = 1 - 1
NIND MECHAMICAL FUMPINS - 1 - 1
INDUSTRY CRIRODIC PROTECTION PV - - 1 3 Pipelines above ground or nedr ?rm, replicability is low.
FDID CANMING SOLAR THERMAL - 1 - 3 Historical growth rate of 13,31/ vear expected to continge or exceed
HYDROGENATED COIL SOLAR THERAWAL - 1 - 2 Five Year Pian rowth of 771 expected Lo continue
MALT BEVERAGES SOLAR THERMAL - 1 - & Historical qrnufh rate of 1slfyear expected to rontinue or erceed
FHRARMACEUTICALS SOLAR THERMAL - I E E Erowth more than doubled in Five Year Plan period
SCAP L DETERGENTS SOLAR THERMAL = 1 - 7 Five Year Plan growth of 371 ecpected to continue
PIFULATION SUFFORT COMRERCIALZINSIIT. BLOGS, ACTIVE/PASSIVE SOLAR 1 = - € Expanding construction in tourisasservice sectors erpected
ELECTRICITY FOR CITIES 810845 ELEC. FROM MSH ! : = § Urban elec. desand 15 rapidly increasing with sigration & population growth
ELECIRICITY FOR CITIES B10545 ELEC, FROM SEMAGE 1 - - § Urban elec. desand is rapidly InCreas.ng with migration & population grosth
ELECIRICITY FOR CITIES MSW INCINERATE ELECTRIC 1 - = 3 Urban elec. desand 15 rapidly ancreas.ng with sigration & population growth
FEMDTE COMMUNICATIONS Y 1 - - B Rarkel espanding due to {he need for relrable country-=ide COverage
PESIDENTIAL BLDAS. ACTINTFASSIVE SOLAR 1 * - § 500000 new urban housing units through 2000 plus mousing developaent in
rescle tossunilies erpected.
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. Exhibit 7.6
SCORING OF TECHNOLOGY/APPLICATION OPTIONS FOR TECHNOLGGY STATUS CRITERIA

TECH-
MATURE KATURING IMNATURE NOLOGY
TECH- TECH- TECH- STRTUS
TECHNOLOGY NOLOGY NOLOEY NOLOBY SCORE CORBENTS
RCTIVE/PASSIVE SOLAR I = B 6 Technically proven but l:mited demonstration in coaeercial buildings
RCTIVE/FASSIVE SOLAR 1 - - 8 Technically proven and coasercially proven in residential applications
FOFULATION SUPPORT ELECTRICITY FOR CITIES BIOGAS ELEC. FADM MSM = - 1 2 RD stage tn the U.5. wilh no coasercial plants
ELECIRICITY FOR CITIES BIDBAS ELEC. FROM SEWAGE I - =  Technically and cosmercially proven worldwide
ELECTRICITY FOR CITIES HSW INCINERAT - - 7 Technically proven with scae comsercial applications
RGRICULTURE BROILER PRODUCTION BIDGAS ELECTRIC - I 6 Facilities of this scale for on-fara applications are in the
CATILE FEEDLOT FI06AS ELECTRIC - ! - 5 deaonsiration phase
DAIRY FARN B106AS ELECTRIC - 1 = 8
ESE FRODUCTION B106AS ELECTRIC = 1 = b : :
ABRICULTURE IFRIGATION EIDEAS MECHAMICAL PURPING = 1 5 3 Small brogas units comsercially praven, more bioges-engine eaper. reeded
LAND DRAINRGE BI0GAS MECHANICAL PUMPING = = 1 3 RAD phase for lirge scale h:oias units using anizal manure
LIVESTOCK WATERINS EI0GAS MECHANICAL PUNPING = 1 e S Swall biogas units comsercially proven, aore biogas-s=hgine erper. neeged

Agracultural applications of this scale are st;
st th Listled comsercial projects in place

11y and coswercially

proven wo
Iy and!coseercy 3

ToYen

roven with cose
this scale are

PURPIAG

Y PURFINE

~
1 INRGE
bt CF WATEFING
ORI~ e e T i e e =
RERICULTURE ERDILER FRODUCTION
CRITLE FEEDLOT
DRIRY FARM
EGG PRODUCTION
nBRICULTURE BROILER PRODUCTION 1 4 systeas are technically proven with sowe cossercial applications
CATTLE FEEDLOT - 1 - ]
DAIRY FARM PV-WIND-DIESEL HYE. —~ 1 = 4
EES PRODUCTION FV-WIND-DIESEL HYE. = I i
INGUSTRY FOOD CANMING SOLAR THERMAL = 1 = 7 Low tesperature industirial steaa applications ere technically praven
HYDROGENATED DIL SOLAR THERMAL - 1 - 7 and hive had soderate comeercial eiperience
* MALT BEVERABES SOLAR THERMAL = 1 - 7
PHARNACEUTICALS SCLAR THERmAL = 1 - 7
S04 & DETERGENTS SCLAR THERMAL - T 1
RERICULTURE BROILER PRODUCTION WIND I & Technically proven with some comsercial
CRTTLE FEEDLOT NIND - 1 - 5 Technically proven with some coamercial t
DAIRY FARM WIND = 1 = & Technically oroven with soee comaerc)al applications
EGE PEODUCTION ¥IND - 1 - & Technically proven with sose cossercial applititions
IFRIBRTION WIND ELECTEIC FUNFINE - I - & Tuhna:a!I, proven with sose comsercial applications
LAND DRAINAGE WIND ELECTRIC PUMPING = = 1 4 No facilities of this scale :n use
LIVESTOCK WATERING WIND ELECTRIC PUMPING = 1 - & Technically proven with sose commercial applications
ISFIGATION WIND MECHANICAL FUMFING 1 = = S Technically and comaercially praven worldwide
LAND DFAINAGE ¥IND MECHANICAL FUMPINS 1 = 8 Technically and cossercially proves worldwide
LIVESTOCK WATEFINS NIND MECHANICAL PUNPING 1 E = 7 Technizally and cossercially proven dwide
AGRICULTURE EROILEF PRODUCTION WIND-DIESEL WYERID - ! S Hybrid systess are techically proven mith sose cossercisl ipplications
CR1TCE FEECLOT WING-DIESEL HYPRID I 5
GRIRY FARNM WIND-DIESEL MYBRIS 1 5
[5E PRODUCTION VIND-DIESEL KYBRID I 3
REFICULTURE BROILER FROGUCTION WIND-PY HYERID - 1 5 Hybrid systess are technically proven with some cosmercial applications
CATILE FEELLOT ¥IND-PY HYERID = 1 3
¥ [AIRY FARN WIND-PY HYPRID . 1 :
: EGH PRODUCTION WIND-FV HYBRID = 1 5
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COMMERCIAL/INSTIT. BLDES.

RESIDENTIAL BLDES.

ELECTRICITY FOR CITIES
ELECIRICITY FOR CITIES
ELECTRICITY FOR CITIES

BROILER PRODUCTION
CATTLE FEEDLOT
DAIRY FARN

E56 PRODUCTION

IRFIGATION
LAKD DRAINASE
LIVESTOCK WATERING

EROILER PRODUCTION
CATTLE FEEDLOT
DAIRY FARM

EEB PRODUCTION

LIVESTOCK WATERING

BROILER PRODUCTION
CATTLE FEEDLDT
DAIRY FARM

EGS PROCUCTION

BROILER PRODUCTION
CATTLE FEEDLGT
DAISY FARM

EBE PRODUCTION

FOOD CAMKING
HYDROGENATED DIL
HALT BEVERAGES
FHARMACEUTICALS
SOAP & DETERGENTS

AGRICULTURE BROILER PRODUCTION
CATTLE FEEDLOT
DRIRY FARN

£66 PRODUCTION
IFRIGATION

LAND DRAINAGE
LIVESTOCY WATERINS
IFRIBATION

LAKD DRAIMAGE
LIVESTOCK WATERING

AEK]CULTURE

EROILER FRODUCTION
CATTLE FEEDLOT
DAIRY FARN

EEG PRODUCTION

AGRICULTURE EROILER PRODUCTION
CATILE FEEDLOT
GAIRY FARN

EG5 PRODUCTION

ACTIVE/PRSSIVE SOLAR
ACTIVE/PASSIVE SOLAR

BI0BAS ELEC. FROM MSW
BIOGAS ELEC. FRON SEWABE
HSW INCINERATE/ELECTRIC

BIOSAS ELECTRIC
EIOGAS ELECTRIC
EIDBAS ELECTRIC
BIDGAS ELECTRIC

BI0GAS MECHAKICAL PUMEING
E1DGAS XECHAKICAL PUMPING
B108AS AKICAL PURMPINS

PV-DIESEL HYRRID
FV-DIESEL HYBRID
FV-DIESEL HYERID
FV-DIESEL HYBRID

FY-MIND-DIESEL HYp,
FY-WIND-DIESEL HYB,
SV-MIND-DIESEL HYE
PY-WIND- DIESEL HWYE,

SOLAR THERMAL
SOLAR THERMAL
SOLAR THERNAL
SOLAR THERMAL
SOLAR THERMAL

NIND

WIND ELECTRIC PUMPING
NIND ELECTRIC PUNFING
WIND ELECTRIC PUMPING
WIND MECHANICAL PUMFING
WIND MECHANICAL FUMPINS

VIND MECHANICAL FUNPING

WIND-DIESEL HYBRID
NIND-DIESEL HYERID
KIND-DIESEL HYBRID
WIKD-DIESEL HYBRID

KIKD-PYV HYERID

WIND-PV HYBRID

NIND-PY HYERID
NIKD-PV HYBRID

Exhibit 7.7

RESOURCE
AVAIL-
ABILITY
SCORE

B Hi
B Hi

B Ex

gh solar insclation tn Egypt throughout the
gh solar insolation 1n Egypt throughout the

cellent resource availabilify

yEar
year

6 bood availability but need urEan|:eu tollect:

on systes

& bood availability but need organized coliection systes

T bo

4 Resource not

od on-fars resource avarlability
on-fars resource availability
on-fara resource availabillty
on-farm resource availability

od on-fare

resource avarlability
easily accessible 1n quantity re

7 Eood on-fars resource avarlability

B Hi
B-Hi
B Hi
B Hi

600D MODEFATE L0
RESOURCE/  RESOURCE/  RESOURCE/
DEMAND DEMAND DEMAND
MATCH MATCH HATCH
I - -
[ = 2
- 1 -
1 - -
- I -
1 = =
I - -
I - -
: - -
- : -
- - X
! - -
1 - -
)
1 - -
y = :
H

1
1
I
I -
I
I -
!
I
'{ -
1 -
1 =
1 =
= 1
= I
= i
= 1
= 1
= 1
~ 1
E I
- 1
- I
= 1
= H
1
v 1
= 1
- I
= '

I R )

gh solar ansolation tn Egypt throvahaut the
gh sclar incolation 1n Eqypt throughout the
gh solar 1nsolation 1n Egypt ¢! !

gh solar insclation 1n Eqypt i

uired

YEar
YEdr

E Uy

B Kigh solar insolation in Egypt the ghout the year

8 High solar inssolation 1n Egypt the ghout the year

B High solar insalstion 1n Egypt throughout the year

g High solar insalation 1n Eqypt throughout the yedr

B High solar incolation in £gypt throughou® the year

8 High solar 1nsolation in Eqypt ihiroughout the year

8 High solar tnsolation 1n Egypt throughout the year

7 High insolation but wind availabiisty best in toastal dreqs
7 High 1nsolation but wind avatlatility best in coastal areas
7 High insclation but wind availatility best in caastsl areis
7 Pigh insolation but wind avarlasility best in coastal areas
8 High solar insolation in Egypt throughout the year

B High solar tnsalation in Egyrt throughoul the year

8 Higk solar insclation 1a Egypt throughout the year

8 High sclar insolation 1n Egypl throughout the year

8 High solar insolation in Eqvpt throughout the year

3 Excellent in coastal areas, soderate in aost TERIINING areas
3 Excellent in toastal areas, moderate in #0st resaining areas
3 Excellent in coastal areas, asderate in aost FEMIINING areads
3 Excellent 1n toastal aress, soderate in aost resdining areds
3 Excellent 1n zoastal areas, moderate in sost TERIINING drEds
3 Excelient 1n coastal areas, aoderate in aost remarning areas
5 Excellent in coastal areas, soderate in most resaining areas
3 Excellent in coastal areas, soderate in most remaining areas
3 Excellent 1n coastal areas, soderate in sost resaining areas
3 Ezcellent in toastal areas, soderate in apst FENINING dreas
3 Exrellent in coastal areas, anderate in mosi resatning areas
3 Excellent in coastal areas, snderate in 005t remaining areds
3 Excellent in coastal areas, soderite in B0t rERIINING areas
3 Excellent in coastal dreds, soderate 1n aost readtning dreas
7 High insolation but wing dvatlability test in coastel areas
7 High 1nsolation but wind avarlabilily best i1n coestal areas

1 H
1 Hi

gh tnsalation but wind avatlabilily best in
gh insolation but wind avatlability best in

coastal areas
toastal areas




Exhibit 7.8 :
SCORING OF TECHNOLOGY/APPLICATION OPTIONS FO:# GOVERMENT PRIORITIES CRITERIA

Fr;H«F!

LEC- PEIRDL-

EspeCts incressed beotier production
1 the Fise Year Development Flan

HI"' DIESEL KYERID
NIKD-FV HYERID

AGRICULTLSRE CRTTLE: FEEOLL

= - - I 1 S The EOF erpects tncreased beef orodecticn
- - 1 H S in the Five rear Developaent Flan
- - - 1 1 - - 5
= 1 1 - 3
1 I 5
! | -
H ! S
BEEIL -..n;[ &Ry FaEm = 1 1 c |
= 1 1 Pe Five Year Deselopaest Plin
. 1 1
1 1 .
UEE 1 1 : n
r 1 -
yE :
T e I 1 i,
1 1 2
AGRTCULTERE = = S 1 1 1 i
- - 1 1 1 1
- 1 | 1 1
| 1 1 1
1 1 | 1
i 1 & Isgraved dratmage ¢
- - 1 1 54 high priarits
3 BATTERY Pumning ! : sl
ELCCIRIC PURS INE 1 1 &
E FUPIN - 1 I I
AE L""i 3 HnliI.uL Fi "“1- - 1 - - 5 ttess to supplies %as received
= = E - - = H = S significant attention the Flin
- . - - - - - 1 - 3
- . - - 1 - 5
- : <

5 - Iniredse "
- : - - = - : I * I 8 Produc. increase
- - ' - 1 Produc. inc rease f

lr|| SUPFORT
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PCPULATION SUPPORT COMNMERCIAL/INSTIT. BLDGS.
RESIDENTIAL BLDGS.
FOPULATION SUPPORT ELECIRICITY FOR CITIES
ELECTRICITY FAR CITIES
ELECTRICITY FOR CITIES
RERICULTURE ERDILER PRODUCTION
CATILE FEEDLOT
DAIEY FARN
EBE PRODUCTION

IRRIGATION
LAND DFATNASE
LIVES

TOZK BATERING

[M LE'F E"lUI
DAIRY FARN

INDUSTRY.

FOFULATION SUPPORT

RERICULTURE

ABRICULTURE BROILEP ¢
CATILE ¢
LAIRY Fh

AGRICULTURE BROILER FRODUCTICN
AITLE FEEDLOT
DAIRY FARN
17 L

INCUSTRY Foan [«'ll'u:)iu
“fIrEE'hﬂIEE oIL
MALT BEVERASES
PHARMRCEUTICALS
SORF & DETEREENTS

BROILEF PRODUCTION
CATTLE FEEDLOT
[AIRY FARN

EEG PRODUCTION
IRFIBATION

LAND DR#INAGE
LIVESTOCK WATERING
IRFI1GATION

LAND DRAINAEE
LIVESTOCK E?YEF L]

~hF CULTURE BEDILER PFUW""ﬂ

[-c TLE FEEDLOT

[RIRY FARM

{"5 "rUu""HUN
AGRICUL U:" ?F ILE F PRGDJ T'.N

CATTLE FEEDLOT
DAIRY FARNM
E6G FRODUCTION

---------------------------------------------------- COST
¢ THAN = 10573 THhH ¢ THAN =10 3 THRI STRTUS
TECHNOLDEY CONVEN, CONVEN. CONVEN. [Dﬂv[ﬂ. COMVEN. CONVEN, SCORE
ACTIVE/PASSIVE SOLAR 1 - 1 - = 8 See analysis in Secticn 5.10
ACTIVE/PASSIVE SOLAR - 1 - 1 - = B See analysis in Section 5.10
BIOGAT ELEC. FRON MSN - - 1 - I 3 See analysis in Section 5.4
BINGAS ELEC. FROM SEWABE 1 - : - - B See analysis in Section 5.3
MSW INCINERRTE/ELECTRIC - = I = - = 4 See analysis in Section 5.11
EIDGAS ELECTRIC I - - I z 2 8 See analysis in Section 5.4
BIDGAS ELECTRIC - I - - H - 7 See analysis in Section 5.5
B136RS ELECTRIC - 1 - - 1 = 7 See analysis in Section 5.5
BIOGAS ELECTRIC 1 - - 1 = 9 See analysis 1n Section 5.5
EI0GAS MECHANICAL PUMPING 1 = : = = § See analysis 1n Secticn 5.2
BIDEAS MECHANICAL FUMPING - - ! - - I 1 See analvs:s in Sectien 5.2
EIDGAS MECHANICAL PUMPINS H - - H = = 9 See analysis 17 Section 5.2
Py - 1 - - 1 | See analysis tn Sertion 5.1
FY - 1 = ! - 3 ~ee analysis in Section 5.1
Fy 2 - 1 - - 1 1 5ee analysis in Section 5.1
Y - - 1 - - 1 | nalysis in Section 5.1
1 - - I = 7 nalysis in Section §,8
i = = 1 - 8 alysis 3.7
1 1 S See analysic o
I I ! See analysis i o
H 1 Zee analysis 52
H : ! = See analysis in an 3.2
- 1 - - 1 I See’analysis 1n Saction 5.2
1 - | - - 7T See analysis ir :91.1 g2
ESEL WY f-"" - 1 1 = See analysis in Sartiza 5.1
DIESEL HYBRIY - 1 I - See analysis ir Section SEl
Fy- -D1ESEL HYBRiD - - 1 1 = & See analysis 1p Section 5.1
PVY-DIESEL HYBRID - 1 1 & See analysis 1n Sectisn 5.1
FU MIND-DIESEL HYB - 1 X £ See analysis in Section 5.1
Y-WIND-DIESEL HYB. = - 1 1 1 See analysis in Sectign 5.1
P" WIND-DIESEL HYE. - - 1 1 - 1 See analysis in Sectian 5.1
Py h'!t"-‘”lfsf'_ HYH. - 1 1 - 7 See analysis in Sez'ion 5.1
501."‘ TH'r‘nL - I - - I 3 See analysis 1n :9 tion 5.9
SOLAR THERMAL - - H - - 1 S See analysis In Sectyon 5.9
SOLAR THERMAL - - 1 - = 1 5 See analysis in Section 5.9
SOLAR THERMAL - - I - 1 5 See analysis in Section 5.5
SOLAR THERMAL - - 1 - - 1 3 See analysis 1n Saction 5.9
WIND = 1 - 1 = 7 See analysis 1n Section 5.1
WIND - - 1 = i - S See analysis in Section 5.1
NIND - B 1 H - S See analysis in Section &.!
WIND = = 1 = = 1 See analysis in Section S.1
MIND ELECTRIC PUMPING - 1 - - 1 - 8 See analys:is :n Section 5.2
NINE ELECTRIC PUNPING = - 1 - - 1 J See analysis in Section 5,2
WIND ELECTRIC PUMFING 1 - 1 - - 4 See analysis 1a Sertion 5.2
WIND MECHANICAL PURPING 1 - - 1 - - 7 See analysis in Section 5.2
WIND RECHANICAL PUMPING v - 1 - - 1 3 See analysis 1n Section 5.2
WIND MECHANICAL PUMFPING 1 - - H - - il Cee analysis in Section 5.2
HIN'-"I['“ HYERID I 1 5 See i<-é[|5i5 tn Section 5.1
WIND-DIESEL HYERID - 1 1 3 See analysis in Er: w3
WiND- E!t‘[L HY 1 1 B See ar -1-515 in Ser !
hlh' DIESEL HT R1D - 1 g :rs 4.. ¥Si8 1IN Eer
hll"" PV ‘"E“i-’-‘ I 1 - - ¢ Ere analysis in Qe tion 5.1
WIND-PV HYBRID E = H 1 - - & See analysis tn Section 5.1
KIKD-PV KYBRID - I - 1 - S See analysis 1n Section 5.1
WIND-FV HYBRID = - 1 - - 1 5 See analysis in Section 5.1




CONMERCIAL/INSTIT, BLDGS.
RESIDENTIAL BLDBS.

ELECTRICITY FOR CITIES
ELECTRICITY FOR CITIES
ELECTRICITY FOR CITIES

BROILER PRODUCTION
CAITLE FEEDLOT
DAIRY FARM

EEE PRODUCTION

POPULATION SUPPORT

ERDILER PRODUCTION
CATILE FEEDLOT
DAIRY FARK
EGG PRODUCTION
JIC PROTECTION
CORMUNICATIONS

ERDILER PRODUCTION
CATILE FEEDLOT
[AIRY FAR™

RALT BEVERABES
PHARNACEUTICALS
SOAF & DETERBENTS
AERICULTURE BROILEE ¢ UCTION
CATILE FEEDLDT

DAIRY FAFR
[66 PRO

CURRENT
STATUS
IN EBYPT

PEOJECT PROJECT PROJECT
ACTIVITY ACTIVITY ACTIVITY
IN EBYPT IN EGYPT IN EGYFT

b Test facilities been constructed & design techniques
b developed in Eqypt

BI0GAS ELEC. FROM MSW
BIDBAS ELEC. FROM SEWAGE
45K INCINERATE/ELECTRIC

BIDGAS ELECTRIC
EI0GAS ELECTRIC
EI0GAS ELECTRIC
BI0GAS ELECIRIC

BI0GAS MECHANICAL PUMPING
E105A5 MECHANICAL PUMPING
10EAS MECHANICAL PUMPING
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5 Mo project experience
7 Plant operated in the 1930s, none at present in Egypt
B Incineration experience but no MSW incin. felec. gener. exp
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organizations have ongoing RiD 1n
organizations have ongoing R0 in
organizations have ongeing RED in
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veral organizations have cn?::rq R&0 in seall biogas units
project experience in facalities of this srale
veral organizations have ongoing RD 1n se2ll Biogas units
this scale
this stale
this srale
I this sgale

ities of
of

project experience in fac

aroject experience in fac

roject experience but ccee o
roject experience but soee ar

p
[
pr

4
P
F
p
P

oject ezperience but soee ongoing
roject experience but scae ongn

roject esperience but sose on
roject experience but sose on
roject eaperience
cl ezperience
s but substantial ongoing rese
but substantiil ongoing research
but substantial ongoing research
but substant 10Ing resparch
rg research

rcial

o

rn

|
L]
1

re)

ect experience but
ct experyence but
experience but
experience but

™o
o=
(=]
"

o e

JBCL BXDET
zperience in Egypl
perience in Egypt

DNQoing research
nguing research

ongoing research

L experience but
experiencte but




xibit 7. “
SCORING OF TECHNOLOGY/APPLICA TION OPTIONS FOR INSTITUTIONAL RE

QUIREMENTS CRITERIA

AVAILABILITY LOCAL
OF  MANUFAC- LOCAL  INSTITUTEONAL
SKILLED TURINE INSTI- REQUIREKENTS
SECTOR RPFLICATION TECHNOLDBY PERSOMNEL CAFABILITY TUTIDNS SCORE CORMENTS
POFULATION SUPPORT COMMERCIAL/INSTIT. BLDES. ACTIVE/PASSIVE SOLAR f N H 7 Larger scale 50F L commercial nEr.'alwns hive betler access to trained
RESIDENTIAL BLDGS. ACTIVE/PASSIVE SOLAR L L L J personnel, manufac. facilities building regulations can be enforced
FOPULATION SUPPORT ELECTRICITY FOR CITIES BIDEAS ELEC. FROM MSK L L L 3 Technology 15 ac RLD stage, sinisal capability in Ejrpt
. ELECTRICITY FOR CITIES BIOBAS ELEC. FROM SEMASE H ] H B Technology similar to senage treatrant plants already 10 use in Egypt
ELECTRICITY FOR CITIES MSK INCINERATE/ELECTRIC " H K & Tech, similar to cosbust. plants in Egypt. Drgan. syst, for MSW mamage
RERICULTURE ERCILER PRODUCTION E106AS ELECTRIC n H H s Utilizes locally available material L construction technigues,
CRTTLE FEEDLOT BIDGAS ELECTRIC ] ] H & and also personnel i1n Egypt erperienced with technology
CAIRY FARN EI0BAS ELECTRIC n H K b
EES PRODUCTIGN BI0BAS ELECTRIC " K H B
RBRICULTURE IRRIGATION BI06AS MECHANICAL PUMPING H K H E Utilizes locally avarlable material & construction techniques,
LAND DRAINASE BIDGAS MECHANICAL PUMPING ] H H & and also personnel in Egypl erperienced with technology, particularly
LIVESTOCY WATERINS EI0EAS MECHANICAL FURSING H H H E with suall scale systess (land drainage systess are large)
REFICULTURE BROILER PRODUCTION PV L L L 3 No extensive use of PV in Egypt
CATTLE FEEDLOT FY L L L 3
DAIRY FARA PV L L L 3
EEE PRODUCTION PV L L L 3
INDUSTRY CATHODIC PROTECTION Py L L L 3
POFULATION SUPFORT FREMOTE COMMUNICATIONS BV L L 3
LTURE IRRIGATION FY W/EETTERY P L L L 3 Nooextensive use of PV in Egypt
LAKD DRAINASE FVY W/ERTTERY FUr L L L 1
LIVESTOCK WRTERINE Py K/ERTTERY BUNF] L ! L :
~ IRRIGATION PV W/0 EATTERY PUMPINS L L L 3
1 LAND [RAINAGE FY W/D BATTERY PUNFING L e L 3
no LIVESTOCK WATERINS PY K70 BATTERY PUMPINS L L L
=) e e e e e e e e e e e S =
AGRICULTURE BROILER PRODUCTION PY-DIESEL MYBRID L L n Egypt
CATTLE FEEDLDT FV-DIESEL HYERID 14 L
DAIRY FARN PY-DIESEL HYERID L L
ESE PRODUCTION F¥-DIESEL HYBRID L L
RERICULTURE EROILER PRODUCTION PY-NIND-DIESEL HYe. L L hybrids in Egypt
CATILE FEEDLOT FV-MIND-DIESEL KYE. L L
DAIRY FARM PY-MIND-DITSEL HYE. L L
EBG PRODUCTION PV-WIND-DIESEL HYB. L L }
IMDUSTRY FOOD CANNING SOLAR THERMAL " H " T | vfacturieg facilities L pe-sonnel can be used ig
HYDROBEMATED DIL SOLAR THERMAL r H n 7 manufacture and use
MALT BEVERAGES SOLAR THEEMAL " H ] i
PHARMACELTICALS SOLAR THERMAL L] H L} 7
SOAP & DETERSENIS SOLAR THERMAL L H N ]
AERICULTURE BROTLER PRODUCTION ¥IND N A n 3 | wanufacturing faciiaties & personnel can ke used for technology
CATTLE FEEDLOT WIND n n E 5 facture and use. However, Lhere 15 more experience with
DAIRY FARM ¥IND | L] N 3 mechanical water pusping systess
EGE PRODUCTION KIND | n A 3
IRRIBATION WIND ELECTRIC PUMPING | ] n 3
LAND DRAINAGE WIND ELECTFIC PUMPING B N L] ]
LIVESTOCK. WATERINS WIND ELECTRIC FUMPING n ] N 5
IFRIGATION WIND MECHANICAL PUNFING H H n 7
LAKD DEAINAGE WIND MECHANICAL PUMFING H H " T
LIVESTOCE WATERING WIKD MECHANICAL FUMFING H H L 1
AGR I CULTURE BROILER PROCUCTION WIND-DIESEL HYBRID L] ] L 4 Mo extensive use of hybrids 1
CATILE FEEDLDT IND-DIESEL HYBRID L} N L 4
DAIRY FARM ~DIESEL HYERID n r L {
EEG PRODUCTION WIND-DIESEL HYRID N ol L 1
AGRICULTURE BROILER PRODUCTION WIKL-PV HYERID L N
ATILE FEEDLOT WIND-FV HYBRID L L}
CAIRY FARN NIND-FV HYBRID L n
E&6 PRODUCTION WIND-PV HYBRID L N
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SCORING OF TECHN

OLOGY/APPLICATION OPTIONS FOR
IMPACTS CRITERIA

SQCIAL & ENVIRONMENTAL

EXTENT OF
EITENT OF ENVIRON-  SDCIAL L ENVIRON-
SOCIAL MENTAL MENTAL IMPACIS
SECTOR APFLICATION TECHKOLOGY ACCEPTABILITY INPACTS SCORE COXNENTS
FOFULATION SUFPORT COMMERCIAL/INSTIT. BLDES. ACTIVE/PRSSIVE SOLAR H H B Xo anticipated probleas, unless lifestyle changes are needed
RESIDENTIAL BLDBS. RCTIVE/PASSIVE SOLAR H H 8 No anlicipated probless, unless Infestyle changes are needes
POPULATION SUPPORT ELECTRICITY FOR CITIES EIDGAS ELEC. FROM MSW H H 8 Beneficial health impacts due to Letter waste tontrol & disposal
ELECTRICITY FOR CITIES EI06AS ELEC. FROM SEWAGE H H § Beneficial health impacts due to better waste control & disposal
ELECTRICITY FOR CITIES MSK INCINERATE/ELECTRIC H H 9 Beneficial health tepacts due to better waste control & disposal
AGRIZULTURE BROILER PRODUCTION BIOGAS ELECTRIC | H 5 Some social probless due to collectjon, storage L use of aanure
CATTLE FEEDLOT BIDGAS ELECTRIC | H & Some social probless due to collection, storage & use cf manure
DAIRY FARN BI0SAS ELECTRIC ] H 6 Some social probless due to tollection, storage L use of sanure
EGS PROCUCTION BIOEAS ELECTRIC ] H & Soee social probleas due to collection, storage & use
RGRICULTURE IRRIGATION BIOGAS MECHANICAL FUMPING M H b Some social probless due to collection, storage § use o
LAND DRAINAGE EIDSAS MECHANICAL FUMPING , H & Sowe social probless due to tollection, storage & use
LIVESTOCK WRTERINS EIOGRS MECHANICAL PUNPING [} H b Scee soctdl probless due to collection, storage L use
RBRICULTURE BROILER PROTUCTION FV H 8 8 ho anlicipated probiess
CATTLE FEEDLOT v b H B Xo anticipated probleas
DAIRY FARM Fy H H 8 No snticipated probless
EGA PRODUCT DN Py H H 8 No anticipated protiess
CAT P H H £ Na
Al ™ y H B N3
IERIGATION 4 H 8 Na
LAND BV W H H £ e
LIVESTOCY, WATZRINS Y ON? : H H E Mo pated probl
12RIGATION Y N/ T g H H g No
LAND DRAINASE Py W/ 1 5 H H B Ko
LIVESTOCK WATERING PV W/0 BATTERY PUNFING H H E No
RGRICULTURE EROILER FRODUCTION PY-DIESEL HYERID H " 7 sdjor priobless other than npoise & air diesel
CATTLE FEEDLOT PY-DIESEL HYBRID H A 7 ijor probless other than noise L air tiesel
DAIRY FARM PV-DIESEL HYBRID H ! 7 Mo major probless cther tham noise b air drecel
EGE PRODUCTION PV-DIESEL HYBRID H | 7 Mo major probless sther than noise & arr P 1on from diese]
ABRICULTURE BROILER PRODUCTION PY-WIND-DIESEL HYB. N K b less due to noise & air ¢ tion froe diesel & possitle noise,
CATTLE FEEDLCT PY-WIKD-DIESEL HYE. ] N e TV 1nterference and visual probless of wind sachine
1Y FARN PV-WINO-DIESEL HYE. | L] ]
& PRODUCTION FV-KIND-DIESEL HYB | y &
IKDUSTRY £000 CANNING H H 8 No anticipated prabless
HYDROEENATED DIL SOLAR THERMAL H H 8 No anticipated probleas
MALT BEVERAGES SOLAR THERMAL H H 8 No anticipated probleas
PHARMACEUTICALS SOLAR THERMAL H H B Mo anticipated probleas
SOAP & DETERGENTS SOLAR THERMAL H H € No anticipated probleas
AERICULTURE BROILER PRODUCTION NIND | ] ) notse, TV interference and visual probleas
CATTLE FEEDLOT NIND b N 4 noise, IV interference and visual probless
DAIRY FARN K[ND n " 5 noise, TV interference and visual probless
EGG PRODUCTION WIND N N & noise, 19 interierence and visual probless
IERIERTION KIND ELECIRIC PUMPING n K & noise, IV interference and visual piohleas
LAND DRAINAGE WIND ELECTRIC PURPING X ! & ncise, IV interference and visusl probiens
LIVESTOZ) WATERING KIND ELECIRIC PUMPING N ! & noise, [V inter{erence and visual probless
IRZ1GAT10K NIND MECHANICAL PUMPING | " 4 noise, IV interference and vicual groblens
LAND DRAINASE KiND MECHANICAL Pump n K [ noise, 1V interderence and visual
LIVESTOCE WATERINC NIND K P L " b ¥ e notse, TV interdferent
ASHICULTURE ERDILER FRODUCTION WIND-DIESEL HYBRID K N 5P ens due o neise & air poliution fros diessl & sossible noise,
CATILE FeEDLDT WIND-DIESEL HYERID " n S TV anterference and visual probless of wind machine
DAIRY FARN WIND-DIESEL HYBRID n M 3
£GE PEODUCTION WIND-DICSEL HYERID n L} 3
REE]CULTURE BROILCR FRODUCTION KIND-PV HYBEID X R & Possible noise, TV interference and visual probiess froe wind alc
CATTLE FEEDLOT KIND-PV HYBRID N M & Possible noise, IV interference and visual probless fros wind aic
DRIEY FARM WIND-PY HYBRID ] N & Fossible noise, IV interference and visval probleas from wind a/c
EGG PROODUCT 0N WIND-PV KYBRID L | | & Fossible noise, 1V interference and vicual eroblens frne wind e/r




7.3.2.2 Recommended Field Test Candidates

The Phase IT analysis resalted (n an fdentificatlion of five renewable
technology/application options which should be considered by USAID and EEA for
field testing under the Rencwshle Taciey Fleld Testiug Project. These include:

0 Active/Passvive Solar for Residential Buildings

o Solar Thermal for the Fharmaceutical Industury

0 Solar Thermal for Hydropeaatoed 011 Industry

o Blogas Electric from Sceware to Provide Electriclity for Cities

o Wind Mechanical Pawer for Small-Scale Irrigation.

Exhibit 7.13 summarizes the analysis results for each of the 12 options

studied.

7.4 Naxt Steps

The following activities are planned:

Task 2.2.2 ienewable Technology/Application Evaluation

(a) Conduct a briefing to senior EFA officials (e.g. Drs. Sharkawi and

Tablawl) to obtaln their concurvence on the evaluation process and

approval of the five candidace fleld test opt ons. The briefing will

be held in mid-September 1935, and will inci. de representatives fronm
EEA, Meridian Corporatton and E31.

(b) Collect detailed economic, market and technical data for each of the

five selected options; develop preliminary system conceputal designs;

and identify potential field test sites. Based on the detailed dara

collection and site analyses, the five options will bhe reduced to

four target options which will be recommended for field testing under

the Renewable Enerpv Field Test Project. This selection of the four

options will be completed by the end of November, 1985,

71-22



Task 2.2.3_Igphnolpgv Anﬂlﬁfﬂfifﬁ‘}W"”“?WllﬂﬁﬁﬁufT@REi)

(a) Develop individual TAPP: tor each of the four candidate fleld tests
which provide the necessary guldance for fleld vest implementation,
These plans will fnclude: (1) justification for undertaklng the
candidate field test; (2) detailed ecoaomic and market assessment of
the selected option; (3) recommended site location for the fleld
test; (4) conceptual desfagn for the project; (5) draft Request for
Proposals (RFP) for system hardware; (6) schedule and budpet proposals;
and (7) a listing of contracts f{rom participating organizations. The
four draft TAPPs arc expected to be completed at monthly intervals

beginning in March, 1986.
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EXHIBIT

1
fedld

FIELD TEST OPTION ANALYSIS RESULTS

A. Priority Field Test Candidates

Technology

Active/Passive
Solar

vi-L

Solar Thermal

Application

Residential
Buildings

Pharmaceuticals
industry

Hydrogenated 011
Industry

Analvsis Results

Small-scale system requirements which satisfy budget
constraints

Technically/Operationally Proven
Cost-Competitive
Availahlsz solar vresource ia urhan areas

Substantisl repliizability in vrhan, Temote and i
ia)

3
communities; 300,000 new urbza units planned

[
)

Limited on-going projects in Egypt

Satisfles project budget constraints

Technically proven

Large potential for replicability in low temperature
steam Industrial applications

Available solar resource in industrial areas

Limited project expe

4

ience in Egypt



EXHIBIT 7.13 (Cont'd)

FIELD TEST OPTION ANALYSIS RESULTS

A. Priority Fleld Test Candlidates (Cont'd)

Technology

Biogas Electric
From Sewage

~J
ro Wind Mechanical
o

Photovoltaics

Application

Electricity
for Citles

Small-Scale Irrigation
Irrigation

Remote
Communications

(o}

0

Analvsis Results

Technically proven

Satisfles project budget constraints

Large market for offsetting sewage plant electricity

requirencnts and supplying prid power
Ro project ewperiencs {1 Hgvpt

tem plroce U supnsly
Small-systems vhich satisfy budget con=traints

P

project experience; had systems in place
I3 ] ’ 2 t
]

Availabdle wind resource In coastal and outlyiung areas

Large market potential in agricultural and remote
areas

Commercially available technoleygy that is sold world-
wide; thus, no need to conduct demonstration project

Substantial on-poing projects in militarv, other

govarnment and private sectors; fielld

perience

add tn hnowled; b
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EXHIBIT 7.13 (Cont'd)

FIELD TEST OFTION ANALYSIS RESULTS

B. Secondary Field Test Candidates

Technology

Photovoltaics

Solar Thermal

Wind Electric

Biogas Hechanleal

Municipal Solid
Waste Incineration

Active/Passive
Solar

Application

Irrigation

Soap and
Detergent Industry

Small-Scale
irrigation

<

Small-lcale
Irrigation

Electricity
for Cities

Commercial
Buildings

Analysis Results

Substantial on-going projccts in Egypt; field test
wlll not add to knowledge base or experience of
Egyptians

Replicability potential not as high as in otner solar
thermal sectors studied

Technol.gy more complex than wind mechanical aystanms
for irricision and nor as woll nroven
Techn oy o wies ] 2 3
for irrin PANPS

Ty g

Substantial on-goling projects (>187) In small-scale
blogas units so field tes: will nor add to “nowledpe

s
base or experience of Egvatlans

System costs prohibitive for project budget, but rnost
may be acos; for other prrojects being considered
by GOE; “SW estimated 2t about 35 million

Althourh waste ¢ in
Cairn, Alexandria and other urban area

s
systen does not provide a stable regource supply

P

4

TUTO : Pomy s S e Ty enge 4 g e 3 ey S
EREDD {s coonsori: TTo s c manstrate active/

passive solar for c¢o clinatization:
a field rtest upder thils project wou not provide
new information or training to Egyptians

bk
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A.l Eiﬂﬁ
A.1.1 TIntroduction

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.1. Wind systems use an
inexhaustible resource, range in size from a few watts to several megawatts,
and can be constructed and installed in a matter of months. Thus, wind technology
1s highly modular and can help increase planning flexibility and decrease the
financial risks associated with large conventional generating units. 1In addition,

wind turbines can be designed to operate safely and reliably and to be compatible
with many enviromments 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
1s 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). 1In 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 characteristics. With a cut in

speed of around 3m/s, water output rises iinearly with windspeed to around 8
m/s, the rated speed.

A-1



http:currently.in

e e e et S - —

Power Output———»

——— e — - — — - ——— —— — ——r —— o

VVO.Cut—out Speed

Vi, Ve, Wind Speed —
Cut-in Speed Rated
Speed

EXHIBIT A-1 TYPICAL RELATIONSHIP BETWEEN
POWER OUTPUT AND WIND SPEED

A-2



Pi{IMARILY DRAG-TYPE

NN RS

Savonius Multibladed Savonius Plates

Cupped
PRIMARILY LIFT-TYPE

¢ Darrieus b Darrieus Giromill Turbine

COMBINATIONS
|

Savonius/¢ Darrieus Split Savonius

OTHERS

Deflector Sunlight Venturi Confinec Vortex

EXHIBIT A-2 VERTICAL -AXIS MACHINES



| e
g} 2> C%\—j 5 yj‘)
Sing'e Bladed / {ree;:c;B Oé?B\;j

Double-Bladed U.S. Farm Windmill Bicycle Multiblades
Multibladed

Enfield-Andreau

S O
R S hdh il
23 o o
u = f
Crocsswing Crosswind Difiuser Concentralor Unconf ned Vortex
- Savonius Paddies

EXHIBIT A-3 HORIZONTAL-AXIS MACHINES

A=Y



= AT B AR

A.1.2.1 Electric Generators and Power Conditioning Units

The most appropriate type of wind driven electric generators to be used
for off-grid operation in remote desert or rural areas is the synchronous
generator eitner with 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
avallability 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 maintaln the output voltage con-
stant.

The output of the generatorss may be utilized directiy 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,’ the DC
power from cthe rectifier is converted to AC power using forced-commutation
thyristor inverters for off-grid applications.

The generators and power conditioning units must be selected to withstand

the severe operating conditions in the desert and rural areas (high ambient
temperature, high humidity, sand blasts, dust accumulation, etc.)-

A.1.2.2 Grid-Connected Utility Hystems

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 a given 24 hour
period. This value raages between 25 and 50 perceiit depending upon the system,

A.1.2.3 Storage Systems

The utilization of the intermittent wind energy resource for antanomous
applications becomes practical only if some neans 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.

A~5




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 energy storage is the use of hybrid renewable (wind-solar-biogas -
conventipnal engines) energy systems.

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 efficlienfly and economically with much smaller energy
storage facilities. The potentlal 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 spgeds considered high enough for the development of wind power generators.
(see Eziibit 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, under contract to
AID/Cairo, is conducting a wind rescurce assessment in Egypt to update informa-
tion collected in previous studies. Six sites have been sclected 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.l1.4 Market Readiness

Progress in the development of wind energy technology has been substantial.
Although it 1is difficult to generalize about the diverse products that were
available, i1t 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 levellzed electricity cost from
today's state-of-the-art wind machines is estimated to be 10¢ to 15£/kWh.

Stated diffprently, improvements in the cost, performance, and lifetime of wind
machines have already reduced the cost of wind-generated electricity more than
tenfold.

Improvements in the technolopgy 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 finstalled
in the last three years have been in wind farms in the United States, where

many machines are Iinstalled at a single site to generate 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
4¢/kWh (in constant 1984 dollars). Achieving this goal will require simultaneous
improvements in the cost, performance, and lifetime of both horizontal- and
vertical-axis machines.

A.1.5 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 1in
Egypt may be estimated from the following data:

- Size of Lhe 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 B 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 glves the projected
necessary installed power to meet the basic energy needs for 100 persons in a

A=-8




FXHEBIT AH

CATALOG OF REPRESENTATIVE WIND MACHINES -
MECHANICAL AND NON-GRID CONNECTED ELECTRIC

Rated Rated Huh Mean Installed Sysrem
Powerl Wind Speed Height Power OQutpur Cost (19815)2
kW) _ (/) ) (ki) 1980-85 1986-90
.14 (1.8m dia. 24 9 .08 $ 1,800 $ 1,800

mechanical)

<75 (4.3m dia. 24 9 45 6,600 6,600

mechanical)

-1 (DbC) 40 10 .03 1,500 900
1.0 (hC) 40 10 .29 8,800 5,300
2.0 (AQ) 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 21,406
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.

o . . . .
“Installed costs include all equipment and installation costs with shipping costs
f.o.h, factory.
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EXHIBIT A.6

ANNUAL ENERGY OUTPUT FOR MECHANICAL AND NON-GRID CONNECTED ELECTRIC MACHINES (ld«’h/yr.)l

Annual Mean

Wind Speed Rated Power (kW)
at 10 meters 1.8m 4.3m
(n/s) Diameter Diameter 0.1 1.0 2.0 5.03 10.03 15.03 25.03 40.902
4.4 414 2160 86 855 1,710 5,292 10,584 15,876 27,657 L4 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 B4 ,h36
6.0 637.2 3366 207 2,070 4,140 11,992.5 23,985 25,982 60,489 86,786
L Specification
o
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 m/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 m 9.1 9.1 10 10 10 10 10 10 20 20

1o .9 availability factoer has been applied fto annual output values.
Zvalue expressed in thousands of gallons per year.

3Output values calculated at hub heighr by adjusting the 10 meter annual wind speed to specification hub height using a
1/7th power iaw.



Rated
Powerl
(kW)

200,

511

2,500.

4,000.

IMean power output calculafted for an average annu

0

.0

0

0

Rated
Wind Speed
(kmh)

63

63

64

67.6

67.6

77

77

90

72

35

reference helght of 10m.

N
“Instralled costs
facrory.

3Reference height for vertical-axis machines.

EXHIBIT 4.

Iubh
Helipht
_m)

7.3
7.3

7.3

7.3

2.73

18.6

24.4

A-11

CATALOG OF REFKeSENTATIVE WIND MACHINES —~=
GRID COoNNECTED ELECTRIC

Mean

Power OQutput

(kW)

.8

109

4.5

8.0

25.1

23.7

69.1

66.9

944.0

860.0

Installed System
Cost (19818)2

198C-85

S 9,300
13,000
21,300
24,400

133,000
125,000
432,000
500,000
6,000,000

7,500,000

$

1986-90

5,600
7,800
12,800
14,600
79,800
50,000
259,200
235,000
3,500,000

5,000,000

al wind speed of 22 km/hr mph at

include all equipment: and installation costs with shipping f.o.b.



EXHIBIT A.S

ANRUAL ENERGY OUTPUT FOR GRID CONNECTED ELECTRIC MACHINES (MWH/YR)l

Annual Mean

Wind Speed Rated Power (kW)
at 10 meters
(m/s) 1.8 4.0 10.0 25.0 65.0 95.0 200.0 511.0 2.5MW 4 .0MW
A 3.2 6.6 17.7 17.3 91.8 67.8 212.4 140.4 3188 1782
5.1 4.6 9.2 24.2 30.7 135 110 331.2 272.7 4905 3600
5.6 5.3 10.7 27.7 38.2 161.56 135 403.2 356.4 5805 4815
6.0 5.9 12.1 31.0 45.4 184.3 157.3 468 432 ARST 5760
T e e e e
o
Vrated (m/s) 11 11 11 12 12 14 14 16 12 16
hub height (m) 7 7 7 5.5 6.8 2.7 7 2.7 18 24

Ip .9 availabllity facror has been applied to the annual output values.

2Reference height for vertical-axis machines.



desert community with available fresh underground water not deeper than 100 m.
The long term future demands are also given in Exhibit A.9. Tt 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 enerzy 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. 1In 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
Sitels Load Factor L2 _1’Wiyc[ﬁqqq*____p{_{@%jﬁgggpgﬂ_ 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 1is being established for large
machines. There are currently approximately 60 U.S. manufacturers producing
wind turbines. Most of the succeasful manufacturers sell small (less than 100
kW, rated capaclty) 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 stcady, homogeneous flow; and that ma jor
improvements in cost-effectiveness would be achieved through advanced engineering,
economies of scale, and mass production. Because of the relatively jadvanced
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 sclence 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 cn 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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A.1.8 Relevant Experience in Egypt U

sing Wind Technology

The following are the wind energ

a. The Ministry of Energy and 1)

y-related activities in Egypt.

cctriclty and the University of Oklahoma,

with support from the 1.9, Agency for International Development (AID),

have conducted a resear h propram to measure wind speed and duration
In Egypt. This propran has two phases.
Phase one started in "9 4 was basicallv a resource availabi

ity

study. Tt

dealt

mainiy

vith the gathering of exlsting wind data to

select the promising gy

an

for wind

enerygy exploration.

Phase two

started In

1978

and

deatt

malnly with measuring wind speed:

s and duration

in pre-selected locatfons. Such measurements have beon taken in Marsa
Matruh, Ras FE1l Hekmn, 5101 Abdel Rahman along the north coast (Mediter-

ranean), Safaga, Hurph.aio

Several basic studices
mills and generators suiial
steady wind conditiong
universities,

concerndng
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and Ras Gharib along the Red Sea coast.

design performance of different wind-

rle for electricity generation under the un-
are undervay at Cairo, Alexandria and Helwan
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Exhibit A.11 is a representative list of countries having activities in
wind energy.

During 1978, the U.S. Agency for International Development (AID) set

up a project to assess Egypr'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 that time. The assessment was undertaken

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 1980-1990's. FEconomic 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 (Hurghada) and the
second 1s on the Mediterranean coast (Marsa Matruh). The cost of
energy, based on a total system installed in Hurghada, 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,

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 systenms
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 drivean water pump of the low 1ift 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.

A project to select and test the most suitable commercially available
wind mills under Egyptlan climatic conditions ig 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.




L1-V

EXHIBIT A.1l COUNTRIES HAVING ACTIVITIES IN WIND ENERGY

Applications hich Have
Been Identified for Wind

Research Being Conducred

Size of Machines
Being Evaluated

AUSTRALIA AND
SOUTH PACIFIC

Australia

indonesia

Kiribati

New Zealand

Solomon Islands

NORTit AMERICA

Barbados

Canada

Electricity, irrigation

Water pumping

Water pumping, electricity

Electricity (may be 5%
by wind in 1989)

Pumping water

Power to process sugar cane
Water pumping

Integration of wind system
into large scale grids;
Vertical Axis wmachines;
Hybrid wind/pv/diesel for
small scale rermote area;
resource data collection

. ..
10 & 4.2m rotor diimeter

Resvurce assessment; wind
diesel systems; darrieus
evaluation

Vertical-axis machines;
hybri! wind/diesel for
50 KW svstem; Resocurce
Assessment, Giromill

2mw, lmw, 20-30 kw
20 twh/year 20-22kw
10% of power
requirement

¢ : ! !/
IV, 20 cubic/meter/

day irrigation

Small and l1arge

8-50kw; 50-230 kw
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EXHIBIT A-11 (Cont.)

Applicat*ou-s Which Have
Been Identified for Wind

Research Being Conducted

Size of Machines
Being ivaluated

NORTH AMERICA (Continued)

Dominican Republic

Haiti
Honduras
Jamaica
Mexico

Trinidad and Tobago

AFRICA

Botswana

Cameroon

Cape Verde

Ethiopia

Kenya

Lesotho

Mali

Water pumping, village power

Water pumping

Electriciry

Warer pumping

Water pumping, eiectricirny

Water pumping

Yumping water;

power generation

Water pumping;

10+

water pumping, electricity

Irrigation;

Irrigation, deep wells
power generation

Eirectriciry

Water pumping in north

Vertical-axis wind;
Rotary drive windpumps

3 meter dia. rotors
6 merer towers

6-9 meter dia. turbine

6 meter dia.

6 meter dia.

rotors

rotors
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EXHIBIT A.

Applications Which Have
Been Identified for Wind

I (Cont.)

Research Reing Conducted

Size of Mach
Zeing Evaluated

AFRICA (Cont.inued)

Morocce

Nigeria

Senegal

Somalia
South Africa
Sudan

Tanzania

Tunisia

Zambia

ASTIA

China, People's
Kkepublic of

Water pumping, grindiug
grain

Water pnmping

Irrigation, power
generation

Warer pumping
Water pumping, electricity
Water pumping

Water pumping, electricity

Water pumping, irrigation

Water pumping, power
generation

Electricity, water pumping

Savonius for water pumping;
vertical-axis fturbine type

Savonius; 6 systems erecred
l.1kw for demonstrarion

Apprepriate technology
systems using local
marterials

Very small systems for
desalination and electric
welding

1-20kw

100W-250W, 3kw=
20kw, 18kw, 40kw,
55 kw
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EXHIBIT A.1] (Cont.)

Applications Which Have
Been Identified for Wind

) Size »f Machines
Research Beirg Conducted Being Evaluated

ASIA (Continued)

India

Iran

Israel

Japan

Oman

Pakistan

Philippines

Singapore

Irrigation, water pumping
power generation

Water pumping

Power generation

Electricity

Elecrtricity, pumping
water

Irrigation, electriciry

Pumping water, irrigation
electriciry

1-5kW darrvieus; savonous 2kW, 10 kW
rotors; 10Om-diameter Cretan

sail; .5kW soil type; water

pumping, designs, economic

studies

Laboratory scale ftests on
berh horizontal and vertical
axis svstens

aboratory scale tests 3m dia. turbine: ikw
- b

Darrieus and Giromill sys-~ 30w, 8kw
rtems of 30VW; resource

assessment; design of 3MW

experimental unit.

Developing 16 regional 3.6m dia. rotors
rural centers for using 7.7m dia. rotors
wind and other solar

3m rotor dia.

Laboratory scale horizontal-=
axis windmill
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EXHIBIT A.1l (Cont.)

Applications Which lHave
Been Identified for Wind

Research Being Conducted

Size ..f Machines
Peing Evaluated

ASIA (Continued)

Sri Lanka

Thailand

SOUTH AMERICA

Argentina
Bolivia
Brazil
Paraguay
Peru
Suriname
Uruguay

Venezuela

EUROPE
Austria

Bulgparia

Electricity, pump water

Pumping water, irrigation,
salt farming, power
generation

Water pumping, electricity
Water pumping
Water pumping, electricity
Water pumping

Electricity, irrigation

Electriciry, water pumping

Water pumping, electricity

Electricity

Electricity

Developing anemaoneter net-
work; resource assessment
demonstration units

Resocurce assessaent horizontal-~
axis warer punping

“"Aerodynamic Ballon"

3M & 5M dia. water
puapers; 2kW electric

2030 kw

lkw, 100kw=4mw



EXHIBIT A.1l1 (Cont.)

Applications Which Have
Been Identified for wWind

Research Being Conducted

Size of Machines
Belng Evaluated

EUROPE (Continued)

Denmark

France

Germany, Federal
Republic of

Greece
Ireland

Netherlands

Spain

Sweden

Electricity, heat

Electricity, water
pumping

Electricity, heating

Water pumping
Electricity

Electricity, export sys-
fems, storage

Electricity

Heat generation, power
generation

Medium to large systems.
Resource assessment, 1-2MW
system design

Resource assessment;
laborarory scale tesius for
horizontal axis windmills;
flexible blade windmill

Resource assessuents high
capacity power plants,
265kW; Tngincering study

of 1-2MW svysrems evaluation
of 15kW svsten

Resource assessment

Detailed meteorological
studies in NWorth Sea;
design and demonstration
of Darrieus; large 10 tons

Large R&D effort on small
and large systems; Design
study of offshore svstem;
safety analwvsis; puved

f. Owers; resource assessment.

Systems up to 2mw,
20,000 kwh/yr by 1995
Wind Power will be
10% elecrric demand

Small

10kW, 15ki, 270kw,
1-2:0

1.8kW Darrieus, 5-+25
meter rotors

17 m. dianmeter
100-110kwW

Small and large units
up fto lIMW. 63kW;

1-2MW



A.2 Phoggxgl&g{gi

A.2.1 Operating Characteristics

PV systems are capable of supplying any electrical load ranging from a
fraction of a watt to several mepawatta.  Be it an urban, rural or remote site,
a stand-alone or grid-interactive system, PV has been proven not only feasible,
but reliable.

Power at various voltage levels can be produced through the wiring of
cells and modules in parallel or serfcs configurations. A customer generally
does not have a choice as to the preterrved wiring of the cells within a module,
80 voltage can be adjusted throupgh the arrangement of the modules and/or the
use of a converter. A converter {5 used to step voltage up or down when modale
wiring cannot result in the appropriate voltage (e.g., 4 modules at 12V cannot
produce power at 220V).

PV systems produce direct curreat (DC) power. Through the use of an
inverter, however, PV can be used to supply alternating current (AC) loads. 1In
Egypt, both AC and DC systems have been Installed.

Most applications require the use of a regulator to control voltage
fluctuations in system output. Repulators are essential because loads, such as
batteries, converters and ifnverters can only tolerate certain varlance in {nput
voltage. Regulators, laverters anl converters comprise what {s referred to as
the power conditioning systoem.

A.2.2 Technology Description

Photovoltatecs (PV) is the direct conversion of sunlight into electricity.
In a PV system (Exhibit A.12), 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 that are processed such that when
light strikes the cells, thev geacrate a direct electric current. This
current is collected and transported by metallic contacts that are placed in
a grid-like fashion on the surface of the cell. Power generated by the arrays
is fed into a power conditioning system (e.5., regulator, converter, inverter).
The power condftioning system "coniitions” the power for interaction with the
loads and/or utility grid, by controlling the magnltude of the voltage and type
of current (direct or alternating).

A.2.2.1 Types of PV Cells

There are basically three generations of PV technology: ingot, ribbon
and rhin films. The current PV market is dominated by first generation tech-
nology - ingot cells. Second gencration technology has just recently entered
the marketplace, while third generation technology for the power market 1g mostly
in the laboratory stages.

First generation technology consists primarily of single~crystal silicon
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 losses ineurred through the slicing of {ngots {nto

wafers; the Incompatibility ot fupor prowth to automst od production processies:

and the fmpossibility (basced on iterent electronic properties of s{licon) oy

attaining a high enouph conversion citiclency to compensate for these factors

svstems based on this torhma oy wit]l nol mect long term cost poals (cost-
competiveness fn U.S. electrica! arility market ).  In 1 feht of this fact

new generation tecnnolopies have cocereed,

Second pencration techno!loey involves the automat ed production of poly

crystalline stlicon materia! o i tarm of a ribbon.  Ribbon yrowth results
in more effictent uee ot Hilicom

doteedstock and a potentially hipher rate of
throughput; thus Uar, however, i tevhinolopy has exhibite!d Tower perform o

characteristios than fapot cell,

While not as commercially advanced as silleon fnpot and ribbon cells,
Film cells are of {nterest dae to their potential tor wach lower tabrication
costs.  They have the advantapye of 1ow material reguireweats (thin-S1{lm cellg
are less than one—t1{th the thiciness of silicon fnpot cells) while lending
themselves to larye scale, cant Panoii-processing techmiques; however, thin-fi
devices have relatively Tow et ficioncios and i some cases arce unstable.

The most advanced thin-{ila material is amorphovs silicon (a-S1).  Thi
material Is the only third conerat o techonlory to have penetrated the marke
place. Tt has done so wmostly as sall colla in consume products, {for whinsh
efficiency s a winor concern. Tl Tirst a-%i power module was just recently
{ntroduced (In November 198.) by ARCH Solar. Other thin films such as cadmiu
telluride (CdTe), copper fadfum daclentde (CalnSen) and gallium arsenide (Ga
are still fn the research stares.

A promising concept for thina films is multiple-junction cells. These

)

)

4

thin-

lm

IS
t —

hth}

\ 53)

cells consist of differcnt thin {ilms layered on top of each other. Fach mate-

rial absorbs a different region of the solar spectrum and thus results in a
8

higher total conversion ef ficiency than possible for any one material.

A.2.2.2 Types of PV Collectors

There are two categories of collectors: flat plate and concentrator.

The majority of currently iustalled systems use flat-plate modules.
They collect both direct and dirffuse radiation, so tracking devices are not
necessary (ARCO Solar uses tracking flat-plate systems in their megawatt-
scale projects, as they feel fmproved performance more than compensates for
increased operation and miintenance cupenses). Fgyptian system experience
has been solely with flat-plate modaioy.

Concentrator collectors of ter an approach to PV power generation that
reduces the need for lowering the price of high-performance cells. By using

lenses to focus direct sunlight onto cells, the cell area required to generate

a given output can be reduced by as much as a factor of 1000. Concentrator

collectors only accept direct radiation and therefore require trackling 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/mz—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 1s therefore recommended that concentrator systems be also considered for
some regions of the country.

Specific resource data for sclected 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 technologlies are
ready for certain markets, but none are considered mature.

The major markets for photovoltalc systems are stand-alone; consumer
products; grid-connected residential and commercial (Iintermediate) power; and
central station utility power.

A.2.4.1 Stand-Alone Market

Stand-alone applications refer to those systems not linked to utilicy
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 proje~ts are still being conducted to verify
system performance in different remote environments, PV systems for remote ap-

plications are essentially past the demcnstration 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 Productg

Next to the remote systems market, consumer product applications represent
the only other currently profitable photovoltaic market. Thoy 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 photovoltalc industry.
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HOURLY AVERAGE OF THE SOLAR IRRADIATION (KW/mz)
ON A CLEAR DAY IN HELWAN (CAIRO)

EXHIBIT

A

14

i
Time Jan Feb Mar Apr May Jun Jul g \ug 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 .65 0.82 1 0.77 0.75 0.76 0.75 0.75 0.75 0.75 0.70 0.65
9 0.86 0.82 ; 0.95 ; 0.87 0.84 .83 ; 0.81 ' 0.84 0.85 0.86 0.84 0.82
! |
10 0.94 ! 0.93 E 0.91 0.91 0.88 0.87 | 0.87 | 0.85 0.83 0.89 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 E 0.93
12 0.99 0.99 } 1.G5 0.93 0.91 0.91 0.38 0.90 0.91 0.92 0.93 { 0.95
(noon)




EXHIBIT A.'5

ANNUAL FREQUENCY OF WEATHE
STAT

R PHENOMENA IN A SELECTION
OF MET. I

ONS IN EGYPT

FREQUENCY OF DAYS OF
Dust or i Dust or | Total ! Total
STATIONS Fog Mist Total | Sand ‘ Sandstorm | 3+4 | Annual

(1) (2) 142 | rising (3) (4) L () (6)

Marsa-Matruh 7.4 4.5 11.9 12.7 7.2 L 19.9 31.8
Alexandria 20.1 21.5 41.6 7.9 2.4 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 39.1
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
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EXHIBIT A. 16

CLOUDINESS
HOURLY MEAN VALUES
IN THE PERIOD (0600-1800)

STATION Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | ANNUAL
Sidi-Barrani 4.6 3.9 3.2 3.4 2.5 1.8 1.4 1.5 1.7 2.5 3.7 4.1 2.9
Marsa-Matruh 4.5 3.9 3.4 3.5 2.5 1.5 1.3 1.9 1.9 2.5 4.1 e 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
Damietta 3.3 3.5 2.8 3.1 1.6 0.8 0.7 1.2 1.3 1.6 3.1 3.4 22
Port-Said 2.8 2.9 2.3 2.5 1.4 0.7 0.7 0.9 1.0 1.3 2.3 3.0 1.8
Tahrir 3.5 3.7 2.9 3.2 1.9 0.8 0.6 1.1 1.4 1.4 3.2 3.7 2.3
Tantfa 3.2 '3.3 2.9 2.6 1.6 0.8 0.9 1.3 1.3 1.4 3.1 3.2 2.1
Bahteem 2.8 3.0 2.3 2.7 1.4 0.4 0.5 0.9 1.0 1.1 2.2 2.7 1.8
Almaza 3.2 3.7 2.9 3.1 1.8 0.6 0.9 1.2 1.3 1.4 2.9 3.2 2.2
Giza 3.0 3.2 2.5 2.8 1.7 0.6 0.5 0.8 1.1 1.1 2.5 3.0 1.9
Swia 3.1 2.8 2.5 2.6 1.9 0.4 0.3 0.6 0.7 0.8 2.0 2.6 1.7
Kharga 1.8 1.8 1.3 1.6 1.1 0.2 0.2 0.2 0.2 0.2 1.0 1.3 0.9
Minya 2.3 2.4 2.1 2.3 1.5 0.3 0.2 0.3 0.4 0.4 1.7 2.0 1.3
Hurghada 2.3 2.4 2.0 2.3 1.3 0.1 0.3 0.2 0.3 0.3 1.4 2.1 1.3




A.2.4.3 Grid—Conngctqd»Rvyﬁﬂquiq}"gnq Intermediate

PV systems for these applications are vdisentially In the demonstration
phases. The majority of the srid-interacrive systems operating today have
been sponsored bv the U.S. Department of Euergy (DOE).

Tt has been proven that ¥ o i farerface with utilfties and provide utiliey-
quality power; however, such systems dre not cost etffective, and thereforo
PV is not ready for this market .ot present.,

At the present time, these mirbetls are not being actively pursued by the
U.S. industry. U.S. Industry hias tarpeted [ts efforts toward remote and
central statlon utllity applications.

A.2.4.4 Central Station Vtility Power

Like the stand-alone applicvations, central station power systems have
been developed primarily by U.y, industry. 1982 marked the beginning of private
sector Installatioa of four, megawat t-sfze systems to supply power to three
secparate California utilitcies.

Although megawatt-size Systems take advantage of economies of scale,
utilivy applicatlons are still not cost effective. PV research in the U.S. {s
geared toward reaching cost-competitiveness in the U.S. utility market.

In summary, while PV has buen proven relfable for the full-range of
applications, 1t is only economic, and therefore "ready,” for the remote
systems and consumer products wmariets. Exhibit A.17 shows market share of the
various applications for 1982 and 1957,

Egyptian exposure to photuvolrales has been primarily through stand-alone
applications. Stand-alone applications will continue to be the ma jor market in
Egypt in light of Lgyptian activitles rto develop the scarcely populated regions
of the country.

PV systems offer an appropriate solution to fuel supply uncercainties
and the maintenance problems of remote diesel generators. Probably the only
type of malntenance that would be 1ccommended for the Egyptian environment
Is to clear the modules of dust accumulation.  The system can be oversized according
to the length of time between visits.

PV systems also offer the advantages of power flexibility (AC versus Dne),
short construction perfods, easy scaleability and environmental acceptability.

Aside from the economi: considerations for PV in certain applications,
the major disadvantages of PV arc as tollows:

(1) Storage Requirements - Since PV systems can produce power only when
it is sunny, storage fis required to be able to use power at night
and on cloudy days.

(2) Fragility - PV modules can be caslly damapged by animals, stones, hail,
etc.
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(3) Space Requirements - Because system efficiencles are low, a large
module area is necessary for large power requirements. (For example,
a 1-MWp facility o Calitornla is using 8 hectares),

A.2.5 Econoumlc Viabilfty

Uuttl about ten years ago, PV cells had been developed primarily for space
satellite applicattons. Hfpgh conversion cificlency was the primary concern,
and costs were not g major factor. For terrestrial applications, however,

expense has been the critical barricr (o widespread uttlizattion of pyv.

Typically, 50 to 795 percent of pv system costs can be attriboted to the
modules.  The roma Intug costs, or the balance of systen (BOSY, Include all
subsystems and components exelus(ve of the cells and modules that are needed
for a fully funcrional Systoen.

Todav, PV module prices range from 5 to 12 dollarg per peak wact.  The
fange reflects the quantity of modnles purchased.  The $5/Wp price represents
ARCO Solar's bid ror Phase 1L of tl. Sacramento Munfcipal Htility Distriee's
(SMUD-11), I-MWp project. In the saall-to-medium-size range, prices start at
approximately $7/Wp. Exhibit A 1% shows how the average PV omodule price has
decreased since 1976.

Installed system prices range frowm about SI0 to S30/Wp, depending upon
the location and the particuiar applicatlon.  The lowast price, $10/Wp, 1Is for the
1=-MWp, SHUD~II project. At these prices, PV is cost-competitive for many
Temote applications, but not for utltlity=interactive systems. At remote sites,

PV is in competition with the extension of uti{lity lines (which in the U.S. can
cost $20,000 per mile), diesels (high 0&M and fuel costs) and batter!es {(high
inftial costs),

The potential for PV applications in Egypt as a function of remoteness
is as follows:

Populated Areas:

- long-term potential (late 1990's) for general city/village electrification
- 1Immediate potential for portable equipment

Medium Remote Areas:

=~ medium-term (early 1990's) potential for most applications

- lImmediate potential for cathodlic protection and portable applications
Remote Areas:

- 1mmediate potential for most applications with low to moderate Pl r
requirements.
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AVERAGE PV MOPULE PRICE

(CURRENT $/Wp)

30

20

10

EXHIBIT A-18
AVERAGE MODULE PRICES : 1976 - 1983

76 77 78 79 80 81 82 83

YEAR

DATA STRATEGIES UNLIMITED
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A.2.6 Industry Status

The world leader in photovoltaic systems technology and production has
traditionally been the U.S. 1n the past elpght years, more than 75 per-ent
of the peak capacity in the world has been Installed by .S, firms. More
recently, however, the U.3. lteadershitp posttion has decreased from an 85 percent
market share in 1980 to 62 perceant in 1983, This decrease can be largely
attotbuted to Japan's aggressive activities in consumer product appllcations.
Exhibft A.19 shows world shipucats by geopraphic region.

Exhibit A.19
Photovoltatic Shipnents#

(MW)
1980 1981 1982 1983
U.S. 2.8 ( 85%) 4.0 ( 75%) b6 ( 60%) 9.6 ( £2%)
Japan 0.1 ( 22) 0.5 ( 9%) 1.5 ( 19%2) 3.3 ( 21%)
Europe 0.4 ( 122) 0.8 ( 15%) 1.5 ( 19%) 2.4 ( 15%)
Other 0 ( 1%) 0.1 ( 1%) 0.2 ( 2%) L300 22)
Total 3.3 (100%) 5.3 (100% 7.8 (1007 15.6 (1007)

*Data from Strategies Unlimited

U.S and Japanese {involvement in PV can be characterized by technology
and application markets. ‘the U.S. ig clearly the dominant figuve in first and
second generation technologles. Flrms have used these technologles 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, shorcly after entering the PV fleld, became extremely suc-
cessful in the consumer products marker. It has only been recently, that
Japanese firms have expressed fnterest in the remote applications market.

Although the U.S. fudustry has continucd to experience growth and
maintain its world Teadership position, 1t {s nevertheless young and fragile.
Its fragile structure, tyrical of young industries, {s evidenced by low
profitability, corporate turnover, cxcess capacity and high dependence
on federal support.

The Japanese, however, have a smaller, but more stable PV industry.
They were able to quickly capitalize on a profitable market, whereas
1t took many years for U.S. Industry to begin to profit (and to a much lesser
extent) {n the remote power narket.

As in the U.S., the maijor manufacturers {n Japan are supported by large
industries. The Japanese firms that are most 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 photovoltaic industry. The manufacturers and
assembly 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.



The U.S. PV industry offers a wide variety of equipment to choose from:
collectors made from single-crystal, polycrystalline and a-Si materfals; con-
centrator and flat plate collectors; fixed, tiltable and tracking support
structures; controllers, inverters and converters: and DC and AC end-use
equipment. TIndividual PV system compouents can be obtalned from respective
manufacturers, or their distributors; turn-key systems can be purchased
through a systems integrator or module manufacturer. Mest ma jor manufacturers
also supply packaged systems for certain applications.

A.2.7 R&D Thrusts

The key thrusts of PV R&D are to reduce the cost and ralse the efficiency
of systems so they can be competitive In a wider variety of applications. ©py
systems can be divided into the modules and the balance of system (BOS).

BOS technologies are so well developed that additional significant
Lmprovements are unlikely to come from further research. Advancements in these
areas will come from better destpns, achieved through Increased experfence, and
mass production. Thus, current rescarch ls directed toward improvements in
the modules.

The maturity of various PV technologies is indicated in Exhibit A.20
There 1s a constant tradeoff between the cost and efficlency 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
efficlency toward silicon's theorctiral limits and at reducing material costs.

Cast polycrystalline silicon cells are less efficlent 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 fmproving efficiency
and reducing material costs.

Ribbon cells offer a more automated production process; however, once
again, manufacturing cost improvements have been at the sacrifice of further
efficlency. R&D efforts ar: underway to resolve g-ueric growth impediments
and performance-limiting churacteristics.

Concentrator technologies offer the opportunity to use much smaller cells
(2.5 em versus 10 cm in diameter) and generate more power per unlt area. R&D
in this area involves increasing concentration ratios and heat dissipation
from the cells and developing improved tracking mechanisms.

A-S51i technology is probably the most publicized PV materisl of recent years.
A-S1 cells use 100 times less silicon than sfngle-crystal cells. Thercfore,
its potential for inexpensive products {s very high. MHowever, 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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PHOTOVOLTAICS

Technology Maturity

LE-V

NEW OPTIONS

CTHER THIN FILMS

GALLIUN, RSENIDE

STACKED CELLS

AMORPHOUS SILICON

CONCENTRATORS

SILICON RIBBON

CAST POLYCRYSTALLINE

CZOCHRALSK!

IMMATURE MATURING

MATURE




The other options in Exhibit A.20 are still 1in preliminary research stages.
Gallium arsenide (GaAs) 1s looked at with promise as thin-film materfal in
stacked cells. 1In single-crystal form, CaiAs alloys have ylelded the highest
efficlency of any material to date and are extremely stable; however, GaAs
1s an extremely expensive material and therefore has only been used commercially
for space applications. As a thin film fn a stacked cell for a concentrat ing
system, GaAs may prove to be cost-cffect ive.

A.2.8 Relevant Egyptian/Worldwide Experfence {n Using PV

Egyptian PV-related activitices are summarized in Exhibit A.21. 1In the
U.S. alone, the number of PV installations has soared from just a few systems
in 1974 te tens of thousands in 1Y84. Systems funded by the U.S. Department
of Energy (DOE) are summarized in Exhibit A.22. Gther U.S. Systems include
five central stattion facilities, an estimated 6000 remotc homes, and thousands
of other stand-alone systoems.

Along with the U.S., several other countries have strong PV research and
applicatiuns experience.  These countries include Japan, France, Geluany,
Belgium, Italy, Unfted Kingdom, Holland, Spaln, India, Australia, Canada and
Brazil.

Worldwide, almost 10,000 communications systems, about 1,000 cathodic
protection system, more than 5,000 navigational aids and more than 1,00 railroad
alds are installed each vear. In 1983, on the order of 2,500 rural eletrification
system were Installed. A fractfon of the PV systems that have been installed
in developing countries are identified in Exhibit A.23.
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EXHIETT A2
EGYPT AL pV

EGYPTIAN INSTITUTION

SPORSORT NG

ENPERIENCE

PV ACTIVITY

__ORGANTEAT roxn

Ministry of Electricirty
and Energy

National Research Centre

Cairo University

Ein Shams University

University of Alexandria

Assyout. University
Helwan University

American University in
Cairo (AUC)

!

French Government

German Government

US Government,
(USAID)

French Covernment:

U.S. Government:

French Government

Dut.ch Government

French Government
U.S. Government

U.S. Government
(NSF)

World Bank

10 kW refrigeratfon system
(High Dam Lake)

Evaluation of 'V cells (in
cooperdation with National
Research Cenrre

Irrigation pump resting
Supply of ren PV systems
({nclude navaids, pumps,
refrigerator)
Desalination, pumping,

refrigeration and village

electrification svstoms

Silicon and cadnium~sulfide

cell research

Development of linear electric
generartor for PV and wind

Silicon cell testing and
manufacture

Cathodic protection research
Theoretical PV system research
Amorphous silicon cell lab
Silicon cell manufacture

Manufacture and assembly of
cells and modules

Cell research

Production and ftesting of cells
PV system testing (Basaisa)
Desert development (Sadar Ciry)

= 10 kW elecrrification system
= 5 kW pumping system
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TYPE

CENTRAL STATION

GRID-CONNECTED INTFRMEDIATE-SIZE

GRID-CONNECTED RESIDENTIAL-SIZE

FEDERAL PHOTOVOLTAIC UTILIZATION

PROGRAM

OTHER STAND-ALONE

TOTAL

EXHIBIT A.22

U.S. DEPARTMENT OF ENERGY
SYSTEMS EXPERIMENTS

NUMBER OF

PROJECTS

3,164

13

3,185

*DOE PLANS TO EXPAND THIS PROJECT TO 2,000 KWp in 1985.

AGGREGATE
CAPACITY (KWp)

1,000%
1,200
120

600

800

3,720



REGION: Africa

Country
e s e ek,

Bot swana

French Somaliland

Gabon

Gambia

Ivory Coast

Kenya

Lesotho

Liberia

Mali

Mauritania

pvV

Site

Djibouti
Bolossoville
Bougand ji
Donquila
Nyali

Gun jur
Kaur

Mence
Niofouln
Zaranou

Ikutha

Kibwezi

Suehn

Quelessebougou

EXHIRIT A.C3

PROJECT LISTING

Application

Pumping

Pumping

Rural Flectrificarion
Rural Electrification
Rural Elecrtrificarion
Rural Eleetrificarion

Refripgerarion
lefriperation

Refrigerarion
Refrigeration
lefrigerarion

Refrigeration
Comuunicat iong
Lighting

Sterilization
Refrigeration
Communications
Lighting

Sterilization

Lighting
Communications

lefrigeration

Pump ing

Agri Processing
Pumping

Apri Processing
Lighting
Pumping
Refrigeration
Pumping

Pumping
Refrigeration

Rural Electri-
fication

A

!

41

gponsor

USATID/Botswana/
Peare Corps

USATD
LSDHoL
UShnik
UsDUL
Ushot;

cnce
che

USAID
cnc
cne

USAID

USAID

USAID

USAID

USAID
USAID

USAID/Mali/Peace Corps

Europcan Dev. Fund

UNDP
USAID

USAID



EXIIIRTT A

.3 (Cont.)

PV PROJECT LISTIN

REGION: Africa (Cont'd)
Niger
Nigeria
Rwanda
Senegal
Mt. Roland
Tanzania
Upper Volta Orodara
Tangaye
Zaire
Kionzo
Zimbabwe Chikwakwa
Chiota
REGION: Asia
Fiji
India Bhoorbaral
Indonesia Batujaja
Cibung Bulang
Maldives Kuluduffushi
Marshall Islands Utirik
Pakistan Sialkot
Philippines
Thailand

Tambon Tha Thong

*]

ABBli:zpion

Pumping

Pumping

Pumpinyg

Punping

Lighting
Refrigeration

Rural Electrification
Refrigeration

Apri Processing

Pumping

Communicarions
Refrigeration
Refriperation
Communications
Lighting
Sterilization
efrigerarion

Refrigeration
Refrigeration
Refrigerarion

tural Elecrtrification
Communications
Refrigeration

Rural Electrification
Rural Electrification
Pumping

Communication
Refrigeration
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Sponsor

USAID

USAID/Rwanda

USAID
USAID
USAID/Upper Volta
USAID

USATD

USAID

USAID

cbcC

USAID
USAID
W. Germany
USAID

cne

USDOE

UNDP
W. Germany

World Bank
USAID



REGION:

EXHIBLI

SO0 (Conty)

PVOPROJECT LISTING

Latin America/Caribbean

Country
Columbia

Dominican Republic

Ecuador

Guatemala

Guyana

Haiti
Honduras

Peru

St. Vincent &

The Grenadines

REGION: Near East

Egypr

Jordan

Morocco

Oman

Site
Bocas Del Paln

Las Tablas

Pelro Vicente
Malonado

Comuna Cobos
Tierra Blanco
Kumuka

Sand Creek

Waramur i

Schepmoed
Anse~A-Veau
Aldea Las Selvas
Pucara

Canovan
New Sandy Bay

Basaisa Village

Sadar Ciry
Sadat City

Bouaboute

Applicarion
Refrigeration
Refrigeration

Wfrigerarion
Communicartions
Lipghting
Pumning
Sterilicarion
Refriperation

lefrigerarion

Medical Electric
Power

Hodical Fleetric

Power
Refrigeriation
Lighrinyg
Communications
Sterilization
Refrigeration

Refrigeration
Refrigeration
Refriperation

Refrigeration
lefrigeration

Communications
Pumping
Pumping
Communications
Lighting

Refrigeration
Communicartions
Pumping

Refrigeration

Communications
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SBonsor
CchC

USAID

USAID

USAID

IJSAID

IADB/Guyana Minisrry

of Health

IADB/Guyana Minlstry

of Health
USAID

USAID
USAID
USAID
cnc

USAID
USAID

World Bank
World Bank

USAID
W. Germany
W. Germany

USAID



EXHII

Py

REGION: Near East (Cont'd)
Counrtry Site
Saud]l Arabla Jeddah

Tunisia

United Arab
Emirates

Yemen

Bir Amama
Es-Smirat
Hamman Biadha
Hamman Biadha

Hamman Biadha

Dubai

i
s

T

5005 (Contl)

PROJECT LISTING

Ap_p ]._I cat i()l.l_

Desalination
Rural flecrtritication

Refriperation
Refrigeration
Pitip ing,
Communicar {ons
Livhting
Refripgeration
Communications
Lighting
Pumping
Refrigeration

Lighting

Pumping
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Sponsor

USDOE/Saudi Arabia
USAID
USAID

USAID/Tunisia
USAID/Tunisia

USAID/Tunisia

Private



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 conceuntrates 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 including industrial
and agricultural process heat, cogencration (total energy), electrical genevation,
and repowering existing electric power plants.

A.3.2 Technology Description

The primary focus of the solar thermal technology is the development of
three wijor solar thermal concentrating collector concepts: central receivers,
parabolic dishes, and parabolic troughs (Exhibit A.24). Temperature capability,

technology and various application options 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 up 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 1ine of the parahola. A working flufd in the receiver is
heated by the concentrated sunlipht and this ecnergy Is Lransported to the point
of use by the fluid eirculating in a piping system. Due to lower operating
temperatures of 100°C to 315°C, troughs are usually considered to be most
suitable for industrial process heat applications.
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IPH : Industrial Process Heat
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In addition to concentrators and receivers, most solar thermal plants
utilize thermal transport and have the valuablec option of including thermal
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 1is needed.
Thus storage provides energy on demand, not just when the sun {s shining. 2o

complete a solar thermal system, energy conversion subsystems and balance 4f
plants are required. Energy conversion includes equipment related to a plant'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 satisfy almost any desired capacity.

Dish-electric modules, each containing a heat engine, can produce as little as a
few kilowatts of 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
with potentially inexpensive storage. Modular parabolic trough systems have

been manufactured that can satisfy coummercial 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 dem-
onstrated from time to time since the beginning of the twentieth century. 0Oixe 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
i1s 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 powe™ output as high as 12 MWe and
is capable of providing electricity for a community with 10,000 houses. Saveral
other central receiver systems have been built and operated in various countries
worldwide ranging in power output from 100 kWe to few megawdatts., A 500 kWe
central receiver system located in Almeria, Spain was successfully constructad
and operated by the International Energy Agency. Central recelver systems have
been constructed and operated in Japan, Australia, Italy, USSR, and Spain.

Also, a 750 kWe central receiver nolten salt electric experiment in Albuquerque,
New Mexico is evaluating the technical and economic feasibllity 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 cogeneration facilicty
using 114 seven meter parabolic dishes was designed and constructed at Shenandoah,
Georgia to supply the adjacent knitwear factory with 100-400 kWe output and
process steam at 74°C for pressing fabric, and at 43°C for cooling of 25,000
square feet of floor space. The system can produce 626 kg/hr of process steam




(74°F) at 137 psi and can provide 257 tons of cooling (29°C water) for air
conditioning.

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
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 stage

various countries such as Kuwait, Qatar, and Saudi Arabia.

The parabolic trough concey: is the most highly developed of the major
solar thermal technologies. It hii a well defined range of applications at
temperatures below 400°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 fo three pumping (irrigation) projects at Arizona
and New Mexico. These experiments established the feasibllity of using solar

trough technology for irrigation applicationy. 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 100°C and steam at 182°C 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 parabolilic trough experiments

proved the ability of trough technology to achieve an efficiency of 60% at

157°C 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 potentfal %o capture a share of the in-
dustrial market with applications such as mecnanical parts and car washing,
bleaching, air-conditioning, potato frying, beer brewing, latex production,
sterilizing, enhanced oil-recovery and oil refining. Parabolic troughs, which
are mainiy 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 golar energy to repower or
retrofit a utility or industry currently using a fossil-fired system, or in
stand-alone systems. Other solar thermal applications are for cogeneration and
total energy systems, each of wb. 'h produces both heai. and electricity. Central
recelvers, parabolic dishes, and to some extent, parabolic troughs are all

in




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 varlous applications;
providing valuable technical information; and valldating 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 Ttaly.

A final use being studied for solar thermal systems 1s the production of

transportable fuels and chemicals from renewable feedstocks. This technology
has been investigated on a laboratory scale and several candidate processes have
been identified. However, it will take many years to fully develop it on a

commercial scale.

A.3.6 Economic Viability

Currently solar thermal technologies are too costly to be competitive with
conventional energy sources in the U.S. Advanced components and systems with
lmproved efficiency and lower cost are currently being developed by the solar
thermal research and development community.

Parabolic trough technology has the mosc 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 & minimum cost of
about. Advanced trough concentrator systems have a potential for achieving
costs of about $400/kWt.

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
chis technology option economically viable in the near future. Lower manufacturing,
field installation and 0&M costs and increased parabolic dish system efficliency
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 $4600/kWe and

$1300/kWt. Cost 1is 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 315°C 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. Solar thermal 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
acrospace and petroleum companies. In the past decade, nearly all private
sales and most private inftiatives 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 utilities {n 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 cther private companies involved in the design, production and

installation of the solar thermal equipment have participated in various solar

thermal Lrojects throughout the world. In the past decade the following major

solar thermal projects were undertaken worldwide:

o 500 kWe central receiver and 500 kWe parabolie Erough project sponsored
by the Internmational Energy Agency and located at Almeria, Spain;

o 1 MWe central receiver and | MWe parabolic collector system located at
Kagawa, Japan;

o 1.2 MWe central recelver CESA-1 project located at Almeria, Spain
ad jacent to the IEA solar thermal projects; and

0 2 MWe central receiver project located at Targassone, France.

In addition, solar thermal iundustry 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 acve 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. 1In
dish-electric systems where thermal transport {s not a problem, R&D 15 needed
to develop more efficient and relfable heat engines.

For central receiver systems, development of high temperature components
that can provide system operating temperatures of greater than 538°C 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-alcne 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, Nat{onal 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:

l. A power generatlon project in cooperation with the U.S. under a renewable
agreement (January 1975-June 1978) in which the collector array 1s made
up of three heliostats having a total area of 108m2, with paraboloidal
concentration. Steam is produced at 220°C 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 (December 1976-1979) operated
a site which extended over an area of 8000 m¢ with Cylindro-parabolic
type collectors producing hot water at 110°C under six atmospheric
pressure.

b. The Ministry of Electricity and Energy (Cairo) in 1976 formed a “Solar Energy
Commission” which was replaced {n 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.

Cls 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.




e. In the Electrical Engineering Department of Al-Manjurah University, theor-
etical work on collectors for power generation has been undertaken.

f. Insolation in Egypt {s recorded by the Department of Meteorology.

g. Several other experimental and basic research studies on the laboratory
scale are being conducted at various Fgvptian Universities.

h. Exhibit A.26 is a representative list of countries having activities in
high temperature solar thermal techunology.
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COUNTRY

1. Australia

2. Corsica

3. Egypt

4. France

5. VWest
Germany

6. Israel

7. 1Italy

EXHIBIT A.26 COUNTRIES HAVING ACTIVITIES IN SOLAR

PROJECT

Solar Power
Station
(mecka Tharra)

Solar Power
Plant
(Ajaccio)

Thermal Power
Project

Solar Power
Plant at
Targasonne

Process Heat
Generation

2 Solar
Heating Plants

Solar Plant
EURELIOS
(Adrano, Sicily)

POWER

OUTPUT

100 kW

300 kw

10 kw

2.5 MWe

2-4 MBtu
of steanm.

1 MWe

POWER
SOURCE

30 Concen-~
trating
Collectors

1200m2 seg-
mented mirror
heliostats
{CEA)

Cylindro
Paraholic
Collectors
{(LIEBD)

and
array of 800m2
hek bowl-type
bllectors

~

MAN Concen-
trating
Collecrors

Parabolic
Trough
Collectors
(LUZ Inter-
national)

112 MBB type
heliostat each
24m2; 70 cethal
Type heliostar
each 54m2.

START
DATE

1981

1982

1982

1982

1982

1981-82

1981

THERMAL TECHNOLOGY

STONSOR/

CLIENT

State Electricity
Company of Western
Australia (SECWA)

Solar Energy
Commiesion (SEC)

COMES and French
Agency for rhe
Management. of
Energy (FAME)

EEC

Gibor Textiles
SHK Association

Italian State
Electricity Co.
(ENEL)
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COUNTRY

8. Japan

9. Japan

10. Kuwait

11. Qatar

12. Spain

13. Spain

14. Spain

15. UsA

16. UsA

17. usa

EXHIBIT A.26 COUNTRIES HAVING ACTIVITIES IN SOLAR THERMAL TECHNOLOGY (Cont.)

PROJECT

Sunshine
Pro ject
(Nio~Cho)

Solar Thermal
Plant (Nio-Cho)

Solar Thermal

Power/Desalination

Plant

Desalination
Plants

Solar Plant
CESA 1 (Almeria)

Central Receiver
SSPS Project
(Almeria)

Distributad
Collecror SSPS

Project (Almeria)

Solar Test
Facility
(Albuquerque)

Solar One
(Daggett,
California)

Industrial
Process Heat
Projects

POWER

QUTPUT

1 MWe

1 MWe

100 kW

1.2 MWe

500 kWe

500 kWe

5 MWt

10 MWe

Various out-
put levels of
process steam

POWER
SOURCE

807 Heliostar
each 54m2

124 Parabolic
Collectors

Parabolic
Collector

Parabolic
Collectors

300 heliostats
each 40 m2

93 heliostats
each 40m2

Parabolic
Trough
(Acurex & Man)

222 heliostats
each 35m2

1818 heliostars

each 54m2

Parabolic
rtrough
collectors

START
DATE

1981

1981

1981

1982

1981

1981

1978

1982

1975-1982

SPONSOR/
CLIENT

Government

Government

KISR

Industrial
NDevelopment
Technical Center

Sparish Industry

ves o
Ministry

International
Energy Agency
(IEA)

IEA

Energy Department

Energy Department

Energy Department



A4 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 gencrators 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 for
centuries. 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 technolopies 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. 1In 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, 1f 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-condensible
gases which escape from the vapor as it expands and cools.

High temperature (>150°C), liquid dominated geothermal reservoirs can be
used to generate electricity with flasled 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. 1In 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 wiiere electricity is generated, similar to dry
steam energy conversion. The liquid 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 solids 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 isobutane. These fluids,
with their low boiling points, will vaporize in the heat transfer process. The




vaporized working fluid is then expanded through the turbine and is condensed
upon exit. It is subsequently returned to the heat exchanger, completing a
closed cycle. The spent geothermat! 1luld from rhe heat exchanger Is relnjected
into the ground. The working fluld never comes foto contact with the geothermal
brine, ellminating corresion problems fu the power cyele.  The brine fs not
permitted to flash Into steaw thus timiiing the deposition of solids In the
System.,

Total flow geothermal system: expand rhe brine from the Hquid phase
directly without the intermediate process of flashing 1t fnto steam. By avolding
the losses in the fiashing and scparation processes, total {low expanders have
a higher theoretical efficiency. There arce a number of expander types which
may be used in total flow systems, .o, axial tlow turblnes, Frances turblnes,
Pelton wheels, hellcal screw cxpanders, cte. These systems are primacily belng
considered for high temperature (150 ) applications.

The direct use of geotherwal encrgy delivers heat from a geothermal fluid
to any process requlring ft. Generally, the temperature {s limited rto the
wellhead temperature, although supplementary heating by fossil or other fuels has
been used in certaln cases. Most Jdircot applications of geothermal energy use
low temperature (<90°C) resources which cannot be used to generate electricity,
There L5 no technlcal reason to liwit divect use to this temperature raange.

The advantages of geothermsl encerpy, from a technical standpolnt, lie
primarily in the form of energy outpur and the relatively low level of sophis-
tication of the technology. Electricity and heat derived from geothermal
resources are constant, reliable supplics, suitable for local use or for coanection
to the grid. From a technology standpoint, oil and gas expericnce s directly
applicable to geothermal cnergy cutraction in drilling, well completisn, and
surface transport ol fluids. The construction and operation of geothermal
power plants is similar to that of hydroclectric or conventional steam plants.

The primary disadvantage assocfated with geothermal energy Is related to the
resource ltself. Successful utilization of geothermal energy requlres a reservoir
of adequate size, temperature, and permeablility.  Often, expensive exploration
programs will fail to locate resources adequate for the planned use. In addition,
the use of geothermal energy for process heating applications requires the end
use to be near the wells, a fact which may not be 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 reglon. Evidence does support the possibility of medium enthalpy
(>90°C) geothermal systems along the Red Sea coast.

The most favorable zones for peothermal exploration exist along the
border of the Gulf of Suez. Hot springs along the eastern shore and {n the Sinatl
have surface temperatures as high as 70°C. This zone could extend as far west
as Calro and the Favoum oasis and Wadi Natrum areas based on geochemical data,
extinct geysers, and historic seismicity of these areas.
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Investigations in the Western Desert do not indicate the existence of
hydrothermal systems but water from deep lying aquifers could be used in direct
applications of geothermal enerpwv. Deep artesian aquifers with temperatures
in the range of 35-45°C underlic much of the Westorn Desert.  Some evidence
exists that similar aquifers wav exlist in the Fastern Desert between the Nile
and the Red Sea.

The Jebel Uwernat area of southweat Egypt has undergone thermal activity
in the recent past, as evidenced by cxtinet peysers In the reglon. The remoteness
of this area most likely precludes the exploltation of any geothermal resources
which may exist.

A.4.4 Economic Viability

The cconomics of geothermal energy is strongly dependent on resource
characteristics such as temperature, depth, possible flow rates, and brine
chemistry. Other important cost factors include accessibility of the resource
and rock hardness. Beforo any specltic costing of a project can be performed,
exploration 1s needed to adequately define the geothermal reservolr. A number
of projects have met the debacle of fnvesting substantlial funds fn drilling
only to be forced to terminate the project when sufficient geothermal resources
could not be located.

Exhibit A.27 gives Installation cist estimates for geothermal energy extrac-—

tion. These values are calculated for projects assuming resource exploration
has been completed.

EXHIBIT A.27

ESTIMATED INSTALIATION COSTS FOR GEQOTHERMAL ENERGY CAPACITY

(1983 )
Eifﬁffwyfﬁ, Binary Electric Flash Steam

Well Drilling $6-37/kWth $228-492 /kWe §171-369/kWe
Plant Costs $4-15/kWth §718-1129/kWe $513-923/kWe
Total $10-52/kWth §946-1621/kWe $684-1292/kWe
Typical Operating Factor e .65 .65

Net Total Cost $25-130/kWth $1454~2494 /kWe $1052-1988/kWe
Project Life 10-15 yrs. 20-30 yrs. 20-30 yrs.



A.4.5 1Industry Status

Ignoring vapor dominated geothermal systems, which exist in only a few
places in the world, there are threo technologles which can produce electricity
from geothermal resources: flashoed steam, binary cycle, and total flow.

Flashed steam technology “s commercially proven and exlsts in many placesg
throughout the world. 1t is primarily assoctated with high temperature resources
(>150°C) .

Binary cycle technology has heen proven commercifally successful in penarating
electricity from temperatures as low as 109°C for small scale unfts (<10 MW).
A 50 MW demonstration project wsing binary technology, sponsored by the U.5.
Department of Energy, (s scheduled to come on-Tine in mid-1985% at tleber, California.
Field tests have also been conduact od senerating electiicfity with wellhead
temperatures as low as 81°C but these tests fell short of demonstrating conmercial
feasibility. TPFuther ref fnement or sub=holling blinary technology fis anticipated
In the near future.

Total flow systems for electric production have been subjected to considerable
laboratory tests bur have wndergone only limited evaluatlon in the field and no
commercial applications are fmwinenr. Most testing has centered around systems
for high temperaturce bLrines (3007°0).

The direct use of geothermal energy ls a commercially proven technology
with fnnumerable projects eslsting throughout the world.

The structure ot the geothermal Industry is set by the three ma inr phases
which make up geothermal exploration and development.  These are resource
exploration, field development, and cnd-use.

The exploration for geothermal energy 15 performed by a wide range of
organizations including swall and large exploration companies, government
agencles, and universities. The tools and techniques of geothermal exploration
are essentially those of petroleum and mineral exploration. These include
geologic mappling, geochemical sampling, remote sensing, surface geophyslcal
techniques (such as seismlc, magnetic, gravity, and electrical surveys), and
test well drilling.

Geothermal rield development includes well drilling and completion as well
as the construction of surface fluld distribution systems. This technology 1is
very similar to the development of an ofl or gas field. Geothermal well drilling
and completlon, with the exception of high temperature applications (>150°C)H,
is performed with essentially the same drilling rigs and hardware used in the
petroleum industry. The surface fluid distribution system 1s, again, very
similur to that in the oll and gas industry. As a result of these similarities
betveen field development technoloyy In the two industries, much of the same
infrastructure has emerged. The fie'd developers (often private or government
owned o1l companies) hire contractors to suppily equipment and services to drill
the well, much as they would in drilllng for petroleum. The drilling contractors
and service companies are, in most cases, the same companies which operate in
the oil industry.

For electricity production, geothermal power plants are designed and bulle
in the same manner and by the same architect/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. Most 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 1is 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 converslon 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
conversion systems; to extract useful heat from low permeabllity, 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 demon-
strate 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 reser-
voirs, 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 will e performed to provide a
technology base for future full scale binary project.

Major K&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 in
situ water. In this technique, two wells are drilled relatively close to each
other and fractures are then artificially created in the rock to connect them.
Water 1s pumped down one well and through the fractures, where the natural heat
cf the formation is transferred to the fluid. The heated water 1s then extracted
at the second well. This is generally referred to as "hot dry rock" geothermal
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and makes possible the extraction of enerygy in cases where sufficlent water

does not exist In the formation. ‘This technalogy has been demonstrated as
technically feasible, but many questions remain concorning economics and loang

term performance. 1t will probaily be sceveral yuars before -~ cowerceial application

1s possible.

The engincering feasibiiity ot 2Rtracting enerpy from molten magma chambery
{s anorher project belng undertaken by the U.S. Department of Energy.  The pro-
gram 1s designed to verify the exiotoence of selected shallow magma bodies, ro
develop suitable drilling technolopy 1o pain access to a magma chamber, and to
develcp the methods and technology for extracting the avallable enverpy.  Ulvi-
mately, a well will be drilled into a4 shallow (C10km) magma body, and eacrgy
extraction experiments will be conduct od. Work on this project commenced 1n
carly 1984. Current planning anticipates the determinat lon of ceconomle and
engineering feastbllicy by 1991, Commerclal applfcation would probably not
occur until the 21st century.

A.4.7 Relevant Experience in Egvpt Using Geothermal Technology

There has been no effort ta develop geothermal resources in Egypt to
date. A number of Investigations not spectfically directed at geothermal
exploration have provided some nowledee on development potential.

The sational Sclence Foundation of the Uafted States sponsored a program
In the late 1970's to study "The Egvptian Scction of the Afro-Arabian Plate
Boundary and Tectonic, of Egypt.” As a part of this etrort, several investi-
gations of heat flow and thernmal gradients yielded vailuable [nformation on the
geothermal resource potential of ¥ Exhibit A.28 outlines worldwide geothermal
projects.

Y pl.
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KNorth and
Qgpﬁyglmﬁmer{ca

Custa Rica

Guadaloupe

Guatewmsala

Mexico

Nicaragua

Panama
El Salvador

United States

“Africa

Ascenslon Island

Djibouti

Kenya

North Yemen

EXHIRIT A.2»

Projects Underway

Deep production well drilling at
Miravalles

6 MW plant under construction at
La Bonullante

Planning 15 MW plant at Zunil for
1986

Exploration at Amatitlan
Expansion of Cerro Prieto Power
Station. Drilling ot Los Azufres

an. Los Humerus

Drilling for Memstombo expansion.
Explecration at E1 Hoyo

Geothermal reconnaissance
Exploration at Chipilapa
Approximately 80 geothermal wells
drilled/year. Extensive explora-
tion ongolng

Projects Underway
Exploration complete, funding
requested for power plant
construction

Drilling 6 exploration wells

Expansion of Ollarie project,
exploration at Bburru

Drilling geothermal exploration
wells
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WORLDWIDE GZOTHERMAL

PROJECTS

Existing Installations

perating power plants,

35 MW plant at Momotombo

95 MW on line at Ahuachapan
Over 1400 Mwe on-line.

Over 200 direct uge pro-
jects existing

Existng Installations

2 15 MW power plants
operating at Olkarie


http:Exist.ng

Asia

China

Japan

Thailand

Austrelia and
South Pacific

Indonesia

New Zealand

Philippines

South America

Argentina

Peru

Europe

Azores

Denmark

Belgium

France

Germany (F.R.)

EXHIRIT ALy (CON'T)

Projects Underway

Expansion or Yanahajing power
project

Direct use studv near Beiljing
Exploration, drilling. Planning

for additional power plants

Exploration dritling at San
Kamphaeny

Projects Underway

Exploration and drilling in
various regions

Expansion of Kamojang Power
Plants

Exploration at Ohaaki and other
areas

Power Plant expansion, drilling,
exploration

Projects Underway

Exploration well in Copahue Field

Shallow drilling, exploration

Projects Underway

Exploration for low temperature
resources

Drilling for Jdistrict heating
demonstration at Inisted

Exploration {or low temperature
resources

Numerous direct use demonstration

projects

Direct use demdnstration project
Hot dry rock R&D at Urach
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Existing Installations

10 units, totaling H.l MW .

8 plante operating, lud MW
Numerous direct heat
applications

Existing Installations

30 MW at Kamojare

2 MW at Dieng

157 MW on-line at Wairakei,
10 MW at Kawerau

781 MW on iine in 4 regions

Existing Installations

Existing Installations

3 MW wellhead unit
greenhouse



Europe Projects Underway Existing Tnstallations

Great Britan Exploration for low temperature -
resources

Hot dry rock RaD at Cornwall

Greece Construction of 2 MW power plant -
ar. Milos

Exploration on Nisyros

Italy 2 15 MW plants under construction 42 operating plants
472 MW
Iceland Numerous direct use projects

including district heating
in Reykevik .41 MW clectric
capacity (Suartseugtl,
Krafla fields)

Sweden Direct use heating plant -
construction

Turkey Expansion ~f ¥{zildere field .5 MW at Kizildere,
Exploration greenhouses
USSR Experimental hot dry rock 11 MW plant at Pauzherka
research at Nuftekumsk and
Mutnouskaya
Hungary - Nunerous direct use
projects
(ugoslavia Numerous direct use
projects



Aeh Biomass

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 biomass to meet 90 percent of their energy needs for cooking
and heating. The lgyptian rural population depends upon bio-fuels to meet 50
percent of their energy needs. 1In the U.S., biomass supplies almost as much
enargy as nuclear reactors or hydroelectric plants.

In urban areas, sewage 1s typically collected through existing retworks
and thus is avallable for feeding {nto anaerobic dlgesters. The bilogas can eithar
be burned in internal combustion engines to generate electricity, 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. Family/village
size units may also prove feasible in rural settings using a combination 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 heating value of about 18,600 KJ/m3 or half that
of natural gas.

The potential for local design, construction and operation of blogas
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 and solar systems for
example, since biomass resources are not intermittent in nature but can produce
energy on demand.

A.5.2 Technology Description

Biomass 1s organic matter derived from plants and animals. There 1s no
8ingle biomass energy technology, but a number of biomass production techniques
and conversion technologies that are interrelated in various combinations.
Blomass 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 illustrates the biomass energy production
cycle.

The bio-energy technologies most used in rural areas of developing
countries include the burning of agricultural wastes in open—-fire stoves
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EXHIBIT A-29
CYCLE OF BIOMASS ENERGY PRODUCTION
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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 efficlencies 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 1s 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

Blochemical 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 bilo-fuels.

Anaerobic digestion provides an energy-efficient method for converting
very wet or otherwise low-quality blomass 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 technclogies are required. 1In 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%Z 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

Type of system

Application and inputs Scalet

Landhill

Single-tank piug
flow

Multilank balch
Sysiem

Single-tank
complete mix

Anaerobic contact

Two or three phase

Packed bed

Expanded beg

Mixed bed

Variable feed

Exisling and planned landlilis 2 x 10* tons of
municipal solio wasles
SEwage sludge warm
climales

All types of organics. farm
and leedlot operations

(28-acre
landghil
Smali 1o large

Can accept all lypes of
wasles. limitea app:ication
crop residues, grasses
chicken broilers, turkeys

All lypes of organics sewage
{realment. farm anc leedio!
municipal solig wasles

Sewage sludge anc other
organics. hmilea application
(see variatle leed)

Cellulosic feegstocks

Small 10 141

Small lo arge
Medium i
large

Medium it

IJ!’-g;-
Dilute organics —sewage Medwwm to
food-processing wasles latge

very gilule animal wastes —
industrial and commercial
Dilute organics—sewage
lood-processing wasles
Very gilule animal wasles

Undelermines

Sewage sludge. animal
wasles lood-processing
wasles—lairly ailute
mixlures

All types of organics farms
ana leeoliols

Small 1o
rLeciurr

$Scae oetinec as smali—0 10 30 000 g4l medwm=— 230 000

Wasie ang up

1o BD 000 Q3° andiarye - ove: 80 \}b._;..n

DIGESTER SYSTEMS

Stage of development Advantages
Commercial for * as (s
lanatills controlied 1and

liliing 1n pilo 5lages

Low cos!. tanks not re:

Low cos! simple gesign
can run high sohios
wasles can have gravily
feed ang gischarge

Simple low mainienance

low cost complete aiges
lton ol maternials

Commert ial in Asia

Commerci:

14 Proven reliability . works
well on all types of
wasles

Smaller lank sizes
operation not overly
critical

Allows more complele
gecomposition grealer
Gas yields greater load:
Ing rates lowe! retention
limes

High loaading rates
PossIbIE. short retention
limes

lor sewage

Pilot ec a1k

augdlit

Commercia

as wasle

Itealment lechnology

High loading rales low
lemperalure digestion
high quality gas short
retention fimes

Fas! throughpuls high
loading rates highe+
sohids inpul than packed
beds

Allows seasonal peaking of
gas proauction pre-
SErves nutnient value o
malena' low cos!

Pilot'scale

Conceplual—combines
plug llow with anaerobic
contacl

quired. high loading rates 5 .
possible nomoving parts  HillE gas usage ontite ma

Disagvantages

Gas generation may
10 yearsin " as i3
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heat loss. A subsequent conversion efficiency of 30 percent can be obtained if
the biogas 1s 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
operaticn covering 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 1llustrates 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 {tself may be built of steel or concrete.
An agitator 1is often used to mix the biomass perindically, improving bionpas
formation rate and reduclng 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 achleved by adding modules.

A vajor 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 1s one of waste
stabilization, killing most pathogenic bacteria and parasites contained in
manure and sewage, improved public health and hygiene from increased poliution
control is a further benefit.

A.5.2 Y Fermentation

Alsn 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
compustion 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 fermentatfon, and (3) distilling to remove ethanol
from the fermented solution. Ethanol can be produc~d 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 proncess increases with starches and especlally with cellulosic
feedstocks. 1In general, processes for ethanol production from.ccllulostic feed-—
stocks are more complex and larger in scale than those from starches and
Bugars.

A.5.3 Resource Availability

Because of their noncommercial nature, bio-energy resources are not readily
quantifiable. However, Exhibit A.32 presents estimates of the annual resource
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EXHIBIT A-3 1
ANAEROBIC DIGESTER DESIGNS

Chinese Design ol a Biogas Plant
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EXHIBIT 4-31 (cont’d)
ANAEROBIC DIGESTER DESIGNS (Cont’d)

Two-Stage Digester

Digecrar
> e —
Supernatant e
i da - a™’
e
1
SN RRRRNERT
Digestac
slugge
\[_ Digesten
St
Primary digaster Secondary migeste
Plug Flow Digestion System
- . .
15 ]
: Cross section
i
5
l _ Gas ulihzation systemn
L3'~—>1 -
Methane & CO Reactor neat
Feed pump
[agi) IR
SErals
i
| .
';".‘*:;.;fu‘;

Feeg recycie
.f"\"/.sl/\‘/\/l' ot
"’.‘\»\', '-.//:—\ NEPER

A-71



base available to Egypt. As this exhibit Indicates, the largest single biomass
energy resource is agricultural residues —- approximately 20 million tons annu-
ally. The principal residues are thoseo from cotton, sorghum, maize, sugarcane,
peanuts and seasame.

EXHIBIT A.32 ANNUAL BIOMASS RESOURCES IN EGYPT

Quantity on_ﬂf?lﬁp}i}J_Ton Enurgfr_ Conversion  Net Energy
Utilized as Content Efficliency Output
Resources Potential RERET E T ey A 1015 % Iq_sJ g
Agricultural 20x106 10x106 200 8 16
Residues

Animal Excreta 3x106 1.5%100 17 8 1.4
Animal Power 96 10 10
Municipal Refuse 2x106 - 27 =
Sewage Sludge 250x106 = 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
avallable 1in 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 1s estimated at 200 to 300x10Ll° 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 1s because the devaluation of currencies agalnst the strong U.S.
dollar has not permitted a cost reduction to be realized by countries that must
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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population. Digesters can often be adapted to specific conditions and end uses
and fmplemented usfag locally available materials and 'abor. Althoupgh much of
the current enerey market dnvoalves Tarpe geale operatiosns, there is constderable

tnterest In efticien small seale syatems and there have beea Ltechnieal bredr

1 ¥

throuphs fn the development or low-cost digesters in countrios as diverse as
Chifna, Tanzanta and the oS0 A wirket for large scale anaerobic dipgester svstons
that vt ilize munf-ipal sewape is aleo avallable.  This {g « carrently untanped

marvet o Heypt.

Accordluy to the Egyptlan natfonal strategy, an actempt will be made co
establish 400,000 digestion units by the year 2000, iaeiudf np 25,000 large-
scale un'ts. it constructing these untts, the constra‘nts of lack of space for
digester instatlation and the insutriclient number of animils ownoed by a large
number of rural familfes will be taken into constderatlon. 1t ig est imated
that 6 pereent or the total raval cnervys needs and steniticant portion of
Pertilizer regulrements can be et with this progra,

Approximately IS5 mlllion liters of ¢thyl a'coliol are produced annually
by dndustrial fermentation of molisoey produced fn the sugar Industry in Egypt.
However, most of this s not utilized as fuel.  The construct ion and operation
of ethanol production plants is ala: relatively sophisticated fn terms of control
and especfally sterilizat fon,

A.5.5 Fconomic Viabilfty

Since transporting wastes long distances is very costly, the most economic
use of digesters Involves on-farm svstems using animal manure and agricultural
wastes available on-site and urban systems using sewape. The best rfecedstocks are
animal manure, munfcipal sewaye, aquatics and various processing wiastes.  The
supply of anfmal manure and human waste are currently the largest. Where large
concentrations of agricultural restdues exist, it may be feasible also to digest
these.

On the average, 15 percent of the energy produced is used to heat the waste
entering the digester and for the other operating requirements, e.g., pumping.
Removal of the carbon dioxide and sale of the methane gas to natural gas
plpelines s not feasible in sma'l operations because:r (1) gas pipelines are
otten not readily accessible, (2) the cost of carbon dioxide removal equipment
Fa high, and (3) revenues from gas sales would probably be relatively low. TIn
very large systewns, production of plpeiine quality gas mavy be feasible.

In most on-larm systens, divester enelgy output s sufricient to meeot the

energy needs of livegtock oreration and, in aboat 50 percent of the cases, also meet
&) [ ,

the farmers' home energy needs and possibly allow for net export of electriclev,
The mest economically attractive operations are relatively large poulury, dairy
J ] «£> y J
beef or swine operatlons fenabling coonony of scale) which are relatively caergy
Intensive (enabling the displacement of larve quantities of energy bought at
> I 22 { 2), &
retatl prices).

Production of electricity {rom small, famliy-size units 1s not economically
attractive, whereas larger systems io the 10 to 100 kW range may be able to
produce electric power economically. Using a larger cltv/village-size systoen
also saves land which can then be used for productive purposes. The product

gas can also be used to meet heating and cooking needs of the city or villape


http:fndupI.ry

Besides the potential for economic production of fuel and possibly
electricity, digestion produces an effluent which can be used as a soll

conditioner or fertilizer and as an animal feed in some cascs. The valuation

of the effluent is very important in assessing economic feasibility. 1In

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 blogas from animal manure is
quite competitlive. 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 oll, by pyrolysis

Biogas from animal manures

Wood-based gasification processes

increasing

| Biogas from straws, cellulosic matter
cost

Electricity generation from wood

Ethanol production from sugare

Ethanol production from cellulose

Exhibit A.34 presents cost comparisons hetween 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. Uscage 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 supplles 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
uces simple equipment and requires little control, anaerobic diges:ers are very
attractive. Private sector prospects are improving because of new reactor
aesigns. It is predicted that in the next few years, commercially competitive
digesters will be available for use on farms and feedlots, in food processing




EXHRIBIT A. 33

ESTIMATES FOR BIOMASS FUFRL COSTS
(in 1977 US Dollars)

Process Cost: ($/GJ)
WOOD TO OIL wvia CATALYTIC LIQUEFACTION 5.1
WOOD TO METHANOL via GASIFICATICH (0OSYGEN BLOWN)* 7.3 - 9.4
AMMONTA FROM WOOD via GASTIFICATION {OXYGEN BLOWN)* g.5 -17.9
SNG PRODUCTION FROM WOOD wia GASIFICAT TON (OXYGEN BLOWN)* 6.1 - 7.5
STEAM BY COMBUSTION OF WOOD 2.8 - 3.2
HLECTRICITY BY COMBUSTLION OF WOOD 15.5 ~17.7
BIOGAS FROM ANIMAL MANURE BY ANAEROWIC DIGESTION 3.8 - 8.5
SNG (METHANE) BY ANAEROBIC DIGESTION** 5.6 -13.7
BIOGAS FROM WHEAT STRAW BY ANAFROLIC DIGESTION 12.6 =22.5
ETHANOL FROM WHEAT STRAW* %% | 50
ETHANOL FROM SUGAR CANE BY FERMENTATION 30
OIL & CHAR FROM WOOD BY PYROLYS IS 2.6 - 3.2
RIOGAS FROM KELP (SEAWEED) BY ANAFROBIC DIGESTION 19.6 -21.1
ETHANOL FROM ALGAE* *%% | 18.0 -25.5
ETHANOL FROM CORN STOVER*** 18.9 ~41.4

Noutes:

* as opposed to air~blown gasification

** including the cost of separating CO» from the biogas
*RE by enzymatic hydrolysis, followed by fermentarion of sugars
*rEX by chemical (acid) hydrolysis, vollowed by fermentation.

The data refer to US studies at unspecifled scales of operation; assumptions

in deriving production costs are not known. The data should be used wirh
circumspection and for comparison purposes only.
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ESTIMATED BI0OMASS ENERGY AND
CONTEMPORARY KEFERENCE COSTS

Country Product Coust (§/0G7)
Brazil (1977) Fthanol 16.1
Gasoline 12.3
Australia (1975) I'tharol 16.7
Fthanol (industrial) 18.4
Canada Methanol (Wood) 4.2 « 9.7
New Zealand Biogas : 3.5 - 5.6
Natural Gas (prod) 1.1
Coal Gas (prod) 6.3
Upper Volta Fuelwood (plantation) 25
Kerosene 36
Jutane 31
Tanzanila Biogas 3.3
Electricity 31.4
UsA Methanol 8.0 - 15.1
Ethanol 14,2 - 34.1
Medium BTU Gas 4.5 - 7
S.K.G. 4,5 - 6.9
Ammonia 5.5 - 10.8
Fuel 0411 3.4 - 7.5
Electricity 8.3 - 38.9
Approximate Reference Costs:
S.N.G. % - 4.7
Fuel 0il 2.8
Ethanol 19
Medium BTU Gas 2.8 - 4.7
Illccrt‘icity 8-3 "16-6
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plants, in pulp and paper mills, and in chemical manufacturing plants. At
present, most systems digest manures. However, 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 with organic composting systems. Chira has demonstrated
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 at least 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 selectior, 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 feasibllity of specific
biomass energy technologies, biomass resource assessment and availability,
financing alternatives, and the abllity 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 development and application of
village-scale digesters has been undertaken by che National Research Center
(NRC) since 1979. At present there are 45 field demorstrations, most of which
are household units, along with 4 larger-scale units constructed in conjuction
with livestock operations. Both laboratory and pllot 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 1s to demonstrate that appropriate biogas technology 1s 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 digesters.




Executing i

No Agency ( Site

1 }F/A Favoum IFayyoum

2 [F/A Fayoum lAbu Gandeer
3 EARC lHoshtuhor

4 !ARC IMoshtuhor

5 {ARC IMoshLuhnr

6 I'ARC [Moshtuhor

7 IARC ]Moshtuhor

8 ]ARC [Toukh

9 JARC | Toukh

10 JARC | Toukh

11 iARC lEmbaba

12 IARC IEmbaba

13 [ARC IEmbabn

14 JARC |[Embaba

15 |F/A Alexandria |Embaba

16 |Oowner |Beheira

17 |NRC |Beheira

18 |NRC Beheira

19 NRC Beheira
20 NRC El-Menawat
21 NRC El-Menawat
22 NRC Omar Makram
23 NRC Omar Makram
24 NRC Omar Makram

l

} System Size Date of l

o Design B @? Eepstructiou! Status
]
EChinesc ‘ 10 1978 N/0
|Chinese | 10 | 1980 | Irreg.
|[Chinese [ 45 | 1980 | Irreg.
[Indian | 10 | 1980 | oper.
| tndian ! 6 ! 1980 | oper.
lIndian | 38 | 1981 | oper.
| Indian | 8 | 1980 | oper.
lTndian | 8 | 1981 | oper.
|Indian b7 1981 | oper.
[Tndian | 8 | 1981 | Oper.
{Chinese | 10 | 1981 | oper.
[Indian | 20 | 1981 | oper.
|Tndian |17 | 1981 | oper.
ITndian | 10 | 1981 | oper.
[Tndian | 8 | 1981 | u/c
[Tndian | 8 | 1981 | u/c
|Chinese | 10 | 1979 | N/O
|Chinese 6 1980 Worked
’ 8 mos.
Pressurized 7 1981 Oper.
| Indian
Modified- 10 1981 Oper
I'Tndian
Modi fied- 10 1981 Oper
Chinese
Modi fied~ 8 1982 Oper.
Indian
Modified~- 6 1982 Oper.
Indian
!Modified— 10 1982 Oper.
Chinese
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The Faculties of Agriculture in Fayoum, Minia and Assult are currently
conducting research, in conjuction with the Faculty of Engineering, Cairo
University, involving an integrated renewable energy system which includes
wind, solar and biogas 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 pollutlon 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 beling
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
countrles 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 1s that of India.

Thirty years of R&D has resulted in an accumulation of useful information and
data, =speclally 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, Ajitmal; and the Planning Research and Action
Institute, Lucknosw. 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 ambilent 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 advantageours.

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 ma jor campalgn 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 fabrication of gas-holders has generally restricted the program. The
Appropriate Technology Development Organization of Pakistan has recently under-
taken desigii and construction work on 10 cu.m capacity, fixed gas-holder digesters
based on Chinese technology with an assoclated cost of about $590 (1976 price).
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There also 1s 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 iustalled units,
including 48 digesters (22 cu.m each) at an integrated agro-industrial complex
of 7,500 hogs. The resulting gas 1s used as fuel for canning, rendering, cooking,
electricity generation and deep-well pumping.

Blogas utilizavion in Thatland has fncreased rapidly 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 blogas plants at present, numerous
experiments are undergoing evaluatlon with respect to reduced construction costs.

One of the most extensive programs is that of the People's “epublic 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 eneigy source. Exhibits A.36 and A.37 show the status of
these plants.
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STATUS

EXHIBIT

“
AL §)

OF BIOMASS-FUELED SMALL POWER PRODUCTION, COCENERATION AND MUNICIPAL FACILITIES

IN

THE

U.s.

IN 1984

in Ki.owatts (fiumber of Facilities)

T

|

FUEL PLANNED UNDER CONSTRUCTICH OPERATING ; TOTAL
|
Wood Waste 238,505 KW 115,630 KW 850,217 KW | 1,204,352 KW
(17) (10) (42 ! (69)
1
Agricultural 102,700 KW 56,000 KW 61,050 Rw 219,759 ¥W
Nesidues i (3) (3) ! (7) (13
; ] i
I i l
. fAnimal Manure z - 10 Wy i Az 5 v 275 vW
| I (13) (2) (3)
SUBTOTAL ! 341,205 KW 171,640 ¥\ 896,192 KW 1,409,037 KW
L o BN .0 NS SN €D B R ¢ 15
|
Municipal Solid 640,450 KW 286,500 KW 283,610 KW } 1,210,560 KW
Waste (24) (12) (12) ! (48)
;
| ,
Landfill *ethane 39,550 KW 29 450 KW 20,045 1 80 245 KW
| (15) (14) (12) | (41)
Sewage Methane 164 KW 2,700 KW 250 KW | 3,114 KW
(2) (1) (1) | (%)
T I
i
SUBTOTAL 680,164 KW 318,850 KW 303,905 KW 1,302,919 KW
(41) (27) (25) ] (93)
TOTAL 1,021,369 KW 490 490 vy 1,216,097 W 2,727,956 KW

(61)

(41)

(76)

(178)
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EXHIBIT A.37

UTTLITIES USING BIOFUELS

in Kilowatts (Number of Facilities)

T
FUEL PLANNED UKDER CONSTRUCTION OPERATING TOTAL
]
i |
Wood Waste 50,000 KW - ‘ 130,725 KW ! 180,725 KW
(1) (8) | (9)
I
Agricultural -— -- 22,500 KW | 22,500 KW
Residues L (2) | (2)
|
Animal Manure - - - ? -
SUBTOTAL | 50,000 KW -— } 153,225 ww 203,225 KW
, (1) ; (19) (11)
i
Municipal Solid - 18,400 W ! 15,400 vW ’ 33,800 vwW
Waste i (2) (3 ) (5)
Landfill Methane - - - --
Sewage Merhane —-- —-- i 7,970 KW 7,970 KW
(2) (2)
SUBTOTAL - 18,400 KW 23,370 KW 41,770 KW
(2) (5) (7)
TOTAL 50,000 Kw 18,400 Kw 176,595 Kw 244,995 KW

(1)

(2)

(15)

(18)




A.6 Solar Ponds

A.6.1 Operating Characteristics

Solar ponds can be used to collect solar radiation and store it as heat
for a varlety of low temperature applications, including 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 advintages as well. Their built-in storage capability
eliminates the daily fluctuations in energy supply associated with other solar
energy technologies. 1In 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 plactic 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-gradient 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, uepicted 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 couled
as heat is dissipated to the atmosphere. The warmer, lighter water at the
bottom will then rise to the surface through natural convection. At the surface,
the heat contained in the warmer water is again transferred to the amblent 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 convectlion 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 slightly above ambient in the surface zone to 80-100°C in the
storage zone.

Both the surface and storage zone are convective and the convecting currents
in the surface zone ace 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
bdttom brine, the disturbance from heat extraction, etc. The gradient zone is
strailfied 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. llot.
brine 1s 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 systen 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 radfation 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 excced 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 1s difficult to predict the specific maintenance requirements of a
normdl salt-gradient solar pond. The only successfully operated ponds in the
U.S5. are research ponds which have not been permitted to operate in a routine
energy supplying mode for extended perfods 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 elac-
tricity generation applications, turbine/generators will require normal main-
tenance and repair. A major malntenance problem that has been encountered in
existing ponds is leakage through the artificial linzr. 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
de veasing 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 znd/or techniques to minimize suface wave formation.
Blological control s 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, commercfal 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 1in 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 95°C is very high for industrial

A=86




proczss heat applications. Food, furniture, paper, chemicals, leather and
primary metal processing are among the major industries to which solar ponds
cap' be suitable energy source. Solar ponds can supply thermal energy to a
nunber of agricultural processes: crop drying, livestock brooding, livestock
waste disposal, space and water heating for livestock, farmhouse space and
vater heating, and irrigation pumping.

Solar pond applications in the electric power sector wlill be constructed
mostly on a large scale (hundreds or thousands of acres in area) and at sites
where the essential natural resources are available at low Oor no cost.

Solar ponds can also provide energy for desalination of water as they are
capable of providing thermal energy to the distillation/desalination process
and electrical or mechanical power to the reverse osmosis and electrodialysis
processes.

A.6.5 Economic Viability

A number of factors must be corsidered when evaluating the technical and
economic feasibility of solar ponds. They include:

1. Insolation - Because the pond is horizontal and cannot be tilted, pond
sites should be located not much more than -+/- 40° latitude. For ex—
ample, insolation on a horizontal surface at 30° latitude is about

nno

seven percent less than at 22° N latitude (Egypt-Sudan border).

2. Land - Because the energy density of solar ponds is relatively low, land
must be acquired inexpensively for ponds to retain economic viability.

3. Water - Ponds must be located where water is readily available to make
up for evaporative losses.

4. Salt - A source of salt or brine must be available at a reasonable
COSt.

5. Aquifers - The pond should not be lo‘ated near underground aquifers.

Aquifers can cause both structural and thermal problems. In addition,
fresh aquifers may become contaminated with salt.

6. Geophysical - The site should be fairly flat, and the underlying earth
structure should be free of stresses, strains and fissures.

7. Size - Large solar ponds provide energy at a lower unit cost than
small ponds. The smallest practical size for salt-gradient solar
ponds varies with location and application, but is approximately 1
hectare for thermal applications and several hectares for electricity
generation.

The cost of installing a solar pond varies dramatically with the cost of
land, water and salt, and with the depth and size of the pond. Estimates vary
from as low as $4/m? to as high as $70/m? for installations in the U.S. The
$4{m2 estimate assumes an unlined pond with free land, water and salt, and ex-
cludes the cost of heat exchangers and turbine/generators — leaving only the
cost of excavation and filling. Arcificial liners will add approximately $10/m2.

A-87



http:proce.ss

If salt is available on site, the cost is minimal, However if it must be pur-
chased, it can add as mucl as $25/m:. Water rarely costs in excess of 3545m3,
and thus, adds less than $1/m? of surface area to thyr cost of a 3 meter deep
pond. '

Because of the great variance In cost, economically attractive sites must
have natural soil liners, 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 pond i{s 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,
as it 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 projects 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 supplyilng solar pond components and subsystems,

About two dozen solar ponds, all under two acres in surface area, have
been constructed aud operated around the world. Pond storage temperature varies
from a low of about 30°C in winter to a high of 109°C in summer. Boiling can
be achieved in high-insolation locations and can be avolided 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 gereration, Using Rankine cycle,
solar pord 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 substontially below the 20 to 30 percent efficiency predicted by
thermal calculations.

The solar pond industry in the U.5., during the past decade, lhas 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 a%tractive.

A.6.7 Current R&D Thrusts

Salt-gradient solar pond rescarch 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 nonconvecting zonc;

o pond transmissivity;

o heat loss to the ground;

0 maintenance requirements of the nonconvecting zone;
0 heat extraction from the pond; and

o heat rejection options.

The thickness of the upper convecting zone has been recognized 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 1s 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 Israecl which are capable of producling 150 kWe
and SMWe respectively. A large scale 48 MWe solar pond project 1s in its
planning/design stage in the United States at present. Several other small
srale experimental solar pond projects have been constriected and operated in
the U.S. which have provided the industry and manufacturers with relevant
experience. Egyptian experience in this technology has been limited to several
semall 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.59

COUNTRIES HAVING ACTIVITIES 1N SOLAR POND TECHNOLOGY

POWER POWER START SPONSCR/
COUNTRY PROJECT OUTPUT SOURCE DATE CLIENT
l. Israel Solar Pond 150 kWe Solar 1980 Government
Electricirty Pond
Station
(Dead Sea)
2. Israel Solar Pond 5 MWe Solar 1984 Government
Electricity Pond
Station
(Dead Sea)
3. USA Solar Pond 48 Mw Solar 1987 Southern California
Plant Pond (planned) Edison; ORMAT rurbines
4. USA Experimental - Small 1974-82 Government. aad Laboratory
Solar Ponds Scala scala Universiry projects.
) Solar

Ponds



A7 Municipal Solid Waste

A.7.1 Operating Characteristics

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 MSW. The principal focus of this section is on
MSW combustion technologies; Section A.S5 discusses anaerobic digestion techniques.

MSW technologies can provide a range of outputs, depending upon the system
and operational requirements. Power output can be high pressure steam or low
pressure steam, to provide heat or mechanical power. Output can include elec-
tricity 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. There 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 differences these MSW conversion technologlies 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 combusticn 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 1is
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.

4

The quality of the MSW burned affects both the design and required main-
tenance for a 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 1s 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 lined with a refractory coating to protect them from high temperature
corrosion and erosion from air-entralned particles.

The waterwall incinerator requires less combustion air tha. a refractory
system because the circulating water cools the furnace. The decrease in air
requirements allows for a smaller inclnerator and fewer emissions.

The heat recovery efficiency of a waterwall incinerator is usually higher
than that of a rerfractory 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 bot inciner-
ator 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 1s 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 incin-
erator 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
syctems 1s 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
unlts; 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 MSW is that it is more combustible, transportable, and homogeneous .

There are four types of RDF: fluff, densified, dust, and wet. Fluff RDF
consists 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 1{s 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 i{s 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 segrepgation,
size reduction and removal, and reccovery of inert materials. The equipment
required to process MSW into RDF depends upon the type of RDF being produced.
The 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 malntenance costs
associated 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 cofeneration 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 typlcally
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 can allow for the export of excess electrical




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—DiSposql

Co-disposal technologies are those that use an integrated approach to the
disposal of MSW and sewage sludge. Co-disposal 1s designed to consolidate
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 combusted. 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 density ensures that a
sufficient quantity of MSW is available. The collection, transportation, and
preparation of this waste will require an infrastructure that is elther inade-
quate or not currently in place. The development of this infrastructure 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 1,700 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.




The existing waste collection svstems of both cities are Inadequate. 1In
Cairo, 1t is estimated tha 30 percent ot the parbage generated 1s left on the
streets. Larger truck fleets will be required in both cities to improve the
collection of MSW as well as fmprove the viability of converting this waste to
energy.

A.7.4 Market Readiness

The avallability of MSW technoleogies 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 commar-
cial operation.

Mass Incineration -- Mass incineration of MSW in refractory, modular, and
waterwall systems is currently in commcratial operation. These three technolo-
gles have been widely used in the United states, Europe and Japan.  The rotary
combustor system is a more recent development. that nas been In commercial oper-

ation In Japan and the United Statos sinee 1981,

RDF == Both co-fired system: and dedicated RDF boilers have been in com—
merclal operation since 1972 in the Lnited States. More widespread use of RDP
systems has occurced in Hurops. LDariier systems were plagued with reliability

problems. Systems built more recently hawve incorporated desiga changes to
elininate these problems.

Cogeneration == MSW cogencration technologies have been used in both Europe
and the United States for over 30 vears. Recent regulatory changes in the
United States have encouraged copencration and contributed to accelerated
development and increased use.

Co-disposal -- Co-disposal has been demonstrated and 1is commerclally
available in both the United States and turope. 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.

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
i11lustrates the range of costs for each of the technologles (see Exhibit A.40).

It should be noted that some of these systems were Iinstalled as early as 1965,
and that today's costs could be cxpected to be higher.

In general, modular systems tend to be less expensive than custom built
systems. The economlcs of MSW systems are also dependent upon the level of MSW
pre-processing. Pre-processed MSW does not require fuel processing systems to
remove non-—combuctible material from the waste. Such systems tend to have
lower capital equipment cost than systems using raw or unprocessed MSW.

The degree of pre-processing also impacts on system efficlency. Highly
processed MSW has a higher heating valuc than raw waste, thus more usable energy
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FEHIBIT ALAQ

SURVEY OF MGV TECHNOLOGY CAPITAL COSTS

Technclogy Capiral Cost -

$1000's/TPD capacity

Mass Incineration

- Refractory units 60
~ Waterwall units 40
~ Rotary combuster 60
- Modular 12

Refuse Derived Fuel
~ RDT co-firing 15
= RDF dedicated boiler ‘ 80
Cegeneration
= Mass burning cogeneration 45

= RDF cogeneration 50

Co-Disposals

- Modular 97
MHF

~ Mass burning FBB 16
Waterwall

Developed from information provided in City Currents, April
Conference of Mayors, Washington, DC)
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- 130
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can be

obtained per ton of waste [ncinerated. MSW systems should not be

evaluated on the basis of cost prer ton of waste per day, but on the basis of

cost per unit of usable energy. Thus, o for system of equal cost, a system which

uses raw waste and requires separation systems to remove non—-combustible wasta,

».

will tend to have a higher cost per unit of usable encrpy than a system uslag
|

processed waste.  The cost of obi,

atng processed MSW o shouald Inelade the costs

ol collecting and processing MSW.

remalnas
upon the technology, pre-processing cquipment, systemn :
requirements, and many other factors. Tun favorable circumstances MS

Sy S rems

'

Whether MSW techunolog es can coapete with existing direct fired systems

to be determined.  Installed capital costs for these systeas is dependent
ecific
W conversion
can be installed for S20,0057T0D. Systems can casily cost $1 50,000/ TPD

e, site sp

and more. The cconomics of MSW technologles in Egypt can only be determined

after site specific analyses.

A.7.6

All of
tion.
others

Industry Status

Exhibit A.41 through A.44 list some of the manufacturers of MSW technologles.
these manufacturers have produced systems that are in commercial opera-

Many of the companies llsted here are large and woell-established, while

are relatively new businesses.

The larger companies (GE, Babcock & Wilcox, Combustion Engineering., amonsg
jad I N s & 5 8

others) are internatfonal ifu scope with a broad range of products and services
includicg maintenance and service coutracts, and in some instances, financing.

AJ7.7

years.

S

Curreunt RaD Thrusts for Techuologles

MSW-to-eneryy conversion technologies have been in existence for over 50
The technological sophistication of these systems nhas increasecd

dramatically over this time period, particularly in the last 15 years.

The combustion orf MSW in larye waterwall incinerators or in small scale

modular systems are the most techoologically developed technologies to date.
Although these technologies have reached commercialization and others are
emerging, there is still research being conducted for the purpose of minimizing
emissions and improving system cconomics.

A.T7.8

Relevant Experience in Egvpt and Other Countries Using MSW

P

Internationally, there is a growing inventory of MSW conversion systems.

The majority of these systems arce {n Furope, Japan, and the United States. As
of 1983, there was 368 systems fnstelled worldwide, of which 212 are European
85 are Japanese. Exhibit A.45 lists the asystems by country.

The viability of MSW technologles in Egypt is dependent upon four factors:

the public infrastructure; waste availability; industrial aevelopment; and
experience. The success of an MSW technology program in Epypt Is contingent
upon the degree of development of cach of these four factors.

The necessary public infrastructure for MSW technologies would include a
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EXHIBIT A.4]

MANUFACTURERS OF REFRACTORY AND WATERWALL
MASS INCINERATION SYSTEMS IN THE U.S.

Combustion Engineering o Johnston Boiler Co.
Windsor, CT Ferrysburg, Ml
Detroit Stoker Company o Kewanee Boliler Co.
Monroe, MI Chesterfield, MO
Consumat Systems, Inc. o Riley Sroker Corp.
Richmond, VA Worcestershire, MA
Energy Systems, Inc. o E. Keeler Co.
Hixson, TN Williamsport, PA
Foster Wheeler Energy Corp. o Brownlng Terris Industries
Livingston, NH Houston, TX
International Boiler Works Co. o SPM Group

East Stroudsburg, PA Englewood, CO

EXHIBIT A.42

MANUFACTURERS OF MODULAR COMBUSTION
MASS INCINERATION SYSTEMS IN THE U.S.

Consumat Systems, Inc. o Detrolt Stoker Co.
Richmond, VA Monroe, MI

Basic Environmental Engineering, Inc. o E. Keeler Company
Glen Ellyn, IL Williamsport, PA
Environmental Coutrol Producks, Inc. o Enercon Systems, Inc.
Charlotte, KC Cleveland, OH

Clear Air, Inc. 0 Contro Division
Ogden, VT Meadville, PA
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EXHIBIT A.43

MANUFACTURERS OF RDEF CO~FIRED SYSTEMS AND
DEDICATED ROLLERS IN THE UNTTED STATES

o Aenco, Inc. o Babcock & Wilcox
Albany, NY North Canton, OH

o Combustion Engineering o Foster Wheeler Corp.
Windsor, CT Livingston, NJ

EXHIBIT A.44

MANUFACTURING OF MSW COGENERATION
SYSTEMS IN THE UNITED STATES

o Detroit Stoker Company o E. Keeler Company
Monroe, MI Williamsport, PA
0 Combustion Engineecring o Baslc Environmental Engineering, Inc.
Windsor, CT Glen Ellyn, IL
0 Rescoe~Signal Corp. O Browning-Ferris Industries
Hampton, KH Houstou, TX
o Enercon Systems, Inc. o General Electric Co.
Cleveland, OH Schenectady, NY
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reliable collection and transportation system to gather and bring MSW to the
plant site. 1In Egypt, with population and transportation development heavily
concentrated along the Nile River Valley, the collection and trasportation of
MSW would not appear to be a major difficulty. More detailed Investigations
would be necessary to determine further requirements.

Another element of the public infrastructure which bears mentioning is
the pewer 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 1s the second of the four conditions

I

essential for MSW technology developnment.

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, chemicais,
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 1s 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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EXHIBIT ALY

SUMMARY OF WORLDWIDE TNVENTORY OF
WASTE TO ENERCY SYSTEMS

Country No. of Svstems Installed Capacity (Ton/Day)
Australia 1 520
Austria 2 1,320
Belotfum 2 1,048
Prazil 2 660
Canada 3 2,800
Crechoslovakia 1 864
Denmark 35 6,348
Finland 2 640
France 26 11,858
Germany, FGR 39 23,389
Hong Kong 3 3,216
Hungary 1 1,440
Traly 2 9,997
Japan 85 44,581
Luxemborg 2 600
Monaco 1 280
Netherlands 6 8,637
Norway 8 206
Singapore 1 1,440
Spaln 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 anq_Daylightng

A.8.1 Technology Description

Passive solar heating and cooling technologies utilize thermal energy
flows in the building system by natural means such as radlation, 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, but

to a lesser degree than the heat transport function served in active solar
systems. Daylighting involves integrating concern for maximizing 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 ttep towards {mproving
the way a building uses energy 1s 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 systems which are Integrated in the
design.

Passive solar options are much more practicable when they are included
In the initial design. While it {ig possible to retrofit buildings with passive
solar systems, the cost can frequently be prohihitive, and the energy performance
results are more difficult to predict.

A.8.1.1 Passive and Hybriq_ﬁglgr Heagigg

The basic components of all passive solar heating systems are south-fac—
ing glass for collection, and thermal mass for heat absorption, storage and dis-
tribution. Systems have different methods of collecting, storing and distribu-
ting heat, and can be classified in three categories: direct gain, indirect
galn and isolated gain. (See Exhibit 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 sun 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 epace.
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 system. The pumps and
fans improve the distribution function by increasing the convective flow of air
within or between rooms, especlally when air between the roows 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 1s not desired
will be discussed in the passive solar cooling systems section (A.8.1.3).

A.8.1.2 Daylighting

Daylighting involves integrating the use of glass in sout facing
windows, clerestories and roof monitors, with light ballasts and shelves.
Light 1s brought into the occupied space, then used directly or reflected as
diffuse light throughout the occupied space. Light 1is brought into the space
through windows at the level of the occupied space, or through such mechanisms
as clerestories, roof monitors, or skylights at roof leval. As the light enters
the building it is reflected off light ballasts or light shelves placed near
windows or hung beneath clerestories or skylights, and the light 1s reflected
from the light-colored celling and walls. This produces a diffuse light across

the cccupied space at varying depths as determined by other design considerations.

(See Exhibit A.47).

As 1s the case with passive solar heating systems, the key concern is
control., Generally cooling lcads in buildings should decrease when daylighting
is integrated in the design because daylighting has a high luminous efficiency;
1t 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 peuak loads on electric utilities. The lighting fixture layout must be
designed both to complement the daylighting and also to Operate as an independent
Bystem after dark., 1In 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 sonme
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). Any of
these techniques may be used - one or more should be used to offset the possible
overheating effects of Passive heating or daylighting systems.

a) Load reduction is a defensive cooling technique, preventing the
sun's rays from entering the building by shading the windows, walls
or roof. Where monthly mean temperature averages are less than
27880 controling solar heat gain can virtually eliminate the neced
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 devices are even more
versatile and adaptable to human comfort, but care should be taken
in selection of materials. Note also that some considerable
maintenance and operation of the system 1s required (see Exhibit
A.49). Different types of glass and films for coating glass have
been developed which reflect sunlight and/or heat. In most cases,
use of shading options is a more desirable option because shading
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EXHIBIT A-47
FigL The HVAC system is operating at censtant volum

DAYLIGHTING DESIGNS
occupied hours. It is designed for about &5 hours/week occupancy. A
time clock sets hours of operation and unoccupied period cycling AND INTEGRA TED

conditions. A night thermostat allows for temperature setback or setup,

as appropriate. The large volume ventilation fan is designed 1o be DA YLIGHT’NG SYS TEMS
manually operated and may be switched on or off at will. The cooling

system is controlled by inside /outside thermostats which povide the

required mix of outside air ventilation and refrigeration to provide for
comfort conditions.
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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 in size depending on its shading
requirement and the latitude i 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.

MULTI-PURPOSE SHADE — Offers several options or modes for varied conditions:
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 living

space, becomes heated, 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 bulldings are provided with additional Insulation
in the earth bermoed along the exterlor of the bultlding, preventing
heat loss 1in the summer and heat gain in the winter (see Exhihit
A.48).

c) Roof ponds can be used for both passive heating and cooling. In the
heating mode heat {4 collected from the sun during the day and
transferred to the oceupled space at night. In the cooling mode, the
pond is covered in (. day with a light or reflective material which

prevents heat gain. 7Th. pond iy uncovered {n the evening to allow heat

transfer {rom the occupfed space, and evaporative cooling from the
pond (see Exhibitsg 4.4% cnd AGS0). Stack ef fect, earth tubes,
natural vent{lation and golqp chimaeys are examples of convective
cooling.

d) The stack effect occurs vhen warm alr rises to the top of a tall
Space. An opening at (he Yop exhausts the warmed air while openings
at floor level admit onrdoor alr to replace 1t. (Sce Exhibic AL48)

e) Earth tubes take advantage of the stack etfect, but fnclude passing
the outside air throurh a4 tabe whieh runs underground. Because the
earth 1{s insulated (. provides additional assurance that the air
moving through the balilding will be cooled. (See Exhibit AL4B)

f) Natural ventilation f{nvolves opening windows or other apertures to
allow breezes to pass through a bullding. Proper window location
enhances the pProcess; luvwer Inlet openings will direct the air
throught the occupied arca, while high inlets will crcate a drat
above the occupants' heads.  The outler locatton has little effect
but should be as larye as possible.  Land use planning also becomes
important; care should 1. taxen not to place buildings so that the
flow of natural breeses ig Interrvupred.  (Sce Exhibit A.48)

g) The solar chimney ut{lizes an enclosed area near the top of the path
of air flow to allow the afr to become more heated. 1In thig way the
entire column of air { the chimney 1s hot, creating the buoyancy to
enhance the air flow. (See Bxhiblte A48)

Daylighting clerestories and roof monitors provide a ready source of
rool level ventilation.

Dehumidification, is arother passive solar cooling option. Afr which
has a high water vapor content, humi alr, feels warmer, therefore removing
humidity from the air lncreases the humin comfort factor. Air can be dehum{di-
fied by passing it through a deslcant waterial.  The desicant material can be
regenerated for further use by heating the material to allow the moisture to
evaporate using solar heat or reject heat from mechanical equipment or air
conditioners. This system must be considered to be still in the R&D phase.

A-108



EXHIBIT A-50
ROOF POND - HEATING AND
COOLING MECHANISMS
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A.8.2 Resource Availability

Egypt lies in the solar belt with an annual average insolation of 800
KJ/cm?. 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 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 slgnificant cooling resource in the

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 significant component of energy demand.

In additional to the solar radiation, there are requirements 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 currcat
passive buildings designs and technologies; it is simply a matter of developing
an avareness and basic level of knowledge in the construction industry and
among the consumers. Over the last tyenty 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 counserving
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 restoratioun 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.

A~110




When compared with contemporary modern buildings, traditional Islamic
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 analyzing more fully and retaining in
future construction practices. 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. Prevalling 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 clerestro jes,
roof monitors and skylights, and providing for shading devices. The Five-Year
Development Plan goal of 5.8 million new unlts 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 Housing Cooperatives.

Passive solar technologies provide some of the most promlsing 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 that 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 on
fuel bills (effectively a 10-year payback period). The materials for passive




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 of the construc-—
tion industry and, for some applications, the building occupants. /Although 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 areca 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 1s substantial research going on in all areas of passlve 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
2bility 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,
g I

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 training center was built ustag locally avail-
able adobe bricks. The design {5 based on traditional Corntic and Moslem
architectural principles with promiucat use of traditional domes and vaualts.
Government programs {n the arca of passive solar desigus are not developed yet,
Architects, engincers and building developers are generally not familiar with

passive techniques.

Examples of United States projects with utilities are shown Ln Exhibit A.51
Additional cooperation projects are underwey under the aegis of ILA In performance
modeling and testing and materials research.
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UTILITY

EXHIBIT A.51

UtTl1ty-Funded Passive Solar Projects In the Unlted States

PROJECT

Georgla Power

Pennsylvanla
Power and
Light

Publlc Service
Company of
New MexIco

San Dlego Gas

& Electrlc with
Southern Cellfornia
Gas Co.

Pacl flic Power
and Light

REASONS FOR FUNDING PROJECT

Bullt & Instrumented 9 passive solar and energy
efficlent homes

Acquired and publliclized performance data

Bullt "Future 1"; fully Instrumented home

with dlrect galn, phase-change storage, trombe
wall, PV cells, etc.

Bullt and Instrumented 5 passive solar homes;
acquired and publlicized performance data
Incorporate direct gain, trombe wall, sunspaces
double alazing, selective surfaces

Designing, bullding and monitoring 19-unit
project to determine effect of p3sslive solar

on demand profile

Studylng "forced load management" where passlve
homes rely on excess base-load generation for
auxiliary heating requirements

Bullt 8 two-room test stsructures to test
performance of seven different passlve heatlng
and coollng technlques

2-year experliment to Identl fy best concepts for
southern Callfornla, most cost-effective for
builders, and Implications on peak load demand

Developed guidellines for conservatlon features
and passive home design
2ponsoring construction of 10 homes

Publish plan book with 11 home designs aimed at
the speculative market

Reduce marglinal cost of providing
service

Share peak demand

"Total energy business'" not Just In
generatlion and distribution of
electrical energy

Goal to get 3% of new homes passive
solar and reduce peak load by 28 MW
Prevent need for new capacity as
electrical demand grows

Goal to »ffset reduced electricity
revenue from passive solar by more
favorable load condltlons

Use current capacity more
efflclently

Informal assessment...on-site worker
sought shelter from the hot summer
sun In the house usirg high mass for
thermal control

Attempt to produce encrgy-efficient,
cost-affective design, combining
enerqy conservation and passive sole
deslgn




STi-v

UTILITY

EXHIBIT A-51  (Cont.)

PROJECT

REASQONS FOR FUMDING PROJECTS

Sacramento
Muntclipal Utlllty
District

Tennessce Valley
Author ity

Nashvilie Electric
Service

Source: "Soiar Energy Technology Resource Book" A

Targeting technical, marketing and educatlonal
progress primarily at bullders entering passive
market

Conduct computer erergy analysis of bullder
home designs

Certlfy homes that meet design criteria

Progra=s deallng with new consiruction, retro-
fitn, moduliar homes, do-it-voursalf activity
and solar extension service information access

Premoting energy conservation and solar through
outreach services
Lending funds for solar hot water heater

SRR S

Offering low-Interest loans for passive retrofits

Planning future seminars *o focus on
new Callfornia energy bullding stan-
dards to help builders get permits
for energy-efficlent housing.

ctlve and Passlve Solar Technologles. July 15, 1982,
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HEATING LDAD CALCLLATION FOR ALEXANDRIA

JAN

DESCRIZTIDN VARIAB. INITS
-— [ I !
BAsE TER? 76 | degC |
KONTELY V6. TE¥2, | Ta ! deg C |
] I |
AVE. YEAR TERP, I Ty | decC |
JRRUARY FIAN TERP, | | deg C |
AUBUST Bz TERR. | deg C 1|
AVE. RYINUAL HEIDITYI [ 3 |
[ ! |
LAYS PER RONTH b 1 DpaYs |
HIURS PZR RIATH Iodr 1 HOURS |
| I |
CR.C. FOR 5TD BEV. | SgT | {
5TD eV, Ta/Ty { SDy | degC |
STD Dev. Ta I SDu | den C |
H FACTOR FoH !
DIST. FURC., OF Th  IDh(Th) | I
[ { !
FONTHLY FZATING DDS | DDs  ideg-days |
I |
!

YERRLY HEATING ODs DDz ldeg-days |

[uoy

—
Lt

20.2
13.5
2b.7

70

21.6

R F A R I R I 2 S Y R R S L S R R R T R4 P 2 84 R R S S R R A R E R B R F 43 H R S DR H 2 £

sl
[Us N &)

1.254598 1. 169306

on)

{8
6.1

20.2

31
744

[N
—

yoLno-

=
-

v O

0.

0.2

8 &

ro

31
744

42,23
3027500 2. 3
C. 876733 0. &<

225

0.1

U f

-0 QE#C;S Q. 37f};'q

HHEHH P H PR
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COOLING LOAD CALCULATION FOR ALEXANDRIA

DESCRIPTION VARIAB, INITS JAN FEB MAR APR my JUN JIL A6 SEPT ocT
I- -1 | ——
BASE TE. P'Tb I degC ! e3 23 23 23 23 25 23 23 25
ERTHLY VS, TEMP, | Ta i geg C | {3.5 14 15.6 18.3 21.4 24,2 2b. 1 6.7 25.3 72
| ! f
RVG. YZAR ToMD, Ty b deg £ 2u. 2 cv. 2 20,2 .2 20,2 0.2 et e 20,2 el 2 .2
JRRUATY BVE, TERD, P odeg €I 135
RUSUST AvE, Temd, | I deg C |} c6.7
AVE, RNRURL HUSIDITYY I x } 70
i | |
DAYS PCR RBNTH 2 b pws 3t 28 3 30 k3| 30 3 31 30 3
RS PER FONTH [ Hr 1 HSURS | 744 672 Té4 720 744 720 744 7hé 720 744
| [ !
CR.C. FOR STD IEV. | SqT i I 45,89 38 44 21,16 3.61 1. 44 15 34,81 42,25 6. 01 6.76
STD DEY. TafTy P Shy 1 deg € 14.8727a4 4,424287 &,020%7 3.774194 3.7304564 3,712876 115339 3.027600 2.3076% 1, 720729
STD IV, Ta P5Da b odeg © 11.382050 1. 228635 1, 264530 1. 169305 1077102 0.934735 0.925265 0.876732 0. 859530 0. 13056
R FACTOR (N F=1.49443 -1 55316 -1, 32908 -1, 04559 -0.60029 -0, 14583 13092 (. 348257 0.062930 0. 41754
DIST. FIRZ, OF Th 1DhITH) | ! 0.4 0.3 0.7 1.6 6.7 ec. 8 3.7 4.6 33.5 9.4
! | i
ROWTHLY COCLINS DOs | DDs ldez—days | 0.4 0.3 0.7 1.6 6.7 cz.8 2.7 £4.6 33.9 9.4
! ] |
YERRLY COQLINS DDs | Dhs ldeg—days | 94,7

l}*!&*}%5;{{5!!#3&}{}{%¥§{*¥{%4}i#*{#**II&{&#F{}{}i{{{{f{l{i{!i5{*}#!*&{45{{!{}{%{4!{}*4!!#l!&%*}i(l};};

LRI LERFERINREERS

NOV DEC
-'*h*———-_“
25 25
19.3 15.2

2d.e e0.¢

30 3t
720 744
0.81 23

1.921784 1,507556
0.232010 1. 10930t
-1 04303 -1, 58670

1.3 0.3
1.3 0.3
R TS T E R PP
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HEATING LOAD CALCULATION FOR CAIRD

DESCRIPTION VARIAB. LWITS Jan FEB MAR APR 214 L J AJB SEPT ocT
I- ! ! -

PASE TERD, 76 1 degC | 18 16 18 18 18 18 18 18 18 it

ERTHY A5, TERR. | T2 ! geg C | 13.2 14,2 16.6 20.¢2 24.¢ 26.7 28.2 27.8 co. & 23. 4
! ! |

AV, YERR TERD ' Ty | degC | 2l.2 21.2 2l 2 2l.2 21.2 el.2 2i.2 21.2 21.2 £1.2

JREARY KZRY TERR, | I deg C | 13.2

RUSUST KZRN TEFD, | I deg C ! 27.8

AVE. RNV KUHIDITY| [ X { 36
| i |

DAYS PER FOHTH D1 opavs 31 28 31 30 21 30 X3 | 3 30 31

HOURS PER FONTH I Hr | HOURS 744 672 744 720 744 720 744 Th4 720 744
{ | f

CRC. FOR SIT "2V, | SaT | ! b4 43 21.16 1 9 20.25 43 43,56 17.64 4. 54

STD DEV. Ta/Ty I SDy | deg C 15.513701 4,958097 k. 485444 &, P6E578 4.055011 4. 158750 3.813850 3.176619 2476067 2. 127738

STD DEV. Ta | Sha | deg C 11.433309 1.357417 1.266493 1. 147507 1.030793 0, 951543 0, 885439 0 £34727 0.877610 0.712651

H FRCTOR I H 10601478 0.525174 0. 198537 ~0. 35003 -1.08028 -1. 66575 -2. 05899 -2.03329 -1, 53311 -1, 06265

DIST. FURC. OF Th  IDH(TH) | ST A £9.9 14,8 1.3 0.2 .0 Q0 0.2 1.2
i | |

BOWTHLY HEATIMG ODS | DDs Ideg-days | 137.7  115.7 £9.9 14.8 1.3 ¢.z 0 0 0.2 1.2
! [ !

YERRLY HEATINS DDs | Dhs ldendays |  463,7

{¥4¥5!!}!}#i!&‘!i5{‘}?&{’&4{!*‘i}}i!§¥l§¥§+§{i}4§i+{+{{ii§{f}{{{{{&{!i}if§§§!i&#*}%&if{l!l*{{f!{f;{ll}f{{{*i!*{!6{6{}!&{‘{!{45}%

KNV DT
18 18
9.2 148
a2 e
30 31
720 744
b 0.%

7021700 1.379672
1027440 1, 148930
-0, 21323 0,503

13.6 105.0
19.6 102.0

FREEFFFILREEIINIS
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COOLINS LDAD CALCULATION FOR CAIRD

DESCRIPTION VARIAR, NITS JAN FzB RAR APR Hay JWN JUL AJG SEPT ocT
| | !
BISE 1B, I Tb | degC | 23 23 23 23 25 25 23 235 23 ]
KRTHY AV5. TBD. | Ta | deg C | 13.2 14,2 16.6 20,2 24.2 2.7 28.2 27.8 23. 4 23.4
i ! !
RV, YEAR ToEo, [Ty t degC ! 21.z 2i.2 2l.2 2l.e 21.2 21.2 21.2 21.2 2l.2 2l.e
JRUARY RVZ, TP, | { deg C ! 13.2
fRISUST AVE, TER0. | [ deg C | 27.8
AVE, RRAIRL HMIDITY! [ X | %
! | !
DAYS PER KINTH b D 1 pays | 31 28 3| 30 31 30 31 3i 30 31
BIRS PER BONTH I Hr 1 HOURS | 744 672 44 720 744 720 744 T44 720 T44
! ! !
CALC. FOR STD DEV, | SqT | | 64 A3 2116 1 9  30.25 49 43.56 17.64 4, B4
STD DEV, Ta/Ty I Sy | deg C 15.513701 4.958097 4. 48644 4.065678 4.256011 4. 158780 3.813850 2. 176619 2.476067 2,127738
5TD DEV. Ta | She | deg C 11.433309 1.367417 1.266439 1. 147507 1.030799 0. 951643 0.885439 0.£54727 0.877810 0.912681
H FACTOR I H 1-1, 47863 -1, 43260 -1,19122 -0. 76370 -0. 13939 0. 326079 C.£43097 0.558358 0.083135 —0.31486
DIST. AN, OF Tb IDw(Th) | | 0.5 0.4 1.1 4,0 23. 4 64,1 102.9 32,3 2.9 13.7
! f I
RONTHLY CCOLING DDs | DDs ldeg-days | 0.3 0.4 .1 4.0 2. 4 b4, ! 103.9 5.3 3.9 13.7

| ! [
YERRLY COOLINS DDs | IDs Ideg—days |  343.0

lfi—{}{{{}{*liﬂ#imi}HiHll}‘}i-}f}}!HH{»fH!l}l}ﬂ}f{{}f{{“{m*if!{*l**f{{{i!{»ﬂ!{ﬂ{»{{»{}{{!{{i{!i{»i FRREEEAFIRRREHLIRIL52SE

NV DEC
el 5
22 (a8
e ane
30 31
720 744
b 40.%

2.02170) 1,32%72
1. 027440 1. 148930
-1, 03064 -1.5%450

1.3 0.3

1.3 0.3
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HEATING LOAD CALCULATION FOR ASHAN

DESCRIPTION

VRRIAS. INITS

JAN

SEPT

ocT

R¥s. YZAZ TErD,

JREARY KERA TERR,

RUGUST N TEXP.

HVE. RN HRIDITY

DRYS PER KONTH
HOURS FER KONTH

CALT. FOR STD DeV.

5TD DEV. Ta/Ty
STD DEV. Ta
H FACTOR

DIST. FUNC. OF Tb
KONTHLY HEATING DDS

YERRLY HZRTING DDs

jan B es]

[F= BV 1

18
16.8

|

|

I

! 27
| 16.8
! 34,2
I c7
!

! 31
! 744
!

|

104,04
16, 444235
11, 390597
10, 134977
! 70.0
|

Ideg—days | 70.0

|

ldeg~days 1 122.4

FEB KAR
18 18
18.6 2.4
a7 27
8 31
672 744
70.56 21. 16

3.663038 5.055121

1. 286625 1.135724

~0. 08812 -0.69521

3.1 3.2

3.1 5.2

3

18
R

27

30
720

25

.0

18
29.6

27

3
T44

6.76

4.871531 4.871158 4.641708 4.193501 3.623559 2. 501410 2.47%002
0.584669 0.£4B344 0.783809 0.742448 0.698810 0. 714653 0. 756205
~1.70383 -2.94280 -2.62373 -3.87055 -4. 16365 -3.37661 ~2.75509

.0

i{&l}’l}l¥¥l§*{4(-{4!«!”6*5{&6}{66{{ii{{{l—{ii‘iliiiHlf{»?{}{i;l}{i}{i*{{-ll!l*ii}il*l!{v!i!{lf*iF{i{{*ii&i{4#&{*6(}!«!}{{4{{!{{i*?{!

18 18
24 19.8
21 27
30 31
720 744
9 31.84

2.331788 2. 170881
0.910158 1.019346
~1.20357 ~0. 316%

3.7 15.2
0.7 153.2
FEHEIE R R RSN
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COGLIMG LORD DRLCULATION FOR ASHAN

DESCRIFTION VARIRB. LNITS JAK FEB HAR APR My JUN JU RUS SePY ocT

———-= -1 - |

ERSS TERD, F'Th 1 degC | 23 25 23 23 25 25 23 25 il 23

ROATHLY B8, B, | 72 deg C | 6.8 18.6 ce. 4 e7.e 31.9 33.6 34 34,2 3 239.5
! ] !

VG, YZAR TR, Piy 1 deg Qo a7 27 27 27 e7 c? 27 e7 7 27

JREARY BEL TBRR, ) { deg€ | 16.8

RUEBREST RVE, TERD, | | deg C | 34.2

VIo PR HRIDITY) | X | a7
! ! !

DAYS PrR HOHTH FD  opays 31 28 31 20 3i 30 3 31 30 31

HOURS PER FONTH I He 1 OHOURS 744 672 744 720 744 7¢0 744 744 720 744
! | !

CALC. FOR STD DEV. | 5q7 | I 104,04 70.5% 21,16 0.04 24. 01 43,5 49 51. 84 23 6.76

STD DEV. Ta/Ty b Sy 1 deg C 16444235 s, 663038 5.055121 4.871531 4671158 4.641705 4, 152501 3.622659 2. 901410 2. 47500

STD DEV. Ta I Sbm ! deg C 11.350697 1.2B662S 1.136724 0.984659 0, B4E244 0.782805 0. 742448 0.£98510 0.714553 0. 75605

H FACTOR I H I=1.05%01 0. 94004 0. 41080 0.407316 1.4£0816 2. 003213 2. 177184 2.354543 1, 788305 1.052539

DIST. FURZ. OF Tb iDh(T) | ! 1.9 2.3 1e.8 76.6 2is.e £38.9 €79.0 28s.2 el | 143.5
| I i

ROKTHLY CORINS DDs | [Ds ldeg—days | 1.9 e.3 12.8 76.6 cis. 2 25E.0 275.0 £8s.e 210, 1 143.5
! | |

YEARLY COOLING DDs | DDs tdegdays | 1504.0

HH{!{*{}{{fH}}H!i{iin{!i{**{f*}H*l‘*}m{Hi{iﬂ{*fof{*f‘l*}f{’*!H{l‘}l}}{{»ll}H!-{li§{}!!1’»§iftfii!}{%i!#i&{!!!}i{!ili{ﬂ

Y DEC

—_—
as 25

24 19.8

27 27

30 3

720 744

3 51.B4

. 251788 2. 170881
0. 310158 1.019946
-0. 20053 0. 91568

18.9 2.3

18.0 2.3

ladialZ 2 22 RS Y P
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CALCULATION OF HEAT LOSS COEFFICIENT FOR
TYPICAL EGYPTIAN HOME
r. DESCEIPTION OF MODEL
The mode! Is a corncr apartment In a flve story bullding. The
apartment Is of loose conciruction with little or no insulation.
Floor area Is 120m2. The epartment contelns four rooms of 5 x 6m

each, six 1.5 x 1.0 cingle pancd windows, and one outside door

with dimensions of 1 » Z.1m.

I1.  THERMAL RESISTANCE VALUES

A. Outslde Walls
The walls conslst of e 0.20m thick cinder block with 0.01%m
layer of cement mortar on each side. These three materlials are
In series.
R for 0.20m clnder block = 0.303 sec.m2.9C/J
R for 0.0127m layer of cement mortar = 0.0176
RTot = 0.338 sec.9C.m2/J
B. Windows
Each window has a single pane with no Insulation.

R Inslde room resistance 0.120 sec.mZ.OC/J

R outslde room resistance 0.030

C-1



R glass 0.00352
RTot window = 0.153 sec.m?.9C/J

Door

The door is uninsulated.
R = 0.335 sec.m<.CC/J

Roof and Basement

The apartment bullding has five units. Each unit compensates

for 20% of the building's losses through the roof and basement,

R basement = 1,76 Sec-m2-OC/J (A conservative value becauce

dry earth adde to cverall thermel resistance).
R roof = 0.363 sec-m?-0C/J

The roof Is pltched; outclide surface alr Is taken to be 24.1
km/hr.  The roof is constructed of asphalt shingle rooflng,

butlding paper, and 0.0159 m of plywood deck.
Infllitration

The apartment building Is of loose constructon. The number of
alr changes per hour Is approximetely two. Outslde amblent alr
temperature Is 40.69C; room temperature ls 250C. Heating

volume of the apartment o 268m>.

The UA for Infiitration Is then 1934/s.9C,


http:193J/s.OC

i, OVERALL UA CALCULATION

walls (2)

windows (6)

door (1)

roof

basement

infittration

area m2

37.4
13.5
1.95
20% of 120m?

20% of 120m2

Total area or the apartment Is 120m2

R sec.mZ.6(C/J

0.338

0.153

0.335

0.363

UA w/©C

110.5

88.2

5.82

66.1

34.0

193.0

Total UA= 497.6 w/°C

Upve = 4.15 w/m2. oC

C-3
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PRELIMINARY DESIGN OF A FLASH STEAM SYSTEM



PRELIMINARY DESIGN OF A FLASH STEAM SYSTEM

In a flash steam solar system, pressurized water is circulated through
the collector field and flashed to low quality steam across a throttling
valve into a flash, or scparator tank. The flashing process is an
isenthalpic process that converie the sensible heai of 1he water into &
mixture of setureted water ond steam.  The quality of steam is usual ly
lese than 10 percent. From the flash tank, the saturated stean is sent
to the procecs and the cefurated weter ic pumped to *he colicctior field.
The pump 1e dosigned 1o have wufficient pressure at the outlet of the
collector ficld to prevent boiling. To have a desired liquid level in
the flash tank, boiler feedwater is fed to the pump suction (Reference
1.

The collector field outtet temperature, Tou+ is generally designed to be
considerably above the steam delivery temperature fo obtain reasonably
good steam quality downstream of the throttling valve. A per formance
mocifier celled the flash system factor, Fg accounts for fhis

temperature elevation,

AcFRUL /ME T

where mc = collector loop flow raTe.per unit collector area
= M/Ac

Mc = Collectar Toop tlow rale

Ac = Collector area ‘

htg = Heat of vaporization of steam at its safufaf!on

temperature

Cp = Specific heat of saturated water

Tg = Sfeam saturation temperature

T¢ = Feedwater Yempereturc

FRUL = Collector heat losc cocfficient

D-1



Input Data:

Tsaturation = 130°C

It is assumed that the irradiation on collector is 20 MJ per m? per day.

It is also assumed that “hc efficiency of the parabolic trough 1Is 40
percent which mears 1ha! 50U percent of fhe inceming irradiation e
actually transmitted througs the aystonm.
Energy collected by the water = 0.4 (20/8) MJ/mZhr
Collector area. Ag = 3,3 x 103 MJ/hr
1.0 MJ/mhr
= 3300 m?

Heat of vaporization of steam € 1300C = 2540 KJ/Kg (Reference 8)

htg = 2.54 x 106 J/Kg x 1%=5/J
= 2,54 x 106 w-S/Kg % 1hr/3600S
= 705 W-hr/Kg
Qload™ Mc htg (2)

Reference 1: Kutscher, C.F. et. al. "Design Approaches for Solar
[ndustrial Procuss Heet Systens," Solar Energy Research

Inetitute, August 1982, p. 113,



3.3 x 109 watt-sec/hr = M. (kg/hr) (705) (3600) wati-sec/kg

Mc = 1.3 x 103 kg/hr
4.26 x 10° J/kgK € 1309C (Reference 8)

The feed water temperature is assumed as 20°C.

T I (Tg = T¢)

= 1 = e (130 - 20)

| 3600 ]
= 1.20
Qe = FgFp r Nolg = UL (Tip - Ta) ] (3)
where gqc = annual average energy collection rate per unit of
collector area during daylight hours
FRN o = effective optical efficiency
la = available irradiation on collecteor
Ta = average annual daytime temperature

Reference 8: Chemlcal Processes, Wiley, New York, 1978, pp.2-3,
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300C
20 MJ/m?-day (C.4)
= 200x 106(0.4)
(8 hr/day) (3€0%sec/hr)
= 277.8 watis/m?

Assumptions: T,

i

FR Mo varies from 0.€5 10 0.8
FRo = 0.72

qc ° 1.05 [(0.72)(277.8) - 0.5(130-30)]
= 157.5 watts/m?

Qc = dc Ac Ndaylight (4)

where Q¢ Is the tolul annual encrgy collected
NdaylighT = number of daylight hours in vear
= 4380 (assumed)

4c is obteined from Figure 6.1 (Reference 7, p. 87)

Figure 6.1 plots with FRUl (T, - T4)/FR't o |} as abscissa and G/FFFR o
(I, + 50) as ordinate.

Ip = 15 (assumed) T4 = 309C(assumed) (Reference 7)

FRUL(Tin = Ty) 0.5(130-30)

—————————————————————— = S ———— = 0.22
Fr o Ip (0.72)(277.8)

D-4



For North-South troughs at laiitude of 500

Gc/FEFR 1ig (tp + 500 = 0.56 (reference 7)
Qe = 0.56 (1.20)(0.72)(277.8 + 50)
= 158.6 W/m?

From equation (4):

Qc = (158.6)(3,200)(4,380}(3,600)
= 8.25 x 10612 y/yr

The total arnual process load is

Qioad = Qlcad Njcad (5)
where Qioag = average process load energy rate
= 3.3 x 109 J/hr
Nioag = number of hours process load operates during a year

= 4380 hr (assuming 60 percent)

Qload = 3.3 x 109 (5,256)
= 1.454 x 1015 J/yr

The soiar fractiorn, f is calculated as

t = Qc/Qload
8.25.x 1012
1.454 x 10 13
0.57

D-5



PARAMETER

F rUL , w/m 2oy
FRMy

Tin n°C

Q 1oad, GJ/hr

Collector eff.

Available Energy,
M/ day

h fp, watt-hr/kg

Cp, J/kg=K

M. , kg/hr

N daylight ,hr/yr

[
i

' 1oads hr/yr

Table 1

REMAIR S

Reference 1

Reference 1

Input Data

DPata from Egypi

Manufacturer

Data from Egypt

Reference 2

Reference 3

Guess Estimate

Reference 1

Calculated

Calculated

Reference 1

Guess Estimate

D-6

FINAL ANALYSIS OF A FLASH STEAM SYSTEM

VALUE RANGE VALUE
CONS IDERED
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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HYBRID ANALYSIS

Combinatior Parabolic Trough/Flat Plate Sytem

For a preliminary analysis of & hybrid solar thermal system, we have
decided to use the folleowing methodology. To raise ambient temperature

al
1 kg of water to 130 C stean, a quantity heat (Q 1) defined es

3 6
Q T = 1 (4.2 x 107 [ (100-20) + (130-100)] + 2.26 x IO) (n
6

2.54 x 10 J

H

(¢]
is needed. Assuming an optimum flat plate temperature is 70 C, the

maximum energy required of the flat plate system would then be

3
Qpp = (14,2 x 10 )Y(70-20)
5
Z.1 x 10 J

i

This represents,

5
fFP = 2.1 x 10
2.54 x 10 6
= 0.083
fraction of the total energy requirement. Thus, we will teke 8.39 from

our original parabolic collcctor area and replace it with a flat plate
system which will have an f facter cqual to the parabolic system and
will produce 8.3% of ihe total steam energy produced by the

paraboiic-only system. Hence

3300-3300(.083)
3026 m?2

new parabolic area

il



8250 6J(,083)
0.57
1201 GJ

"

flat plate load

i

f = .57

Using trial and error methodology (see Figure A-1), we computed a flat

plate collector area of,

2
A_ = 268 m
Fp

Now we calculate the totel capitzl cost for this system,

C cap= 500(3026) + 371(268)
= $ 1,612,428

This information is then entered into our program for ccmputing
annualized capital costs and overall energy cost such as shown in Table
5.10.2~1,
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FIGURE E-2

ECONGHIC EVALUATION OF FLAT PLATE COLLECTORS, (70 deg C)
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FIGURE E-3
ECONDKIC EVALUATION OF FLAT PLATE COLLECTORS, (90 deg C)
WITS  YRO YR! YR2 YR3 YR4 YRS YR6 YR7 YR8 YR9 YR 10 YR 1t YR 12 YR 13
! {
PROCESS. LOAD IGI/YR | 14454 14454 14454 14454 (4454 14454 14454 14454 14454 1A454 14454 {4154 14454 14454
COLLECTOR RREA R | 2500 2530 2500 2500 2500 2500 2500 2500 250 2300 B30 25 o LA
ElERGY PRODUCED IGJ/YR 1 B504 €304  £53% 6504 €504 £S04 £S04 £S04 £S04 £S04 £ £234  £SM (o0
| [
PRICE OF INSTRLLED COLLECTOR! $/u2 | 371 371 371 n 371 37 374 i 371 Il n 371 371 371
(OZFATION & KAINTERANCE (N S 1.3 1.3 1.3 1.3 1.5 1.5 1.9 ] S T ) 1.5 1.3 1.5 1.9
! I
DISCOUNT RATE [ 10 10 10 10 10 16 to f0 i 10 10 0 10 10
FROZKET Lirz IVEARS | 15 15 15 5 15 135 I5 15 13 15 15 i3 15 S
| !
INITIARL CAPITRL COST IUS ¢ 1 827000 0 0 0 0 0 0 0 0 0 0 0
PARTS, ($20/FT2) IUs s | 0 0 0 0 0 0 0 0 0 0 0 0
PRTNTENRNCE I $/YR I 0 13912, 13912, 13912, 13912, 13912, 12912. 13512, 13312, 13312, 133i2. 13812, 12312, 13312,
l ______ , = LTSNz —=— S oSoooso—Doo oo T-Toso SS=EZSTmoEnzo=cooDox ==
! |
TOTAL COSTS I $/YR 1 527500 13912, 13912, 13912, 13912, 13912, 13912, 12912, 13912, 13912 13212. 13312, 13912, 13312
| |
NET PRESENT VALLE I US ¢ 1939381,
AR IUARLTTED PRESENT VALLE I §/YR 1123504,
| |
COST OF BXERGY I /8 1 18.99
|

COST OF ENERGY
COST OF BERGY

$ /112110, 06836
$/LBLY 115,72

YR 14

14454
)
€504

13312,

YR 15

14434
€30
£504

12312.5

1 sas sl R Y R R R I R R R R Y] l{l§i{{!il{!!ll{i{'illli}i{l}llil'llilil{li!i!lilllli!il{i!lll!lllllllfi!!l{lll!ll’l*llilIfl TREREIRNERBERERRRRRN MY



9~

FIGURE E-4

ECOOMIC EVALUATION OF EVACUATED TUSBE COLLECTORS, (70 deg C)
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ECOiiOMIC EVALUATION OF EVACUATED TUBE COLLECTORS, (30 deg C)
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FIGURE E-5
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FIGURE [-6

ECGGIIE EVLUATIGN OF PARALOLIC G AXIS TRACKING COLLECTORS, (90 deg C)
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FIGURE E-7

EaadIc Mmﬂﬁ‘i OF PARABOLIC B'E RXIS TRACKING COLECTORS, Q0 deg C)
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WS

YR 2

FIGURE E-8

YR3 YR4 YRS YR6 YR7 YRS YR 3 YRIO YRII YRI2 YRI13 YRI4 YRIS YR 18 YR1T  YRIB YRS YR QO
_ —==Ir—=xz=o=z e s e e X e e e g e p e TR e s an ke AiizzzTzEzoorogrezs -':zzx::mx::z:::;::;z:-:;;:::;:t:_:;:;;;:;:;::
| L
FROCESS LOAD IGI/YR | 14ASh 14454 14ASA 14454 14434 14450 14454 14ASE 14AS4 1AASA 4454 T4454 14454 TMSA 14é54 14454 14454 14454 taald 14454 14454
COLLECTOAR RAZR PR 253 250 /W 25w 2sm €0 2500 2 250 29K 25 0 250 29 25w o0 A 25 ey R 2R
ELET3Y PREIUCED IR @77 9917 %77 w17 97 ESTEAN- VR A 74 AP0 R < o B 0 B0 T B V) 77 wn «n 511 977 %77 %77 0N
! |
FRICE OF DDETRLED [QUETTORI $/KE | REX 332 258 REH R I 252 32 % RO O it 252 2 e 3z 22 352 152 EEN iR
LOERATION ¢ salnTRn Gt [ 3 ki 3 3 3 3 3 3 3 3 3 k! 2 3 3 3 3 3 3 K] ki
! !
LISCOGT RRTE Fox o 10 13 10 i0 10 10 HY 10 10 10 10 10 0 19 10 10 10 HY 10 HY 10
PRIDUCT LIFE IYERRS | 20 fal Feat Ay &) 2y 20 20 20 20 e &0 20 cl Y e 20 a0 €0 &9 v
INITIAL CRPITAL 00T PUS s | SE0000 ¢ 0 0 0 ¢ 0 0 ¢ 0 0 0 0 0 0 0 0 0 0 o
RIS, ($20/F72) IS N 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ¢ 0 ¢ 0 0 0
FAINTBGRCE IRTA 0 23500 23400 29400 29400 29400 2SAM0 26450 2300 23400 2O FH00 200 Z3D 2400 25N 2% 2} 23D s 284
—m=ez—oo—— o s=|szszazjemm=scoocos o oo =g T TP e e TR xrTE SIEET ZIzzcosromscozrrao-oo S AEEI oS ciizzziSaiic. tritzizizsiiizzas
| i
T3TH. CSTS I S/YR D 950000 29400 23400 25400 29400 23409 230D 23400 2400 2400 25400 23400 ZHO0 P3N0 200 G0 230 FSe0) S 25w el
I |
KT FRESENT WLLE b US § 11118453
RHICTIED PRECERT VALLE L os/YR 1121373,
| I
COST OF ENZRBY P86l 1 14,47

COST OF ExzroY
COST OF E1ERGY

1 $/KIHI0. 05210

I $/BBCH
ilf{i{flil}!itll!!iili!hlii!llllll!ll!.lll!lll!illllIfll’liIQflll’lllililill‘llif'l!||llll|llillll!ll}!lflllil'll!ifi!ilill!lﬁllil.

£8.20

P!ii’!ll’ﬂi!||Hll|HllilHll!lQ!..lIl.!l.l!lll!il!llO!Illltilillil



APPENDIX F

ROOF PONDS



ROOF PONDS
1.0 DESCRIPTION

Roof ponds generally conslst of an enclosed layer of water lccated on
the roof. Roof ponds act &s a co'lector, storage medium, heat
dissipator, and radiator. Thus, this system can functlon In both

heating and cooling capacities.

In cooling applications, insulation covers the pond during the daytime.
As a result, the pond &zc's as a storage medium. At night, the
insulation is removed and the pond radiates heat stored to the sky,

thus cooling the home.(see Figure 1)
2.0 ANALYSIS

The analysls s performed on a typical Egyptian home with a floor area
of 120& and an overall hcat loss coefficient of 4.15 W/m2°C. The
greatest cooling need occurs In rhe month of July. During this month,
the Calro cooling load is calculated to be 103.9 degree days. This

corresponds to a July csoling load of 4.47 GJ.

Approximately 40% of +he dally cooling load occurs at night. Thus, ths

approxlimare nighttime coollng load Is 6.0 MJ/hr

Tabie 1_ details the analysis conducted. Under clear skies with low
humidity and cool nighttime femperatures, a p~nd with a depth of 15cm

can dissipate approximately 63 W/m 2pond area.

Using these rough values, a pond with an area of 20 m2 can account for
76% of the nighttime coollng load.

(1) Edwar< Mazrla, Ihe Passlive Solar Energy Bouk, Rodale Press, Emmaus,
Pennsylvania, 1979, pp. 187-199,
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TABLE
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EFFECT CF ROOF POND ON COOLING LOAD! [
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i

|

I

REF. DEGREE DAY TEMPERATURE I DEGC | 25l
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BUILDIMG FLOOR ARER ! M2 I 120 1
DAYS/EONTH | DAYS/MD | 31
! | |

| | |

COOLIKG LOAD | | |
AR RPN F L R AR R R R R | | |
| I |
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| | |
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I ! i
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! ! |
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ANALYSIS OF OVERHANGS

1.0 DESCRIPTION

Overhangs or horlzontal plancs projecting above a wincdow can eliminate
much of the summer sun whilec <till fetting In a large portion of +the
winter sun. South-facing gicting i< nore effectively shaded than east
or west facing glazing. Thi- is due to 1the east-woot peth of The sun
which tfranslates into a low <colzr altitude and shading for parts of the
day for east or west facing wurfaces. For the purpess of 1his analysic,

only south facing windows and overhangs arc considered.

Overhangs are characterized by 1wo ratios; the secparation, Y/H, ancd the
y |
overhang, X/H. (See Figurc ¥17.(1) The scparation ratio is the relation
between the distance of fhe cverhang above 1he window and the window
height. The overhang ratic relates the projection length 1o the window
height. The design of an oveinang requires optinmization of these 1wo
G !
paremeters. For exemple, o douian that intercepts most of the summer

sun will also reduce sclar geine ovtained in the winter mortihs.

2.0 DESIGN PROCEDURE FOR OVERHANGS

The optinal size and locatlion of an overhang is a function of +the
heating and cooling load. The cesign of an overhang system requires
optimization of the separalicn and overhang ratios. Design procedures

for these dimensions are dependent upon the following factors:

(1) Pascive Solar Design_Handbook, Vol. 2, Passive_Soler Design
Apalysls, Los Alamos Scientific Laboratory, January 1980, p. C23.
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a) Latitude

b) Number of days the window s to be shaded before and after the
summer solstice

c)  Number of days the window is to be unshaded before and after

the winter scistice.
For example, for Cairo:
a) Latitude: 30 ©
b) 50 days beforc and after summer solsiice shaded

c) 60 days before and afier winter scistice unshaded.(2)

The optimal size of the overhang fe;

overhang X/H = .37

separation Y/H = ,38
A graphical method was used tc determine these values. Thus, an
overhang of these dimencsicns will fully shade the window from
approximately the first of May uniil mic August. Conversely, the window
will be unshaded from the cnd ¢f October until the end of February.

3.0 ANALYSIS OF OVERHANG PERFORMANCE

The method used to determine 1he effect of overhangs on monthly absorbed
sclar radiation into a building is taken from the Passive Solar Design
Handbook . The analysis determines the effect of crientation, tilt,

ground reflectance, refleciors, tranemittance, absorbance, and overhang

(2) Based on: Architects Handbook of Energy Practice, "Shading and Sun
Control™, American Institute of Architects, 1981, pp.14-18.
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geometry on the monthly solcr absorbed In a structure. From this value,
the solar load ratio (SLR), and solar savings fraction (SSF) are

calculated.

For our analysis, we took a building with a fioor area of 120 2and 3.6
m of south facing glazing Ten different overhang systems were
analyzed with varlcus separation and overhang ratios. See Table 1 for

description of systems used.

The Lotus program was used to perform calcualetions. Monthly horizontal

solar radlation was provided for Cairo Center and the effects of +he

overhang were calculated. Fiited equations were in terms of latitude
minus declination. Bacicelly 1he method calculates factors for each
situation and then modifies the horizontal solar irto soler absorbed in

the room. See Table 3 for ithe complete cpreadsheet.

Table 2 compares the January and July performances of the ten differernt
overhangs. The base case is one with no overhang; this is system type
K.

Designs with a separation ratic of zero are not effective in Egypt's
latitude. They reject 12-15% of absorbed summer solar buf also cut
potential winter gains by 6-25%. The primary objective is to reduce

summer galn while not affeciing winter gain.

O0f the ten designs studied, type H performs the best. It does not
affect winter gain, yet culs July gain by 16.9%. Table 4 lists the
yearly performance of Type H in ferme of monthly solar absorbed. 11 I3
compared with a system with no overhang. Over the summer months
(May-September) solar gain is reduced by 18.6%4. 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) N (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
5 0

K no overhang
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Table 2

9-D

X/H ratio Y/H ratio JAN JUL % Difference % Dlfference
absorbed absorbed from system with from JUL
MJ/m 2 -mo Md/m 2 ~mo no overhang JAN
A 125 0 307 169 - 6.1Z2 - 13.33
! .25 0 286 165 - 12.54 - 15.38
B .375 0 267 168 - 18.35 - 13.85
J .5 0 244 171 - 25.38 - 12.21
C .125 125 327 171 0 - 12.31
D 375 .125 296 167 - ©.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



PERFORKANCE OF (VERRANG TYPE H

HEH I 5 HIH P I IR

TABLE

)
&4

| JAN FEB MR APR “ay JUN JUL A6 SEPT oCT  Nw DEC
TYPE K, X/H=. 375, Y/H=.5 l== EE N —rx
R R ST LT T !
|
KRTHLY 8787 ATINRID O RI/KS/ED | 327 308 282 221 188 19t 199 cli Fan i3 3% 329
BITHDOT @ 2TEN0NG |
|
FETH_Y ADSORRTD WITH FI/¥2/K0 1 327 308 260 170 145 168 162 156 2i8 36 35 39
VorRsS o |
I
PERCENT DIFFERTIZE, EONTHLY | 0.00 0.00 -7.80 -21.068 -22.87 -12.04 -16.52 -26.07 -15.%0 -1.51 0.00 0.00
= | === =
SUFER EDWTH DIFFERENTE (1) I -18.60
== =] = e = = R S ——
RINTER E(TH DIFFERENCE (%) I -0.31

Hﬂi*Hi&}{Hé%ifi*{l»{}i}*{—}{i}lﬂﬂ**Eif‘.ii*fiﬂ{f-ﬂﬂ{!m—*f}i{“{¥{{H{?*i#*ﬂ{{(—i—ﬁ!{-{{*i{-#{{“Fn‘*w'riii-'}{-Ei{»*é}?‘! T2
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SOLAR ENERGY ABSORBED FOR VARIOLS OVERHANGS
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TARLE 3

LOTUS SPREADSHEET

*l**i*l¥{*§§4}+{{}{liillf*l}{f*}{fl!i{*il |
ANALYSIS OF DVERHONGS | [
A F RIS R | |
| |
BUILDIMG HERT LOSS COEFF. TV o €15 &15 A5 A1S 415 615 415 415
BUILDING ARER - 120 120 120 120 126 120 120 e
PUILDING LOAD COSFF. LW 498 493 439 438 493 438 £35 173
BUILBINS LOAD COSFF, [1KJ/126 € Bay) 4302702 G3327.2 A30D7.2 43GITLD A20ET.2 L3NT.E 430T.C 13070
PRIJECTED STLAR AREA N 35 5 g 2.6 %6 2.5 15
LCR I KIDO/RS F95T 11952 11952 11e5r 1192 v (19ss
| !
! !
1 |
OIS 1 JeN £R £ APR HaY JIM L T3 S=pT T N3V 0EC
| =z| S semmemmmemeeeemoo
| |
HORIZ. DAILY INCIDENT SOLAR PRIM2/DAY 1 1185 15435 19123 21955 2SAS3  £7303 o742 2715 82246 17823 13034 (104
DAYS/HONTH I paYs 31 28 3 30 31 k) 3 3 ki k) % 31
PONTHLY HOPIZ. SOLAR ORIVEIRD 1SS3I3S X765 332 Ti6TA0 70283 B3OS0 LSOOSC  TTIES  c7img SSEHEE 331620 Asine
HIDMOMNTH SOLAR DECLINATION I DE6 | 2L -14 2.8 9.1 8.6 23 214 14 2.8 %1 186 21
LATITUDE POOBE T 3005 0 3.05 0 305 30,05 20005 3000 3005 30,05 30,09 3,05 305 3005
(LAT. - DEC.)/100 PO TEG 10,5145 0.4405  0.3285  0.2035  0.1145  0.0595  0.0855 0 |g0S 0.6725 0,335 04855 0,535

+++++H++H+++H*++++—+++++++++#+++H++++l+*—++++++++++ P 444444t d 4444444 4524442 R AR R T T LT T PO UT RO AR R AR J‘$+o$¢44.‘4;6+¢<‘+¢'&44L;.-;-4+++;43++
1 !

VERTICAL VS. HIRIZ. 500, FRCTOR I UWITLESS | 1.318 1,073 0.775 (. 537 0,423 0,401 0,800 0. 468 {5652 0.933 1.eeo 1,381
TRANGHITTANCE VERT. WAl SCUTH FRCINS | UNITLESS | 0. 690 0.6KR3 0.615 0,572 0,363 (.5£8 0,545 (. 964 0.5%2 0, L42 S| 0ESS
+L+++++4++&+¢+h+&++++++H++++++++++++—++|+++++++++H¢l++v++++++++++++++++++4uH4&+4+bh¢+++¢H++++++u+w++++u+++#+¢+4+u4++ e e TSV UTU NS ONIUUUUIN



TABLE 3

|
TR R T R E R T R R R F I |

OVeRHAG RELRTIONS F DIFF, GEGRETRIES | JAR FEB AR RPR Ky Rt JIe

1
\
|
EEEF R R IR FFF S R R A R R IR R E SR LA E R r R R R4S ! = ==
|
|
!
i

Y/R RATIOSD 1/1=0,125 At LHITLESS 0.932 £.329 . 633 (. 548 0. 844 ¢. 538
VH &RTIG=0, 1/H=0 373 - B b LWTLESS 0.L15 SN TS foch 07T ERERAY
Y/H RATVIO=0 120 1/H=0. 129 C ! UNITLESS ot 975 U255 (034 £.3870 (. 838
Y/H 71000125, 1/H=0, 379 Do IMITLESS 10 0,304 €. 083 0,785 Lo4 TTEE 5,327
Y/H RPTI0=0.25; X/H=0, 129 E 1 URITLESS | 1,602 £.0% ARCEX d, 343 AR 7 C, )
Y/H MATI0=0.25; X/H=0,375 Foo WRITLESS 1 0,579 0525 0795 D585 ¢, 765 3 0Loa7 A Lré AN X L3585
Y/4 RATID=0, D5 X/H=0. 12D 6 | UNITLESS | 0.993 (4,993 1000 ) 0,581 ¢.G16 ¢.331 G974 10D 0,973 1,00
Y/H PATIO=0.5; X/H=0.373 z H 1 O USITLESS 10 1,011 Lol 0,520 Coioh 0,770 ¢l BED .87 074D 0,044 G55 Loals O
/K RATIO=0; X/H=0.25 E LI UNITLESS | 0.875 . B4l 0.775 2.710 0.771 0,207 0,644 UL 0733 o, E15 EA3 0,582
Y/H BATI0=0; X/H=0.5 J I UHITLESS 1 (.747 0,670 0.5/8 .39 ¢, 548 0,275 0,550 0. A f.8c3 G718 0,754
#ER QVERHANGS TYPE K I UKITLESS | (.00 L IR ») L Lo 1 {0000 ALY




TABLE 3

|
PRODUCT OF ALL FACTDRS | |
HHIFHH M H A T | |
TYPE A I UNITLESS 1 0.854 0.655 0.423 0.260 0.201 0.203 0.199  0.220 0.33  0.54h 0,774  0.847
TYPE B I UNITLESS | 0.744 0.540 0.314 0.193 0.183 0.212 0.198 v. 178 0.243 0. 428 0.662 0.79%
TYPE C | UNITLESS | 0.910 0.708 0. 435 0.273 0.207 0.202 0,201 0.231 0.358 0.588 0.831 0.961
TYPE D I UNITLESS | 0.823 0.601 0. 346 0.201 0. 183 0.210 0.19 0.181 0.261 0.476 0,735 0.879
TYPE E | UNITLESS | 0.910 0.712 0.472 0.291 0.213 0. 200 0.203 0.243 0.376 0,599 0. 831 0.960
TYPE F | UNITLESS | 0.891 0.639 0. 378 0.211 0.183 0.208 0.195 0. 184 0,282 0.524 0.800 0.547
TYPE 6 [ UNITLESS | 0.910  0.711 0.476  0.305 0.226 0.209 0.214 0,257 0.386  0.5939 0.B30 0.9%0
TYPE H I INITLESS | G.910 0.712 0.438 0.23  0.183  0.20! 0.19  0.195 (.326 0.5%  0.83 0.96]
TYPE | | URITLESS | 0.7% 0.358 0.369 0.219 0.183 0. 207 0,154 0.189 0.285 0, 485 0.717 0. 547
TYPE J I DMITLESS | 0,679 0,677 0.273 0.183 ), 183 0.215 0.201 0.176 0.218 0.373 0,59 0,733
TYPE K I UNITLESS® I'- 0.9100 0,712 = 0.476 0.208  0.238  0.228 0.230  0.cb4 0.380° 0.599° 083l 0.9{
| ! = ==
(o] | I JA FER 2] ROR KAY JUN JIL ARG SEPT ocrT NV DEC
S SOLAR ENERGY ABSOREED | ! ========== = = SEe= —
[~ | |
TYPE A | KJ/B2/M0  13.07E+05 2.B83E+05 2.51E+05 1.B7E405 1.59+05 1. 705405 1.696+05 1. 76E+05 . CAE+05 3. 00EH03 3.03E+05 2, S0E+05
TYPE B I KI/K2/K0  12.67E+05 2.34E405 1.B6E+05 1.395405 1, 45E+05 1. 7AC+05 { EBC405 §. 426405 1. 626405 2. J7E+05 2.530+455 2.73E+05
TYPE C I KIJ/M2/KD  13.2TE+05 3.06E+05 2. 70E405 1. 98E+05 L. 64E+05 1,696+05 1.71E+05 1.84E+05 2. 396405 3.254+05 3.256+05 3.2% 405
TYPE D I KI/K2/KD  12.96E+05 2.B0E+05 2. 05E+05 1. 4SE+05 1. 44E+05 1. 766405 1.57E+05 1. 44F+05 1.74E+05 2,63E+05 2.B8E+05 3.01E+05
TYPE E I KI/R2/KD  13.2TE+05 3. 08E405 2, B0E+05 2.09E405 1.BBE+05 1.6TE+05 1. 73E+05 1.9AEH0S 2.51E+05 3.31E+05 2. 25E+05 3.2%+05
TYPE F | KI/M2/MD  13.20E+05 2.B5E+05 2.24E+05 1.52E+05 1. 44E+05 1. 74E<05 1.656+05 1. 47E+05 1. B8E+05 2.89E+05 3. 13E+05 3. 24E405
TYPE 6 | KI/R/MD 13.27E+05 3.0BE+05 2.B2E+05 2. 196405 1.79€+05 1.75E+05 1. B2E+05 2. 055405 2. STEH)S 3.31E+05 3.25E+05 3. 296405
TYPE H I KJ/K2/MO  |3,27E4+05 3.08E+05 2.60E+05 1.70E+05 1.45E+05 1.6BE+05 1.62E+05 L.S6EHDS 2. 18E405 3.26E+05 3.25+405 3.296+05
TYPE I KI/K2/WD  12.BBE+0S 2.59E+05 2. 19E405 1.57E+05 1. 45E+05 1.73E+05 1. 655405 1.51E405 1. S1E+0S 2. 70E+05 2. BiE+05 2. 90E+(05
TYPE J | KI/M2/RO 12, 44EHD 2. 06EHS 1.63E+05 1.326+405 1. 466405 1.BOE+0S 1.7IE+CS 1. 406405 1. 45E+05 2.06E+05 2, UE+(S 2, 51E+05
TYPE K I KIJ/M2/HD 13.27E+05 3.08E+05 2.B2E+05 2.21E+05 1.B8E+405 1.91E+05 1.956+05 2. 11E+05 2. S8E+H05 3.31E+05 3. 255405 3, 255+05

HHIHH I P H M HHI MM M eI R R 5 | SR E3 25227532 | F 3R FHERFEFRE IR HE R A A I S R R R E P R 2233583 FRHHHHI I H I I I

DEG HEATING DAYS (1B C REF.)
DEG COOLING DAYS (25 C REF)

deg-days
deg—days

|
I 157.68 115.66 69.9 14,76
I 0.5 0.4 1.1 4

1.32 0.16
2. 4 64.1

0. 04 0.04
103.9 %R.3

0.22 1.23 19. 64 109
35.9 13.7 1.5 0.3
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TABLE 3

S5/DDs HEATING
TYPE A
TYPE B
TYPE C
TYPE D
TYPE E
TYPE F
TYPE B
TYPE H
TYPE |
TYPE J
TYPE K

S/DDs COOLINS
TYPE A
TYPE B
TYPE C
TYPE D
TYPE E
TYPE F
TYPE 6
TYPE H

KJ/K2/DD
KJ/K2/DD
KJ/®2/DD
KJ/K2/DD
KJ/K2/0D
KJ/K2/DD
KJ/K2/0D
KJ/¥2/0D
K1/K2/DD
KJ/K2/DD
HJ/K2/DD

KJ/¥2/0D
KJ/K2/DD
KJ/K2/DD
KJ/K2/0D
WJ/K2 DD
KJ/K2/DD
KJ/K2/DD
KJ/¥2/DD
KI/M2/DD
KI/®2/DD
KJ/R2/DD

Il}ii!iliIlili!i&lIiiill{!iiilli&#l*llil|*!Iillllliil

-y —r——

I1. 94E403 2. ASE+03 3.5%E+03 1.27E+04 1, 206405 1. 05E+06 4.23E+06 4. 7%+05
1.10E405 1. 1IEH06 4.206406 3.55E+05
1. 24E4+05 1. 0SE+06 4.2BE+06 4.61E+06

11.69%+403 2. 02£+03 2.67E+03 9. 426403
12.07E+03 2,65E+03 3.B6E+03 1. J4E+04
11, B7E+03 2. 256403 2.935+03 9. B0E+03
12.0TE+03 2.66E+03 4. 01E+03 1, 42F+04
12.036403 2.47E+03 3.2!F+03 1.035+04
12.07E+03 2. 66E403 4. 04E+03 1. 48E+04
12, 0TE+03 2,66E+03 3.72E403 1. 155404
11, 81E403 2,24E403 3. 13403 1, 05E+04
[1.556403 1.7BE+03 2. 336403 B. 926403
12.07E403 2. B6E+03 4., 0AE+03 1. 50E+04
I

1

16, 136405 7.08E+05 2, 28E+05 4, 6BE+04
15, 34E405 5. BAE+0S 1.70E+05 3.4B5+04
16. 54E+05 7.66E+05 2. 45E+05 4, 9SE+04
15.91EX05 6.50E405 1.B6E+05 3.626+04
16.54E+05 7. 706405 2.556+05 5.23E+04
16. 40E+05 7. 136405 2.04E+035 3. 79E+04
[6. 53405 7. 706405 2.57E+05 5. 4TE+04
16. 4EH05 7. T0E+05 2. 36E405 4. 24E+04
15. 72405 6.4TE+05 1.995+405 3.936+04
14.B8E+05 5. 16E+0S 1.4BE+05 3.296+04
16, S4E405 7. 70E+05 2. 57E+05 5.53E+04

1LOSE+(S 1. [0E+06
1.28E+05 1, 05E+06
1.0%2405 1. 09%E+05
1. 355405 1.0%€405
1.10E+05 1.05E+05
1. 10E+05 1.08E+405
L LIE+GS 1L 135406
1. 426405 1, 196405

b. 24E+03 2. 65E+03
3. 70E+03 2. 77E+03
6. 44E+03 2. 63E+03
3. 6BEH)3 2, 7T9E+03
6.63£403 2.61E+03
3. 686403 2. 71E+03
7.04E+03 2.73E403
3. 70EH)3 2. 62£+03
S.71E+03 2. 70E403
3.76E+03 2.B1E+03
7.40E+03 2. 98403

s
4, &
4. 3
4, 5
4. 04E405 1, B%+06
§, 3
&, 3
&, ]

§. 176405
31E+06
138406
MEH0G

60E+06
. BAE+0E
- 6TEH0G
. 13EH6

L ITEHB
- 0E+0B
.2bEHb

12E+05
cTEHS
BBE+0&

1.63E+03 1, 90E+03
1.62E+03 1. 545403
1.B5E403 2. 00E+03
1.61E+03 1. 566403
1,86E+03 2. 10E+03
1.5%+03 1.5%+03
1756403 2.22€+03
1.35E+03 1.69E+03
1.5%+03 1.63E+03
1.64E+03 1.52£403
1.B8E+03 2. 2BE+03

|lll**li*llli!ill*ii!!l!l{Illili!!l*{lll*l!!iiliilllilIII!JI!{J'!IIII!G!!

1 OZE406 2. 44E405 1.5AE+04 2. 6EE+03
7. 36E+05 1. 926405 1. 326404 2, 506403
1. 09406 2.6AE+05 1.66E+04 3.02E403
7. 926405 2. 14E+05 1, 47E+04 2, 76E+03
1. 166406 2.65E405 1.66E+04 3.026403
B.SAE405 2,355405 1, B0E+04 2. 97E+03
11724065 2,695405 1.66E+04 3.026+03
5.B3+05 2,65E+05 1. 665404 3. 026+03
B.66E+05 2. 196405 1. 435404 2. BE+03
6.61E+05 1.6BE+05 1, 19%5+04 2. 306403
LI7E+06 2.63E405 1. 66E+04 3. 026403

6. 24E+03 2. 15E+04 2. 026405 9. 67405
A.SIEH03 1735404 1.73E405 9. 09405
6. 66E+03 2. 3TE+04 2. 17E+05 1. [0E+06
§.855+03 1.52E+04 1.92E405 1. 00E+06
7.00E+03 2. 42E+04 2, 17E+405 1. 10E+06
3. 235403 2. 11E+04 2.09E+05 1. 086406
7. 1TE+03 2. 42E+04 2. 17E+05 1, 10E+06
6. 06E+03 2, 3BE+04 2, I7E+05 1. 106406
3. 31E+03 1.9TE+04 1.87E+05 9.67E+05
4.05E+03 1.50E+04 1,56E405 B. 37E+05
7. 186403 2. 426404 2, 17E+05 1. 106406

i!ﬁii!l}{llllIi‘i{i}*iilil‘{l‘{lllll




TABIEESS

| [ JAN FEB KAR APR HAY JN JUL AUS SEPT ocT NOV DEC
I |
SLR HEATING | |
TYPE A I UNITLESS | 0.163 0.205  0.300 1.061 10.048 B8.941 354.055 367.539 B5.230 20.436 1.291 0.223
| TYPE B I UNITLESS | 0.142 0.189  0.223  0.788 9.175 S2.B77 351.672 296.900  E1.564  16.095 1,103 0.209
[ TYPE C | UNITLESS | 0.173 0.222 0. 323 1.122 10.368 BB.223 357.B34 3B5.544 90.886 22.119 1. 386 0.252
TYPE D | UNITLESS | 0.157 0.188  0.245  0.820 9.149 92.104 349.055 300.993 66.244 17.8% 1.226 0.231
TYPE E I UNITLESS | 0.173 Or2 3R 05335 1.1BE  10.677 B7.562 360.943 405.082 95.520° 22.526 1.386  0.&32
'[ TYPE F | UNITLESS | 0.170 0.206  0.26%9  0.BR0 S.147 ~ 90.983 345.950 307.405 71.460  19.681 15335 0.243
TYPE B I UNITLESS | 0.173 0.223°  0.338 L.kl 11,327 91,478 380.221 429,068 97.839 22.526 1.385 0.252
TYPE H | INITLESS ' 0.173 0.223 0.311 0.951 9.174 B7.876 337.925 325.723 B2.753  22.191 1.345 0.252
TYPE 1 | UNITLESS | 0.152 0.187 0. 262 0. 891 39,1890 90.561° 344.B03 "315.238 72.478  1B.339 1,196 0,223
(o] TYPE J I UNITLESS |° 0,129 0. 143 0,135 0.747 9.278° 94.215 357.201 2393.047 55.319  14.026 (.99 0.193
,'_, TYPE K I UNITLESS | 0.173 0.223 0. 338 1.235 11.911 99.B48 408,451 #40,315 98.061 22.526 1. 386 0.252
(] P I IR [ R I R R I I I M F R L R R R 2 I SR ea it M ER S HI SRR IR R H4F
SLR COOLING | I
TYPE R I UNITLESS | 51.292 59.254 1Y.083 3.315 02522 SRRR()- P00 0.136 0,153 0.522 1.835 16.899 B0.866
TYPE B I UNITLESS | 44,715 48,878 14,184 2.909 Q. 47750, 232500.135 0,129 0.377 1.443 14.465 76.016
TYPE C I UNITLESS | 54.691 54.078 20.525  4.139 0.533 0.220 0.138  0.167 0.557 1.986 1B.150 91.705
TYPE D I UNITLESS | 49.458 54.410 15.592 3.026 0.475 0.230 0.134 0.130 0. 406 1.607 16.050 B3.903
TYPE E I UNITLESS | 54.691 64.421 21.311 4,377 0550 R0, 219 SEN0- 139 S 0176 0.585 2.022 1B.150 91.632
TYPE F I UNITLESS | 53.525 59.666 17.063  3.174 0.475  0.227 0.133 0.133 0.438 1.767 17.478  90.400
TYPE B | UNITLESS | 54,659 64.385 21.470  4.581 0.589  0.2°8 0.146  0.186 0.600 2.022 18.136 91.670
TYPE H | UNITLESS | 54.691 BA.421 15.752 3. 547 0.477  0.219 0.130 0,141 0.307 1,992 18.150 391,705
TYPE 1 I UNITLESS | 47.844 54.175 16.652  3.286 0.478  0.226 0.133  0.137 0. 444 1.648 15.658 B0.856
TYPE J I UNITLESS | 40.829 43.148 12.401 S. 739 0.482" 0,235 =0 138= =0, 127 0.339 1L2a9 13102002015

TYPE K I UNITLESS | 5A4.691 64.421 21.470 4,629  0.619 0.249 0.157  0.191 0. 601 2.022 18,150 91.705

I R [ FH T [ H R P R I T R N S I S R I P R H 0T it is b b F R F R RERRE 2 R0 004
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TABLE 3
DIRECT BAIN CORRELATION COEFF. | |
6 I I 10.6 10.6 10.6 10.6 10.6 10.6 10.6 10.6 10.6 10.6 10.6 10.6
R I I 0.5 0.5 0.3 0.5 0.5 0.5 0.3 0.5 0.5 0.5 0.5 0.5
A | I 0.5213 0.5213 0.513 0.5213 0.5213 0.5213 0.5213 0.5213 0.5213 0.5213 0.5213 0.5213
B | I 1.0133  1.0133 1.0133 1.0133 1.0133 1.0133 1.0133 1.0133 1.0133 1.0133 1.0133 1.0133
c | I 1.0642 1.0642 1.0642 1.0642 1.0642 1.0642 1.0642 1.0642  1.0642 1.0642 1.0642 1.U642
D | | 0.6%7 0.69%7 0.6927 0.6%27 0.6%7 0.6927 0.6%7 0.6%7  0.6%7 0.6%7 0.6927 0.6927
K | 11.000886 1.000886 1.000886 1.000885 1.000885 1.000885 1.000885 1.000886 1.000885 1.000886 1.000885 1.0008%
I i
I ] JAN FEB HAR RPR KRY JUN JUL RUG SPT ocT NOV DEC
I1X CALC. HERTI
TYPE A | I 0.163 0. 205 0.300 1.050 10,040 B8.862 353.741 367.213 BS.154 20.418 1.2%0 0.222
TYPE B | I 0,142 0.163  0.223 0.788 9.167 G2.795 351.3681 296.637 61.510 16.08! 1, 104 0.209
1YPE C l 1SR 0:173 0.221 0.32 1,421 10.359 B8.151. 357.517 385.202  90.BOS 22.100 1,385 0.252
TYPE D | 15157 0.188 0.245 0.819 9,181 92,023 348,746 300.726 - B5.185 17.880 l.ee5. .23l
TYPE E | 103173 0.223 0.335 1,185 10.668  B7.4B5 350.623 404.723 95,836 22.50% 15385 = 20,25
TYPE F 1 I 0.170  0.206 0.268  0.839 S.133  90.902 345.643 307.133  71.397 19.863 1.334  0.249
TYPE B | 02173 0.222 0.338 1.240  11.317 91.397 379.B84 428.688 97.813 22.505 1. 384 0.252
TYPE H | Ia5l0:173 0.223 0.311 0.%0 = 9.166 B87.796 337.625 325.434 B2.680 22.171 1.385  0.232
TYPE I | I 0,152  0.187 0.262 0.8 5.181 90.481 344.298 314,959 72,413 18.334 1,133 0.222
TYPE J | I 0.129  0.149 0.195 0. 746 9.269 94.132 355.885 292.787 55.270 14.012 0. 954 0.193
TYPE K I =073 0.223 0.338 1,253 11.900 99.757 408.089 433.325 97.974 22.506 1,385 0.2
| I
TYPE A IE(X) CRLC. | 0.085 0.107 0.15%  0.503 1.012 1.013 1.013 1.013 1.013 1.0i3> 0.578 « 0.116
TYPE B | I 0.074 0.084 0. 11~ 0.397 1.011 1.013 1.013 1,013 . 013 1.013 0.518 0.109
TYPE C | I 0.09% 0.115 0.168 0.524 1.012 1.013 1.013 1.013 1.013 1.013  0.606  0.13!
TYPE D | I 0.082 0.098 0.128 0.410 .01t 1.013 1.013 1.013 1.013 1.013 0.558  0.120
TYPE E I I 0.0% 0.116 0.175 0. 545 1.013 1.613 1,013 1.013 1,013 1.013°  0.606° 0.131
TYPE F | I 0.088 0. 107 0.140  0.427 1.011 1.013 1.013 1.013 1.013 1.013  0.591 0.130
TYPE B I I 0.0% 0.116 0.176 0.563 1.013 1.013 1.013 1,013 1.013 1.013 0.605 G131
TYPE H I I 0.090 0.116 0.162 0. 466 1.0l 1.013 1.013 1.013 1.013 1.013 0.606 0.131
TYPE | | I 0.079 0.098 0.136  0.439 1.011 1.013 1,013 1,013 1.013 1LO13  0.548  0.116
TYPE | I I 0.067 0.078 0.102 0.379 1.012 1.013 1.013 1.013 1.013 1,013 0.479  0.100
TYPE K | I 0.0%  0.116 0.176 0.367 1.013 1.013 1.013 1.013 1.013 1,013 0.606 0.131
| = = S e e E S e e




APPENDIX H

REFLECTIVE COATING AND LOW-EMISSIVITY GLASS



REFLECTIVE COATIHG AND LOW-CMISSIVITY GLASS

1.0 DESCRIPTION

Reflective films are composed of a thin metallic oxide layer. This
film, when apolied to glarirng, Increases the amount of solar energy
reflected by the window thue reducing the cooling load of the building.
A clear single piece of qlazing has a high emissivity; it transmits
most of the incident solar rudiciion. Low emisslvity glazings have a

low absorbance, thus they reflect a large rart of incident sclar.

Manufacturers of these meteriale character lze thelr per fcrmance in
terms ot a '"shading coefficient,"{SC). This coeffient is related 1o
solar rejection by an empirical relation. Table 1 lists various
products and their shacing cociiicients. Solar rejection, SR, is the

portion of incoming solar hcat thatl does not enter the building.

2.0 DESIGN PROCEDURE

Design of & glazing coating system involved optimization of two

variabies:

al eamount of visible francmicssion desired

b)  amount of solar rejection nceded.

Table | lists visible fransmissicn and shading coefficient for eight
systems. The data illustrates onc important phenomena: in order to
have a large solar rejection fraction, visible fransmission is

sacrificed.

H-1



TABLE 1

Type of Product Vicible Unit SC SR
Transmission thickness

Guardian Industries

Low=-E coating on 647 i 47 .5864

green cover plate

Guardian Industries

Low-E coating on 43% i .49 .5688

bronze cover

Southwall Corp. 499 1-1/4" 42 .6304

HM-55 with clear cover

Southwall Corp. 409 1-1/2n .28 .7536

HM-55 with green cover

Clear single glazed 86% - - .16

Clear double glazed 81% - - .23

Reflective single glazed  20% - - .64

Reflective double glazed  18% - - 73



*

Cairo data was used to cviluaic the performence of several coating
sysfems.* The bace cave it o typical glazing with no everhang or
coating. Vicible trancmizcion iy 869 and solar rejection is 169, A
system with double alazing ane low emissivity coating reduced monthty
absorbed energy In July by, 7el. Howcver, visible transmicsion is only

14%. A more balanced syeten appeare 1o be Scuthwal | Corp HM-SS with &

(oY}

1 . : n - Iy . .
green cover. It rejected 7047 of July absorbed energy while having

visible transmisslion of 409.
Additional studies arc required to determine the exact solar rejection

that 1s cptimal in Fgyp'. Alsa, more exact methods for analyzing

performance need to be develcued based on hour ty solar date.

See Table 2

+See Table 3
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TABLE 2

Monthly_solar absorbed (MJ/m 2, mo)

VISIBELE TRANSMISSICON

JUN 191

JUL 195

AUG 211

TYPE OF MATERIAL SOLAR REJECTION MODIFIED SOLAR ¢ DIFFERENCE
COEFFICIENT ABSORBED JULY BASE JULY VALUE

Md/m ~ -mo

Southwa!! Corp. .7536 48.0 - 75.4

HM-S5S with green cover

Refiective double glazed .73 52.6 - 73

Refiective single glazed .64 70.2 - 64

double with 1/2" air space .78 42.9 - 78

low e (.40) coatlng

heat absorbing (double) .3928 118.4 - 39

1/4" width

Gray reflective Insulating .5864 80.6 - 59

" width

40%

18%

20%

14%



TABLE S

FHHE HHH P HA R S

EFFECT OF REFLECTIVE FILM O ABSOFSED SOLAR RADIATION
S L R 3 000

FATERIAL—SCUTHALL CORPORATION HM-55 WITH
BREEN COVER.

SHADING COEFFICIENT—O. 28 i
VISIBLE TRANSHISSION—40% .

i
UNIT THICKNESS—3. B3 i
SOAR FEJECTION—0. 7536 i

SOLAR ENCRSY ABSORBED, MI/M2/M0 11 JAN FEB MAR APR HAY JN JUL RX  SEPT OCT NOV DEC
iH&*HiIHHHHl*iiH#!*iiHHHHE'!"H-IHHI-H!*HE#HHH!-{{»{-!{-!{H!GHH{-*}I-'.-*_'-m{*Hi‘l&HHiﬂHllelllliliHl-!l-!III T Y
ELAZINS WITH NO COATING :: 31 308 282 221 168 191 195 211 258 331 325 329
BLAZINS WITH H+-55 COATING :: 80.6 7.9 65.5 545 463 471 48,0 5.0 B83.6 BLE  BO.9 81.1
PERCENT DIFFEREMCE, MONTHLY :: =I5.4 -75.4 -T5.4 -S040 -TS.4 -TS.4 -T5.4 -75.4 -75.4 -T5.4 -75.4 =75. 4

HEHH I M H S PR RIS HBH I 1 11 15 - S I I i




COOLING CALCLEATICNS
TYPE A
TYPE B
TYPE C
TYPE D
TYPE E
TYPE F
TYPE 6
TYPE H
TYPE |
TYPE J

COCLING CRLCILATIONG
TYPE R
TYPE B
TYPE C
TYPE D
TYPE E
TYPE F
TYPE 6
TYPE H
TYPE |
TYPE J
TYPE K

UNITLESS
UNTTLESS
UNITLESS
UNITLESS
UNITLESS
UNITLESS
UNITLESS
UNITLESS
UNITLESS
INITLESS
UNITLESS

KJ/K0
KJ/KO
KJ/k0
KJ/K0
KJ/m#0
KJ/m0
Ki/nd
KJ/Kd
KJ/mM0
KI/mMa
Kl/m0

TABLE 3

JRN FEB HAR APR KAy JUN Ju AUS

SEPT OCT NOV DEC

I

|

i

|

I 1.0 1.0 1.0000 0.9424 0.2712 0.1148 0.0702  0.0821
| 1.0 1.0 1.0000 0.8711 0.2477 0.1200 0.0697 0. 0662
I 1.0 1.0 1.0000 0.956 0.2797 0.1139 0.0709 0.0862
I 1.0 1.0 1.0000 0.882 0.2470 0.11%0 0.06%2 0.0571
| 1.0 1.0 10000 0.9%18 0.2878 0.1131 0.0716  0.0%06
I 1.0 1.0 1,0000 0.8%3 0.2469 0.1175 0.0685  0.0686
I 1.0 1.0 1.0000 0.9686 0.3046 0.118] 0.0754  0.0960
| 1.0 .LO 1.0000 0.9218 0.2476 0.113S 0.0668  0.0727
| 1.0 1.0 1.0000 0.9037 0.2481 0.1170 0.0683 0.0703
| 1.0 1.0 1.0000 0.8551 0.2505 0.1217 0.0708 0.0653
| 1.0 1.0 1.0000 0.9701 0.3193 10,1290 0.0811 0.0986

|

10. 00E+00 0. 00E+00 0. 00E+00 1. 165408 1.96E+08 1.01E+08 £,S2E+07 7.526+07
10. 0CE+00 0. 00E+00 0.00E+00 1.93E+08 1. BAE+08 1. 0SE+08 6, 48E+07 6. 1BE+07
10. GOE+00 0. 00E+00 0. 00E+00 1. 01E+08 2. 00E+08 1. 00E+08 6.58E+07 7.B8SE+07
10. 00E+00 0. 00E+00 0.00E+00 1. B3E+08 1. B4E+08 1. 04E+08 6. 43E+07 6. 26E+07
10. 00E+00 0. 00E+00 0. 00E+00 8. GOE+07 2.03E+08 9.97E+07 6.63E+07 B. 21EH07
10. 00E+00 0. 00E+00 0. 00E+00 1. 72£+08 1. BAE+08 1.03E+08 6. 38E+07 6. 3086+07
10. 00E+00 0. 00E+00 0. COE+00 7. 40E+07 2. 11E+08 1.04E+08 6.96E+07 8. BAE+07
10. 00E+00 0. 00E+00 0. 00E+00 1.43E+08 1.BAE+08 1.00E+08 6.24E+07 6. 73407
10. 00E+00 0. COE+00 0. 00E+00 1. 63E+08 1.B3E+08 1.03E+08 6.36E+07 6.53E+07
10. 00E+00 0. 00E+00 0. 00E+00 2. 0SE+08 1.86E408 1. 06E+08 b.57E+07 6. 106407
10. 00E+00 0. 00E+00 0. 00E+00 7. 136407 2. 1TE+08 1. 12E+08 7.43E+07 B.85E+07
ﬁumunnﬂllmmuiﬂmuﬂuﬂ{-iuumuulﬂﬂﬂuulﬂluuu

0.2713  0.7141 1.0000 1.0000
0.13558 0.6215 1.00%0 1.0000
0.2883 0.7435 1.0000 1,0000
0.2107 0.B630  1.0000 1.0000
0.3030 0.7506 1.0000 1.0000
0.2274  0.6938 1.0000 [.0000
0.3101 0,7506 1.0000 1.0000
0.2634  0.7450 1.0000 1.0000
0.2306 0.6727 1.0000 = 1.0000
0.1738  0.5677 1.0000 1.0000
0.3106 0.7506 1.0000 1.0000

HH!&Q*HH&}#IHHII-*!—!—*—IMHH‘I

1.96£+08 2, 70E+08 0.00£+00 0.00E+00
1.56E+08 2.81E+08 0.00E+00 0.00E+00
2. 04E+08 2.626+08 0.00E+0 0.00E+00
1.6356+08 2. 7BE+08 0. 00E+00 0. 00E+00
2. 10E+08 2.5%E+08 0. 00E+00 0.00E+00
1. 74E+08 2.73E+08 0.00E+00 0.00E+00
2. 132408 2. 59€+08 0.00E+00 0. 00E+00
1.92E+08 2.61E+08 0.00E+00 0,00E+00
1. 76E+08 2.77E+08 0.00E+0C 0.00E+00
1. 44£+08 2.B0E+08 0. 00E+00 0. 00E+00
2. 136408 2,596+08 0, 00E+00 0.00E+00
O
HEHHHHHHHHH HH
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HERTING CALCULATION

0AUX FOR HEATING
TYPE A
TYPE B
TYPE C
TYPE D
TYHE E
TYPE F
TYPE 6
TYPE H
TYPE |
TYPE J

|
|

ISSF CALC.

UNITLESS
UNITLESS
UNITLESS
UNITLESS
LMITLESS
UNTTLESS
UNITLESS
UNITLESS
UNITLESS
UNITLESS

KJ/%0
KJ/HO
KJ/mo
KJ /M0
KJ/H0
KJ/¥D
KJ/K0
KJ/M0
KJ/H0
KJ/K0

TABLE 3

| JAN FEB MAR APR mAaY JUN JUL AUB SEPT 0cT wov DEC
f—....._ -

I

I 0.0839 0.1059 0.1557 0.5023 1.0000 1.0000  1.0000 1.0000 1.0000 1.0009 0.5773 0.11%1
I 0.0730 0.0872 0.1155 0.3%! 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.5175 0.1082
I 0.0835 0.1146 0.1675 0.5233 1.0000 1.0000  1.0000 1.0000 1.0000 1,0000 0.6052 0.1307
[ 0.0803 0.0972 0.1270 0.4035 1.0000 1.0000 1.0000  1,0000 1.0000 1.0000 0.5573 0.1195
I 0.0895 0.1153 0.1739 0.5446 1.0000 1.0000 1.O000  1.000¢ 10000 1.0000 0,605 0.1307
[ 0.0876 0.1067 0.1391 0.4260 1.0000 1.0000  1.0000 1.0000 10000 L0000 0.5905 0.1P88
10,0835 0.1152 0.1752 0.5622 1.0000 1.0000  1,0000 1.0000 1.0000  £.0000 0.8049 0.1306
I 0.0835 0.1153 O0.1611 0.4556 1.0000 1.0000  1.0000 1.0000 1.0000  1.0000 0.5052 0.1307
I 0.0782  0.0358 (0.1357 0.4382 1.0000 1.0000 1.0000  1.0000 1.0000.  1.0000 0.5478 0. {151
I 0.0666 0.0769 0.1008 0.3780 11,0000 1.0000 1.OO0O0 1.0600 10000 1.0000 0.4783  0.099%
I 0.0635 0.1153 0.1752 0.5563 1.0000 1.0000 1.0000 1. 0000 1.0000  1.0000 0.6052 0.1307

17.66E+07 9. 42E+07 1.30E+08 2.72E408 0.00E+00 0. 00E+00 0, 00E+00 0. 00E+00
6. 76E407 7.93E+07 1.02E+08 2. 45E+08 0. 00E+00 0. 00E+00 0, 00E+00 0. 00E+00
18. 126407 1.01E+08 1.3BE+08 2. 7SE+08 0.00E+)0 0. 005400 0. 00E+00 0. D0E+00
|7.41E407 B.74E+07 1. 10E+08 2.49E+08 0.00E+00 0. 00E+00 0. 00E+00 0. 00E+00
18.12E+07 1.01E+08 1, 42E+08 2. 7BE+0B 0.00E+00 0. 00E+00 0, 0OE+00 0. 00E+00
17. 966407 9. 4BE+07 1. 195408 2. 54E+08 0. 00E+00 0. 00E+00 0. 00E+00 0, 00E+00
18. 126407 1.01E+08 1.A3E+08 2,79E+08 0. 00E+00 0. 00E+00 0. 00E+00 0. 0OE+HD
18. 126407 1.01E+0B 1. 34E+08 2.64E+08 0. 00E+00 0. 00E+00 0. 00E+00 0. 00E+00
I7.19E407 B.70E407 1. 16E+08 2.57E+08 0.00E+00 0.00E400 0. 00E+00 0. COE+00
16.21E+07 7. 08E+07 9. 02E407 2. 39E+08 0.00E+00 0. 00E+00 0. 00E+00 0. 00E+00
18126407 1.01E+08 1.43E+08 2.B0E+08 0.00E+00 0. 00E+00 0. 00E+00 0. 00E+00

1888 88880880888888408585485588¢548885855558¢58¢¢43 $555955585555568855¢8¢¢

0.00E+00 0.00£+00 2. B1E+08 1.01E+08
0.00E+00 0.00£+00 2. 74E+08 9. BOE+07
0. 00E+00 0.00E+00 2.B1E+08 1. 13E+08
0.00E4+00 0. 00E+00 2, 796408 1.05E+08
0.00E+00 0. 00E+00 2, BIE+08 1. 13E+08
0. 00400 0. 00E+00 2.B1E+08 1. 11E+08
0. 00E+00 0.00E+00 2.B1F+08 1. 136408
0.00E400 0. 00E+00 2.B1E+08 1. 136408
0.00E+00 0.00E+00 2. 786408 1, 01E+08
0.00E+00 0.00E+00 2.67F+08 B.S2E+07
0. 00E+00 0. 00E+00 2. BIE+08 1, [3E+08
S EeEEssses0Es08858508588886¢8588s




TABLE 3

COOLING CALCULATIONS

[

!
TYPE A b 5185 59.20  19.07 3.9 0.2 0.22 0.1k 0.16 0.2 1.8 1688 80.79
TYPE B ! | 4468 48,83 1417 2.9 0.4 0.23  O.14  0.13 0.38 LA 1445 T35
TYPE C I [ 5464 B4.02 20,31 A4 0S4 0.2 O.1a 017 0.5 1.3 1213 912
TYPE D i L4340 5436 15,58 302 0.8 023 013 0.13 0,40 161 15(4  B3.83
TYPE E | [ 5464 5435 21,23 437 055 0.22 014 018 0.58  2.02 1813 916
TYPE £ ! L5348 5381 1705 307 a7 0.22 013 0.13 0.4  L77 (7.4 w3
TYPE 6 | L5481 64,33 2145 &5 I Nk SR S R OR e 0.60 2.0 1812 5153
TYPE H [ I OSAEY 6435 1971 3% 2013 s 0.5 1,38 1813 5182
TYPE | ! 47,86 SA13 0 1534 223 L1 013 Ou1a 0.4 LES  iT.eh g0,
TYPE J | POos0.73 0 834t 12,33 2n : B TSN k! 0,38 LE 134 £3.%
TYOE K : | S4.64 64,35 21.a3 4,3 e SIS L 050 zrz g, LA

| EIESSESSS e e R e e

COOLING CALCULATIONS IFO0 CALC. |
TYPE A | bOLOI3 L0303 082 0272 s 0071 0083 G270 6TH Loi3 1o
TYPE B | POLO L0 L0 0871 0248 il 00T 0047 0.1% 082 Lot 1oL
TYPE C [ PoOLO Lo L0 00982 0,280 6115 0007 0037 0.5 G.7ak Log3 10w
TYPE D ! PoOLO . LOI3L013 0.882  0.248 0120 0.670 0% 0210 0.8 1013 po0u
TYPE E ! POLOI3 1013 LOI3 0.%2  0.283 0114 0,072 0,00 0304 OTSL O L01Z 1013
TYPE F i POLO OIS L0 0835 0248 03 0053 06T 6.8 e fois 1.013
TYPE 6 | POLOB L0 L3 0.%8 0.305 013 0076 0037 0311 ot g £.012

TYPE H | PoOLO L0303 0922 0288 itk 0.085 OuTh 0260 074 Lo3 g

TYPE | | POLOIE L0 L0 0508 0249 008 0085 0070 0.231 0673 1013 Lotz
TYPE J | Lo L0 LOI3 0.5 0.5t ed@@ 007 0.065 0077 0.%3 1013 .03
TYPE K | bOLOB3 O3 L0 0.970 0.220 013 C.082 0.9 0311 0.1 Lot Lol

| |

|
]
)
)
|
i
|
i
i
i
|




