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The collector shall be designed and mounted in such manner
as to provide adequate support during a 25 meters/second

wind load.

The collector array shall be roof mounted on steel supports

with walkways provided for easy maintenance access. See

Appendix -E- for wxample,

The coliectors shall be tested and rated in accordance with
ASHRAE 93-77 and the ASHRAE first order efficiency equation

shall be used as as a quideline for collector efficiency.

eff = Fp (N - Fruy (T; - T,)/6,

Within 30 days of contract award, the collector of the
brand and model proposed shall be shipped to EEA for

evaluation. This collector shall remain with EEA.

Pumps

Electrically (380 volts, 3 phase, 50 hertz) driven pumps
shall be compatible with hot water service. Consideration
should be made for stagnation temperatures which would be

much higher than nermal operating temperatures.

Two Circulation Pumps(s) (one active and one standby) shall
be sized to provide the flow required at the heads imposed
by the solar system. The circulation pump should be sjzed
to meet the requirements of the collection system so as to
circulate water through the collectors at a flow rate that
produces optimuim etfficiency. The pumps may be centrifugal

or positive displacement type.
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Thermal Storage Tanks

Solar collection water storage tank(s) snall ove sized to
provide three nours insolation energy without exceeding the
design or process limitations.,

The tank(s) snhall be designed and fabricated to meet or
exceed all applicable codes and standards. The tanks shai |
have all flanqged connections required for proper
installation, Operation, and control,

Preference shall be given to ground level or below grade
svorage; overhead or roof-mounted tanks shall not be

considered.

Pressurized storage is recommended.

Internal piping and/or baffles shall be provided for

stratified storage.

Tank material shall be selected as ~appropriate for

installation and service requirements (atove/below grade).

Fiberglass or carbton steei tank with corrosion resistant
interior coarings suitable for potable water shalil be
provided.
Controls

The control system sha'l be designed and constructed such
that high sysiem reliability in a harsh environment s
attained. Simplizity should be a prime goal in the design
of the control =ystom, The system is to be assombled and

tested prior to shipment,
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K. Safety relief valves and automatic air relief valves shal |
be incorporated in the solar system design as required for
a continuous, safe operation.

L. Provide a reduccd pressure backf low preventor at all plant
water tie-ins to prevent cross~-contamination of water
systems,

M. All piping shall be identified in English and Arabic based
on the American National Standards Institute, Standard No.
Al13.1-1956,

Insulation

A. Piping
All piping serving the solar collection system shall be

insulated with form-fitted, heavy-density fiberglass., All
piping shall have an embossed aluminum Jacket. Fittings
shall have a PVC (poly vinyl chloride) form fitted cover,

No duct tape shall be used.

The insulation product shall not support combustion. It
shall have a flame spread rating not exceeding 25 and a
smoke developed rating not exceeding 50 (ASTM E84 or I 723
or English System equivalent). Insulation protection
saddles shall Lc used at each hanger location. "Blocking"
(multiple layers of insufation) shall be employed on all
insulated piping 2-1/2" diameter or larger. Unions shall

not be insulated.
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fnsulation thicknesses shall be selected to provide an
overall heat loss equal to or less than 0.16 W/ml °C (0.10
BTUH/f+2 °F). |n No case shall the piping insulation

thickness be less than 25.4 mm (1 inch).

Equipment

All above-grade thermal storage tanks and heat recovery
equipment shall be insulated with heavy-density unfaced
industrial fiberglass board conforming to equipment
contours and banded in place. A field-applied mastic
and/or aluminun cover surface finish will be required.
Outdoor equipment wil| require a metal covering.

I'nsulation thicknesses shall be selected to provide an

overal! heat loss equal to or less than 0.06 W/m? °C (0.10
BTUH/fTZ °F), In no <case shall insulation tihhickness be

less than 1,

The insulation product shall not support combustion. It
shall have a flame spread rating not exceeding 25 and a
smoke developed rating not exceeding 50 (ASTM EB84 or UL
723).

Be low-grade thermal storage tanks shall be insulated, as
appropriate for the siie conditions, using a hydrophobic

material compatible with the equipment material (chemically

inert),

Electrical

The contractor shal! provide all electrical design,
specifications materials, tools and construction labor to
complete a ready to operate electrical system (380

volts/3 phase/50 hertz.
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All electrical work shall conform with the requirements and
recommendat ions of the NEMA (National Electrical
Manufacturer's Association) local codes and all applicable
governmznt codes, '

The confractor shall provide all necessary raceways,
offsets, fittings, and boxes and adjust all fixtures and
equipment and provide all supporting materials required for
a planned, cou-.linated and neat installation,

The Contractor shall commission and check for correct
operavion of all electrical devices,

Rigid conduit shall be galvanized, zinc metalized or
alumivnum,

Flexible conduit shall be used for final connections to
motors,

Instrumentation

Al

The contractur shali provide all instrumentation design,
specifications, materials, tools, and censtruction labor to

complete a ready to operate instrumented solar |[PH system.

All instrumentation work shall conform to the requirements
and recommendations of the Joint Industrial Counsel (JIC),
American Society of Instrumentation, local cedes, and all

applicable government codes.
The contractor shall design, purchase and install all

panels and instruments and provide all electrical and

electronic interconnactions between the various components

2
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(b) Logic diagrams
(c) Interconnection diagrams
(d) Cabling diagrams

(e) Wiring diagroms
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Appendix -A-

Existing and Proposed Flow Diagrains

R582/13.dt A-1


http:R582/13.dt




! ] i
| |
;
: i
AN !
\:/\ STEaw oSy ;
: () T o — ﬂ( |
; i
| . |
; 4 FRGOCZZSS ( |
5 ) ' ) i
! /\ . 1
l 3 2 D g
! . x
0 ] " i
! 2> € |
: Y !
| g 2 5
HIGH TEMP. RINSE i
! 8 3.0
: ] : :
f ] ] '
| ! |
i . I
i 19 \ie/ 21 T
N i
T b i
; . |
! 25 i
! !
g ;
| Y !
g 1
1
| |
: :
i
: .
B Q !
y N i
. i1} 1
! [V '
. ~
; N
; b
! i
. _ 5 |
p——— AN . —. Saii. Tilie REERYTvY WRCT PR o i
— : . LOCKWOOD GREENE 500k DIAGRAM | us.ap (8420800 A 2
: - : + Plamers/Engneerc/Arenitects/Managers oy [STING CONDITION: HELWAN TEXTiLE [T 5 |
— = =
——me . aim N — —_—— e e 2 e A ART_FXTTFD: R/PR/RE . NRATHNOIRAIBANADAAL O o b

Soe s




Stream

Number Stream Name
1 Process Water Total, In
2 High Temp Washer Process Washer, A
3 Low Temp Washer Process Water , A
4 Rinse Washer, Process Water, A
5 Steam total, In
6 High Temp Washer Stcam, A
7 Low Temp Washer Stcam, A
8 Rinse Washer Steam, A
9 Temp Washer Fabric, In
10 High Temp Washer Fabric, A
11 Low Temp Washer Fabric, A
12 Rinse Temp Washer Fabric, Out
13 High Temp Process Water With Fabric, A
14 Low Temp Process Water With Fabric, A
15 Rinse Water With Fabric, Out
16 High Temp Washer Process Water, 8
17 Low Temp Washer Prucess Water, B
18 Rinse Washer Process Water, B
19 High Temp Washer Condensate, B
20 Low Temp Washer Condensate, B
21 Rinse Washer Condensate, B
22 High Temp Washer Waste Water, B
23 Low Temp Washer Waste Water, B
24 Rinse Washer Waste Water, B
25 Waste Water Total, Out
26 High Temp Washer hcat Loss, Out
27 Low Temp Washer Heat Loss, Out
28 Rinse Washer Heat Loss, Out
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ELWAN C4-QUT SuT EXISTING CONDITIONS

(4710972

STREAM NUMHER 22 2l e 3 R 27
PeSCRIFTION HICH TENE LOW TENs FINTE KRSTYD WRTES MiH TEMR LOW Tene
WAZTE HATER WASTE WATLx RinlE Wt TOT ke HEAT L 088 HEAT (0SS

& K - cut our our

TipEg 71 194 g ¢t 180 194 !
ESSLIE GRS LAY 4.7 4.7 1.7 14.7 4.7 14,7
RSS (LR/HR) 9,187 19,245 5U75 SRERICH ¢ ¢
BOLETU/LE) 142 Ih 3 148 162 126

1

7571

¢ (BIU/HR) 14,000,274 LAMLET LY 117,519,752 12,204,330 (281,464}



A.2 Proposed Flow Diagram

Appendix A.2, Proposed Flcw Diagrams, indicates the operating

conditions after installation <f the waste heat recovery system and the

solar system.
Pages A-9 and A-10 describe the streams.

Heat and Mass balances for individual equipment and for the overal |

plant can be accomplished in order to determine the parameters needed

for appropriate equipment sclaciions,

I't an alternate system s proposed in addition to the base design,

the Contractor shall revise the flow diagram and tabulations for

submittal,
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Appendix -B-

Iinsolation Data:

Cairo, Egypt
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A Summation of the Daily Total Solar Radiation Regeived on Surfaces of Various
Orientations in cal/em”

Month Normal Horiz, South North East West
Jan. 720 366 485 44 215 215
Feb. 752 435 440 49 250 250
March 796 523 350 56 273 273
Apri | 830 500 226 65 275 275
May 863 650 150 RS 288 288
June 864 662 15 130 295 295
July 858 650 130 16 288 288
Aug. 828 610 190 80 285 285
Sep. 790 546 293 59 270 270
Oct. 714 438 385 51 240 240
Nov. 672 361 452 45 216 216
Dec. 660 330 466 42 202 202
Annual 779 514 306 70 258 258

Data Supplied by EEA
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Month

JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
ocT
NOV
DEC

ANNUAL

R582/14.4dt

Mormal

2657

2775

2937

3063

3184

3188

3166

3055

2915

2635

2480

2435

2875

CATRO, EGYPT

DAILY TOTAL SOLAR RADIATION

BIU/FTZ

Horixr.

1528

1605

1930

2214

2399

2443

2399

2251

2015

1616

1532

1218

1897

Conversion from S| to English
by LGE

B-4

South

1730

1624

1292

834

554

424

480

701

1081

1421

1668

1720

1130

North

162

181

207

240

391

480

166

155

260

East

793

923

1007

1015

1063

1089

1063

1052

996

886

197

745

952

West

793

23

1007

1915

1063

1089

1063

1052

996

886

797

745
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Appendix -C-

Field Test Data Acquisition System

P
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The following minimum specifications are required for the ODAS. |f

an exception must be taken fto cone or more of these requirements, tne
exception shall be notoed and a clear explanation given as to why the
bidder believes fhat 1he exception should be acceptable to the

purchaser.

System Power Requirements

o Capable of operuticn using self-contained batteries
o Capability of the use of an external power source to allow
continued data collection while changing batteries s

desirable

o Capable of transient protection from spurious electricl charges

or lightning.

Environmental Specifications

o Ambient Temperaturs: -5° C to +55° C

0 Relative Humidity: 0 to 95 percent non-condensing

o] Impervious to airborne sand/dust.

Analog Inputs

o Number of channels: At least 12 channels

o Voltage Measurement Types: Differential or single-ended

0  Accuracy of Measurements: at least + 0.5 percent

R582/15.4t C-3
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o Range and Resolution: Selectabie for any input channel from
microvolts to scveral volts full scale

o) Sample Rates: At least once per second for each channel

0 Multiplex Capability: at least four channels

Pulse Inputs

o] Number of Pulse Counter Channels: at l|east 4 channels

o} Analog and C[Ciqgital Control Qutputs: a ‘total of three
resettable channe!s cach is desired with a range of 0 to +/- 5
volts with a 0.5 volt resolution

o Multiplex Capability: at least three channels

Output Signal Interface

O Memory: Capable of storing at least 3000 data points per day
for a period of two months

o Display: A visual display of instantaneous stored data is
required on-site for data verification before data removal

o Per’'pheral Interface: Downloading of data at the site should
be by physical removal of the data storage device or simple,
reliable data dcunloading to a ncn-volajle storage device,
Storage data files shall be [BM-PC compatibie on floppy disc
either directly from the data logger or through a simple, fast,
reformatting techique,

R582/15.dt C-4
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FIELD TEST PERFORMANCE DATA REQUIREMENTS

Field Test #3 Solar Industrial Process Heat General Poultry

OSDA Paramneter

T-1 Make-up Water to Solar Storage Tank -
Tempera-ure

¥-2 Solar Collector Inlet - Flowrate

T-3 Solar Collector Inlet - Temperature

T-4 Solar Collector Outlet - Temperature

T-5 Solar Storage Tank Temperature

F-6 Solar Heated Water to Washers - Flowrate

T-6 Solar Heated Water to Washers - Temperature

F-7 Heated Process Water from Waste Heat Exchanger
- Flowrate

T-8 Heated Process Water from Waste Heat Exchanger
- Temperature

F-9 Waste Water to Heat Exchanger - Flowrate

T-10  Waste Water to Heat txchanger - Temperature

R582/15,dt C-5

Channel Output
Type Interval
A 10 min

P 10 min

A 10 min

A 10 min

A 10 min

P 10 min

A 10 min

P 10 min

A 10 min

P 10 min

A 10 min

Ay


http:R582/15.dt

T-11 Waste Water from Waste Heat Exchanger - A 10 min

Temperature

T-12  Process Water to Waute Heat Exchanger

Temperature A 10 min
T-13  Heated Process Water to Washers - Temperature A 10 min
F-14 Heated Process Water to Washers - Fiowrate A 10 min
F-15  Plane of Array Insolation P 10 min
T-16 AMB DRY BULB Temperature A 10 min
T-17  AMB WET BULB Temperaturu A 10 min
P-18 Barometeric Pressurco A 10 min
F-19  Wind Velocity P 10 min
F-=20 Wind Direction A .10 min

R582/15.d%t C-6
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Appendix -D-

implified Process and Instrument Diagram
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Appendix -E-

Flant Layout
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Appendix -E-

Plant Layout
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Appendix -F-

FCHART-4R Results
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C. Collector and Collv.-for HX

11, Collector Area = 4,000
Enter the total collector area. I'f optimization is selected,
this value is ignored. (1.0 square foot is the minimum value

accepted by FCHART).

12, FR-UL Product = 0.72 Btu/hr, sf, F
Enter the slope of the straight line collector efficiency curve
as determined by !he ASHRAE 93%-77 Collector Method. (Value is

for flat U.S. solar coliector).

13, FR=TAU-ALPHA Product = 0.76

Enter the y-intercept of the straight line collector efficiency
curve as determined by the ASHRAE 93-77 Collector Test Method.

(Value is ror U.S. solar collector).,

14, Incident Angle Modifier Constant = 0.17

Enter the value which is experimoentally determined by the
ASHRAE 93-77 Collactor Tost Method. (Value is for U. S. solar
collectors,)

15. Collector Tiit Angle = 45 degees, Base Run

Enter the number of degrees (from horizontal) that the

collector is tilted.
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16. Collec*or Azimuth Angle (§92Iﬁ_9: Fast=-90, West=+9¢@)

Enter the direction of the collector relative to South, which
is defined as zero. Any azimuth between -180 and +180 is

acceptable,

17, Collector HX Effectiveness = 1.
Enter a value of onc (1) when there s no collector heat
exchanger. When there is a collector heat exchanger, enter a
value between roro and one. Typical values are 0.7 with
correctly sized hoat w.changar and | for no heat exchanger.

18. - Collector Loop Flow Raie - 14.70 Ib/hr sq ft

The flow rate per unit of collector area between the collector
array and the coilecior heat exchanger or tank (depending on

whether there is a collector heat exchanger or not).

Fluid flow per square foot (SF)
of collector area. Define as 1.0
gpm/34 SF.

8.33 Ib/gal of water

The collector loop flow rate

becomes

1/34 gpm/SF
* 8.33 Ib/gal
¥ 60 minutes/hour

14,70 Ib/hr sf

R582/18.dt F-8
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Collector-Storage Loop Flow Fate = 14.70 Ib/hr

20,

21,

23.

24.

The flow rate par unit of collector area between the collsctor

heat exchanger and 1he tank if there is a collector

heat

exchanger. If there i4 ne heat exchanger, value is iqnored.

Specific Heat of Collector Fluid = 1.0 Btu/lb.F

Enter the value for the specific heat of the collector fluid.

The value for waier is one (1) when using English units,

Specific Heat of Tank Fiuid = 1.0 Btu/Ib.F

Enter the value for the spacific heat of the tank fluid.

value for water is onc (1) when using English units,

UA of Collector Inlet Pipe = 0.5 Btu/hr.F

The overall heat lossg coefficient U of the inlet

multiplied by the surface area A of the pipe.

UA of Collector Outlet Pipe = 0.5 BTU/HR.F

The overall heat Joss coefficient U of the outlet

multiplied by the surface area A of the pipe.

Ground Reflectance = Ozg

Enter the reflectance of the horizontal surface in front of

The

pipe

pipe

the

collector. A valuc of 0.2 js typical except for conditions of

snow or water surroundings, or other reflective surfaces.
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