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FOREWORD
 

APPLICATION REVIEW
 

The Egyptian Electricity Authority(EEA), The United States Agency
 

for International Development (USAID/Cairo), and a group of U.S. 

consultants form a team responsible for conducting field test 

demonstration projects for eleven renewable energy applications in 

Egypt. These demonstration projects include the use of photovoltaic,
 

wind, and solar thermal systems for water pumping, ice making,
 

desalination, industrial process heat, and grid-connected electricity
 

generation. The specific objectives of the four-year program are: (I)
 

to demonstrate the viability of renewable energy echnologies in Egypt,
 

(2) to comprehensively strengthen Egyptian technical and institutional
 

capabilities in the full spectrum of renewable energy planning and
 

decision making, and (3) to establish the infrastructure necessary to
 

ensure that renewable energy technologies, which have proven successful,
 

are available for w'despread use in Egypt.
 

Each of the field tests contains seven generic tasks: Technology
 

Review, Application Review, Conceptual Design, Preparation of a
 

Statement-of-Work for a Tender Document, Proposal Evaluation,
 

Supervision of Hardware Installation, and Performance Evaluation. Five
 

of the eleven potential field test demonstration projects are Solar
 

Thermal Industrial Process (IPH) Heat Applications. The Application
 

Review for one of these five field tests, General Poultry Company, is
 

presented in this document.
 

The proposed field test site is located in Heliopolis, near Cairo.
 

The system consists of a solar IPH system (designed to fill and maintain
 

the scalder tanks' hot water level), steam flash tank, and a steam
 

conden'ate return system. Each is designed to operate independently.
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This Application Review is the key document on which a decision to
 

proceed further with this particular field test will be based. The
 

review summarizes an evaluation of 
the proposed field test location,
 

user requirements, solar resource assessment, and the technology of
 

solar thermal industrial process heat in combination with a flash steam
 

system and condensate return system to meet the load levels required for
 

processing poultry.
 

A preliminary engineering cost estimate was completed as part of
 

this Application Review 
in support of Task 2.1. This cost estimate is
 

presented in Appendix -A- of this document.
 

This document is subtask 3.3.1 of the field test requirements under
 

Contract AID 263-123C-00-4069-00, Task Area 3. The recommendations made
 

in this document are based on the technical merit of the application.
 

The results from Task 2.1, Market/Economic Assessment, address other
 

factors that may impact the potential for widespread implementation of
 

Solar Thermal Industrial Process Heat Systems in Egypt. Task 2.1
 

results are provided in a separate document.
 

Finally, general background technical information on Solar Thermal
 

is being provided in the Solar Thermal Reference Notebook (TRN) under
 

Task 2.2.4. Section 5.0 of this Application Review contains a summary
 

of the TRN information relevant to this specific field test.
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1.0 EXECUTIVE SUMMARY
 

1.1 	 Criteria for the Field Test Evaluation
 

The proposed field test for a Solar Thermal Industrial Process Heat
 

System is one of the original eleven field tests under the Renewable
 

Energy Field Testing (REFT) Prcject. The principal objective of this
 

field test project is to provide the Egyptian Electricity Authority
 

(EEA) with practical working experience using Solar Thermal Industrial
 

Process Heat for the poultry processing industry. This experience
 

includes system design, operation, maintenance, repair, and evaluation
 

of Solar Thermal Industrial Process Heating Systems for the purpose of.
 

assessing and implementing similar projects throughout Egypt.
 

There are a number of key factors that provide the context for the
 

AppI'cation Review and support the evaluation of the desirability to
 

proceed with a particular field test. The first factor is the degree to
 

which the field test contributes to the objectives of the overall REFT
 

Project. The Project has broad objectives to investigate selected
 

renewable energy options:
 

1. 	Comprehensively strengthen Egyptian technical and institutional
 

capabilities in the full spectrum of renewable energy planning
 

and decision-making for technologies and applications;
 

2. 	Develop and sustain an Egyptian renewable energy infrastructure
 

through establishment of data bases, information systems, and
 

organizations that effectively serve both the public and
 

private sectors;
 

3. 	Design, realize, and evaluate the performance of a series of
 

field tests which utilize commercially available technologies
 

In applications having potential for widespread use in Egypt;
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4. 	Complete formal managerial and technical training, both
 

on-the-job and specialized, and an intensive information
 

disseminaton program.
 

An assessment of the contribution of this specific field test to
 

the REFT Project objectives must consider the criteria necessary for a
 

successful demonstration of any Solar Thermal Industrial Process Heat
 

system. These criteria are listed below, although not necessarily in
 

order of importance.
 

1. 	Current and future user needs
 

2. 	A viable solar resource
 

3. 	Proven, reliable, and commercially available systems
 

4. 	Site characteristics and infrastructure for installation
 

5. 	Capability for successful operation and maintenance of the
 

systems
 

6. 	Potential for widespread use in Egypt
 

The application of a Solar Thermal Industrial Process Heating
 

System for General Poultry will serve as a demonstration of the
 

capability of the combined technology of Solar Thermal Industrial 

Process Heat, Flash Steam Technology, and Condensate Return Systems to 

reliably supply significant amounts of energy. As in the General Poultry 

Application Review, other Solar IPH candidates should evaluate all waste 

heat sources' potential prior to assessing a solar thermal system. It 

is important that this field test be designed to distinguish between the 

performance of Solar Thermal Industrial Process Heat, Flash Steam 

Technology, and Condensate Return Systems, so that each can be evaluated
 

for other applications. This field test will also provide valuable data
 

on the performance of Solar Thermal in comparison to Flash Steam and
 

Condensate Return Systems under similar levels of maintenance and
 

operational support.
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The following paragraphs summarize the findings of various studies
 

and analyses addressing these criteria. Detailed discussions of each 

are provided in the respective sections of the document or in additional 

published documents as referenced. 

1.2 Current and Future User Requirements
 

Three site visits were made by representatives from Lockwood Greene
 

Engineers, Incorporated and EEA to collect information relevant to the
 

poultry proccessing industry's energy consumption, solar resource,
 

relevant institutional factors, and market and economic data.
 

The General Poultry company is a facility near Cairo, Egypt, that
 

currently processes 50,000 chickens per day. Another processing line is
 

under construction which will process an additional 50,000 chickens per
 

day.
 

The facility includes a slaughter area, scalding tank, rendering
 

removal (feathers, organs, heads, feet, etc.) area, rendering cooker
 

area, cleaning area, and packaging area.
 

Hot water for scalding is presently provided by steam from boilers
 

now fired with fuel oil.
 

The 	renderings are placed in cookers where moisture is evaporated,
 

using high pressure steam from oil fired boilers. The remaining cooked
 

solid product is used as chicken feed on the participating farms.
 

1.3 The General Poultry Company's Energy Resources
 

Three energy sources were identified:
 

1. 	Solar thermal industrial process heat to provide the scalders
 

with fill water and make-up water at 60°C (140°F).
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2. 	High pressure condensate from the rendering cookers that can be
 

flashed to a lower pressure allowing the creation of low
 

pressure steam and condensate.
 

3. 	Steam condensate that Is presently going to the drain system.
 

1.4 	 Preliminary Conceptual Design
 

I. 	The heat load on the scalder is created by evaporation losses,
 

radiation losses, and cold make-up water additions which are
 

created as birds leave the scalder carrying hot water entrained
 

in their feathers. The entrained water must then be replaced.
 

2. 	Once the renderings are removed from the bird, the renderings
 

are placed in cookers. Five rendering cookers using high
 

pressure steam reduce the renderings to solids. The cookers'
 

high pressure steam condensate will be flashed to low pressure
 

steam and condensate.
 

The low pressure steam will be used !' maintain the scalder's
 

temperature and the condensate will be returned to the boilers.
 

3. 	AlI existing low pressure condensate will be returned to the
 

boilers, thus minimizing cold water make-up requirement and
 

improving boiler efficiency.
 

1.5 	 Conclusions and Recommendations
 

Based on this Application Review, the following conclusions and
 

recommendations are provided.
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Conclusions
 

1. 	The design, operation, maintenance, and repair experience with
 

Solar Thermal Systems that will be obtained through this field
 

test will form a strong technical base for the design and
 

application of other similar renewable energy applications.
 

2. 	Data from this field test can be shared with the public and
 

private sectors through the REIS System (Rsearch Energy
 

Information System).
 

3. 	The General Poultry facility is an acceptable application for
 

demonstrating the use of Solar Thermal Industrial Process Heat
 

because there is an existing and growing demand for processed
 

poultry.
 

4. 	 General Poultry employs engineers and technicians that can be
 

trained to operate and maintain this solar system.
 

5. 	The solar resource is exceptional and the processing plant
 

provides a balance between Solar Thermal, Flash Steam, and a
 

Condensate Return System.
 

6. 	The sizing of the systems is based on average hourly demands
 

due to demand fluctuations during the day.
 

7. 	A modular design using prover, reliable, and commercially
 

available systems is considered to minimize initial cost and so
 

that future additional capacity can be added.
 

8. 	The most economically feasible and most reliable choice, on a
 

long term basis, is a flat plate collector array with
 

corresponding storage tank and delivery system.
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Recommendations
 

1. 	Install a steam flash tank, where high pressure condensate from
 

the rendering cookers is reduced to a lower pressure creating
 

low pressure steam and condensate. The low pressure steam will
 

be used in the scalders and low pressure condensate returned to
 

the boilers.
 

2. 	Return all steam condensate to the boilers.
 

3. 	 Install a 4,000 square foot (370 square meter) solar array with
 

storage tank, controls and piping to provide the scalders hot
 

water.
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2.0 OBJECTIVES AND BACKGROUND
 

2.1 Objectives
 

The primary objectives of this field test are to provide EEA with
 

practical working experience using Solar Thermal Industrial Process
 

Heat and to provide system design and operational training for Egyptian
 

engineers for the purpose of assessing and implementing similar projects
 

throughout Egypt. This field rest will evaluate the viability of Solar
 

Thermal Industrial Process Heat, with Steam Flash Tank Technology and
 

Steam Condensate Return Systems, for the poultry processing industry.
 

The application of Solar IPH, Flash Tank, and Condensate Return
 

Systems for poultry processing at Heliopolis will serve as a
 

demonstration of the capability of the combined technology of Industrial
 

Process Heat to reliably supply significant amounts of energy at other
 

poultry processing facilities. It is important that this field test be
 

designed to distinguish between the performance of the Solar IPH and the
 

performance of the Flash Tank and Condensate Return Systems so that each
 

can be evaluated for other applications.
 

2.2 Background
 

General Poultry is a large poultry processing plant, packing 50,000
 

chickens per day. An ongoing expansion will ir;crease production to
 

100,000 chickens per day. The process plant includes an unloading area,
 

slaughter area, scalding process, rendering removal (feathers, organs,
 

heads, feet, etc.) area, rendering cooker area, cleaning area, and
 

packaging areas.
 

Each day 5 mTONS (11,025 Ibs) of dead birds are also processed in 

the rendering cookers in addition to waste parts from the production 

line. 
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The cookers use high pressure steam to evaporate the moisture in
 

renderings. The moisture is condensed in a series of vent condensers.
 

The solids are returned to the poultry farm and used as feed. The
 

rendering cookers' steam is from one oil-fired boiler operating at 8 bar
 

(116 psig).
 

Each morning the scalders ara filled with cold water and the
 

temperature increased to 600C (140°F) using low pressure steam in a
 

closed coil. The steam condensate is not returned to the boilers' feed
 

tanks. Scalder make-up water is required due to evaporation and water
 

entrained in the chicken feathers as the chickens leave the scalder.
 

Boilers supplying steam to the rendering cookers and the scalders
 

are assumed to operate at 75% efficiency (Note- No boiler or stack data
 

is available).
 

No steam condensate is returned to the boilers; therefore r-oller
 

feed is 100% make-up. The make-up water is not preheated.
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3.0 ASSESSMENT OF USER REQUIREMENTS
 

3.1 	 Existing Poultry Processing Evaluation
 

Technical data below summarizes the process information received
 

from EEA and General Poultry. The actual data is shown in Appendix -B-.
 

Numbers in parentheses to extreme left are applicable stream numbers,
 

referenced from Appendix -C-.
 

Average production: 6,000 birds/hr/line = 50,000 birds/day/line
 

Annual plant operafing time: 330 days
 

Average scalder cperating time: 8 hr/day
 

3 =
(1Oc) Estimated scalder make-up water: 27.2 m 3,400 Kg/hr (7,482
 

Ib/hr)
 

(1) Bird temperature before entering the scalder: 36°C (96.8*F)
 

'2') Bird temperature exiting the scalder: 46°C (114.8*F)
 

Average bird weight before entering the scalder: 1,016 gms (2.24 lbs.)
 

Average bird weight after the scalder: 1,276 gms (2.81 lbs.)
 

(2") Average water removal/bird: 260 gm/bird = 3,247 Kg/hr (7,144
 

lb/hr)
 

Average rendering operating cooker time: 11 hr/day
 

(3) Bird temperature before entering the cookers: 460C (114.8°F)
 

84208.02
 
R565/6.dt -9­

http:R565/6.dt
http:84208.02


(4') Moisture in renderings: 3,375 Kg/hr (7,442 lb/hr)
 

(4'+4,,) Condenser loading: 3,844 Kg/hr (8,476 Ib/hr)
 

(3) Mass flow to cookers: 4,500 Kg/day (9,923 lb/hr)
 

3.2 Application of Specific Energy Sources
 

High Pressure Steam Condensate
 

When hot condensate or boiler water, under pressure, is released to
 

a lower pressure, part of it is re-evaporated, becoming what is known as
 

flash steam. The heat content of flash is identical to that of live
 

steam at the same pressure, although this valuable heat is wasted when
 

allowed to escape. With proper sizing and installation of a flash
 

recovery system, the latent heat content of flash steam may be used for
 

space heating; heating or preheating water, oil and other liquids; and
 

low pressure prccess heating.
 

In some cases, the flash will have to be supplemented by live
 

make-up steam at reduced pressure. The actual amount of flash steam
 

formed varies according to pressure conditions. The greater the
 

difference between initial pressure and pressure on the discharge side,
 

the greater the amount of flash that will be generated.
 

To determine the exact amount, as a percentage, flash steam formed
 

under certain conditions, use the following formula:
 

% flash steam = SH-SL x 100 

H 

Where 

SH = sensible heat in the condensate at the higher pressure before 

discharge, btu/Ib 
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SL = sensible heat in the conden;ite at the lower pressure to which 

discharge takes place, btu/Ib 

H = latent heat in the steam at the lower pressure to which the 

condensate has been discharged, btu/Ib 

Flash Tank Construction
 

The flash tank c.m ,isujlly be conveniently constructed from a piece
 

of large diameter piping wiht the bottom ends welded or colted in
 

positon. The tank should be mounted vertically. A steam outlet is
 

required at the top and a condensate outlet at the bottom. The
 

condensate inlet connection should be six to eight inches above the
 

condensate outlet.
 

The important dimension is the inside diameter. This should be
 

such that the upward velocity of flash to the outlet is low enough to
 

insure that the amount of water carried over with the flash steam, is
 

small. If the upward velocity is kept low, the height of the tank is
 

not important, but good practice is to use a height of two to three
 

feet.
 

It has not been found that a steam velocity of about 10 feet per
 

second inside the flash tank will give good separation of steam and
 

water. On this basis, proper inside diameters for various quantities of
 

flash steam can be calculated.
 

Flash Steam Installation
 

Condensate return lines contain both flash steam and condensate.
 

To recover the flash steam, the return header runs to a flash tank,
 

where the condensate is drained, and steam is then piped from the flash
 

tank to points of use. Since a 'lash tank causes back pressure on the
 

steam traps discharging into the tank, these traps should be selected to
 

ensure their capability to work against back pressure and have
 

sufficient capacity at the available differential pressures.
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Condensate lines should be sloped toward the flash tank and where
 

more than one line feeds into a flash tank, each line should be fitted
 

with a swing check valve. Then, any line not in use, will be isolated
 

from the others and wi II not be fed in reverse with resultant wasted
 

flash steam. If the trap is operating at low pressure, gravity drainage
 

to the condensate return receiver should be provided.
 

Generally the loation chosen for the flash tank should meet the
 

requirement for maximum quantity of flash steam and minimum length of
 

pipe.
 

Condensate lines, to the flash tank, and the low pressure steam
 

lines should be insulated to prevent waste of energy through radiation.
 

Low pressure equipment using flash steam should be individually
 

trapped and discharged to a vented flash tank. See Exhibit 3-2.
 

The high pressure condensate from the rendering cookers should be
 

flashed to low pressure steam. The low pressure steam will be used to
 

maintain the scalder water temperature and pre-heat the boiler feed
 

water. The low pressure steam will not be available to heat the scalder
 

fill water, as the rendering cookers' operational day starts several
 

hours after the scalder's operational day begins.
 

Steam Condensate Return System(s)
 

The condensate return system performs the basic function of a steam
 

trap. The receiver operates at atmospheric pressure therefore, the
 

condensate will flow by gravity into the condensate receiver. When the
 

receiver condensate level reaches a set high level, the pump will start
 

and discharge the condensate at saturation temperature.
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When multiple small loads at varying steam pressures are used and a
 

separate closed return system cannot be justified for each load, they
 

may be combined as shown in Exhibit 3-1.
 

The various steam using equipment is connected through steam traps
 

into a flash tank operating at a pressure below the minimum pressure of
 

any connected load. A check valve is instal led after each trap to
 

prevent a backflow through the trap when a piece of equipment is not
 

operating.
 

The flash tank, operating at a pressure less than any piece of
 

connected equipment, develops low pressure steam that may be used for
 

heating loads requiring low pressure steam. The condensate from the
 

flash tank is then drained into a closed return system to return the
 

condensate at saturation temperature.
 

Equipment with modulating temperature controllers cannot be
 

combined in this manner as the pressure may drop below the flash tank
 

pressure and condensate will not flow through the trap.
 

This arrangement is ideal for multi-roll drum type dryers, steam
 

cookers, and autoclaves.
 

Traps must be sized for pressure differential between the equipment
 

and the pressurized flash tank.
 

The arrangement shown In Exhibit 3-1 also permits handling of
 

return temperatures at 250*F limiting the flash tank pressure to 15 PSIG
 

maximum.
 

When multi-loads are to be combined on a system using modulating
 

temperature controllers, they must be connected through a vented flash
 

tank. The 212°F condensate from the vented flash tank can be pumped
 

without the need for additional cooling.
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Low pressure condensate from the scalder and flash tank should be
 

returned to the boiler feed tank. The boiler(s)' feed water
 

temperature will be increased, as 100% of the boiler steam will be
 

returned as condensate.
 

This will require the combining of all steam systems.
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3.3 Existing Poultry Processing Energy Demand
 

Exhibit 3-3, existing poultry process block diagram, details energy
 
streams evaluated in this Applicaton Review. Appendix C tabulates the 

mass flow, operating temperature, operating pressure, enthalpy, and 

resulting energy demand. 
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The following calculations summarize the energy demand (dQ), for the
 

Scalders and Rendering Cookers.
 

Scalder Streams
 

(1) 	 Birds in = 2,063.9 MBtu/hr 

(2) Birds out = -2,635.4 MBtu/hr
 

(2") H2 0 W/bird - -771.6 MBtu/hr
 

(21) 	 Evaporative losses = -36.5 MBtu/hr 

(22) Radiation losses -122.6 MBtu/hr
 

(lOB) Fill water = +286.7 MBtu/hr
 

(IOC) Make-up water = +299.3 MBtu/hr
 

(23) 	 Fill water out = -773.9 MBtu/hr 

dQl.O (scalder) = -1,690.1 MBtu/hr (1.78 x 106 KJ/hr.) 

Rendering Cookers Streams
 

(3) 	 Renderings in = 658.9 MBtu/hr 

(4') Vapor out = -8,558.2 MBtu/hr
 

(4") DOA vapor out = -1,188.6 MBtu/hr
 

(6) 	 DOA poultry = 41.9 MBtu/hr 

(7) 	 Renderings out = -711.9 MBtu/hr 

(25) Radiation losses = -975.8 MBtu/hr 

dQ3.0 (rendering cookers) -10,733.7 MBtu/hr (11.3 x 106 KJ)/hr) 

3.4 Existing Poultry Processing Fuel Consumption
 

The 	following calculations summarize the fuel consumption
 

(BBL/yr) for the Scalders and Rendering cookers' energy
 

demand.
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Scalder
 

dQl.0 (scalder) = -1,690.1 MBtu/hr
 

Steam hs = 1,193 Btu/Ib
 

Condensate h 	 = 219 Btu/Ib 

MSTM 	 = t (hc -hs) 

(12) MSTM 	 = -1,690.1 i (219-1,193) 

(12) MSTM 	 = 787.3 Kg/hr (1,736 lb/hr)
 

QSTM 	 = MSTM * hs 

= 1,736 lb/hr * 1,193 Btu/Ib 

(12) 	 QSTM in = 2.18 x 106 KJ/hr (2,071 MBtu/hr) 

Rendering Cookers 

dQ3.0 (rendering cookers)= -10,733 MBtu/hr 

Steam h. = 1,193 Btu/hr 

Condensate H = 319 Btu/hr 

MSTM 	 = QS r (hc - hs) 

= -10,733.8 e (319 - 1,193) 
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(24) MSTM = 5,577 Kg/hr (12,297 Jb/hr) 

QSTM = MSTM * hs 

= 12,297 lb/hr * 1,193 Btu/Ib 

(24) QSTM = 15.5 x 106 KJ/hr (14,670 MBtu/hr) 
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4.0 ASSESSMENT OF SOLAR RESOURCES
 

4.1 General Insolation Profiles
 

Based on the Insolation and ambient temperature data supplied by
 
EEA, an optimum tilt of the 
solar array has been determined. Using
 
FCHART-4R, the insolation
daily normal to a tilted surface was
 
calculated for tilt angles of 
15, 
20, 25, 30, 35, 40, 45 and 50 degrees
 
ove the year. Exibit 4-1 
is a graph of the insolation valves.
 

The system-specific condition affects
which the choice of tilt
 
angle for the 
array should maximize total insolation over the entire
 
year to achieve maximum output from the solar output.
 

A tradeoff exists with a fixed tilt array. A 
15 degree tilted
 
array 
results in the highest insolation during the period May through
 
August. 
 A 50 degree tilt maximizes the insolation in December but
 

significanty reduces the insolation during the summer.
 

One way of improving efficiency 
is by using a manually adjustable
 
array. This approaches maximizing 
performance from a non-tracking,
 
quasi-fixed solar array. A seasonally adjusted tilt can 
maximize
 
insolation in December and throughout the year. 
 By adjusting the tilt
 
in September and in March improvement over a fixed array in total 
yearly
 

insolation is obtained.
 

An adjustable structure
tilt could be used to maximize the
 
performance of the array and 
to provide EEA the opportunity to evaluate
 
different operating conditions. 
 The seasonal tilt adjustment would not
 
be practical for the 
 array at General Poultry since most 
U.S.
 
manufacturers of 
Flat Plate Collectors do not offer such 
an option for
 

large arrays.
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4.2 	Specific Solar Profiles
 

Insolation data were calculated based on 
Solar 	Radiation Data
 

Supplied by EEA.
 

SOLAR 	 RADIATION 
Btu/sq ft-day


2 5 0 0 ....................................................................­

2300~~~~~ ~ ----------	 DEC TILT~ 	 m015 

................ 0 20 DEC TILT 

A25 DEC TILT 
2200 	------


2100 	 - -- - DEC... 

310 DEG TILT
 

1340 DEG TILT
 

17 0 0 --- - --- - - ----------------------------­

1050 DEG TILT 

1500 1 1 1 1 -- r - - I, 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Exhibit 4-1
 

Insolation vs Array Tilt Angle
 

Cairo, Egypt
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4.3 Specific Tilt Angle Evaluation
 

At General Poultry there are two site-specific system conditions
 

which affect the choice of tiit angle. First, the tilt angle should
 

provide for the maximum obtainable insolation. Secondly, the array tilt
 

should also minimize dust collection on lto collector surface.
 

The theoretically best collector ti It angle for year-around solar
 

collection is approximately equal to the local latitude, in this case
 

300. EEA has conducted tests which prove that the loss of optical
 

efficiency due to dust build-up on the collector glazing is less at a
 

tilt angle of 15' than at 300. Quantative analysis shows that the
 

decrease in solar collection at 300 vs 45° tilt angle is approximately
 

equal to the increase in optical efficiency at 450 vs 300 tilt angle;
 

therefore the actual solar collection is relatively constant between
 
° 
tilt angles of 30 and 450
 

Water quantities and process temperatures are constant year around;
 

however, inlet water temperature varies with the time of year.
 

Therefore, a higher thermal load coincides with a lower inlet water
 

temperature during the winter.
 

Since larger tilt angles favor winter collection, use of a 450 tilt
 

angle can reduce the peak auxiliary fuel use.
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5.0 TECHNOLOGY REVIEW SUMMARY
 

General background technical information is being provided in the
 

Technology Reference Notebook on equipment components related to Solar
 

Thermal Industrial Process Heat Systems. The Technology Review for this
 

field test, a separate document, reviews the specific equipment
 

techn(iogies. A summary discussion of the components most critical to 

the design and op> :rion of the Solar Thermal Industrial Process Heat 

System is provided here. 

5.1 Design Objectives
 

For a potential solar thermal application, an extensive technology
 

data base of applicable project analysis methods and a listing of
 

current manufacturers with available equipment descriptions are
 

required. This information aid the engineering expertise to understand
 

the strengths and weaknesses of various designs, materials, components,
 

and system alternatives are the tools needed for an effective
 

understanding of solar technology.
 

In addition, specific solar configurations that may apply to the
 

identified field test projects are assessed with regard to
 

manufacturers/hardware performance characteristics, rellability,
 

flexibility, availability, and cost.
 

5.2 Application and Selection Considerations
 

In designing a solar energy system, the fundamental objective is to
 

provide an efficient, reliable system within the construction time frame
 

and estabished budget. In order to accomplish this objective, the most
 

economically favorable solar application should be selected. The system
 

design must be appropriate for the specific application.
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The 	intensity of solar radiation Is an obvious factor in the cost ­

and 	success - of the use of solar energy. Weather station insolation 

measurements provide historical data from which expected available
 

energy quantities may be estimated.
 

Ambient dry bulb temperature ranges for the Cairo, Egypt,
 

environment affect the performance of a solar system in several ways:
 

1. 	High ambient temperatures reduce the thermal losses assoclated
 

with collectors, piping, and storage during operation and
 

overnight, increasing system efficiency.
 

2. 	High ambient temperatures in winter permit the use of water as
 

tne heat transfer fluid without freeze protection.
 

Ambient wet bulb temperature ranges for the Cairo, Egypt,
 

environment are low. The resulting relative humidity is low, with a
 

design point estimate of 35%. Consequently, several items must be
 

considered when selecting equipment and materials:
 

1. 	Lubricants and packed bearing designs for rotating equipment
 

should be selected to prevent evaporation, or drying, of the
 

lubricant or packing, as well as preventing dust penetration.
 

2. 	Air collection systems must incorporate grounding techniques to
 

control static buildup on components composed of materials
 

having plastics or plasticized coatings, or any other material
 

conducive to a static charge buildup.
 

Atmospheric pollutants can, and do, affect the life and performance
 

of solar collection systems. Smoke and smog will reduce the solar
 

insolation intensity, thus reducing the energy level available from the
 

solar collection system to the process.
 

84208.02
 

R565/6.dt -25­

http:R565/6.dt
http:84208.02


Chlorides from seawater and salt-laden sands can corrode aluminum
 

material. Other corrosives from nearby process operations can
 

precipitate on collector surfaces and alter the intensity of solar
 

radiation received.
 

In the Egyptian environment, dust-laden winds and storms can result
 

in dust accumulation on the collector surfaces, in pump housings and
 

couplings, and in valve actuators. Coatings may be eroded and pumps may
 

tend to overheat.
 

A materials and environmental lest program is recommended to
 

establish the frequency of maintenance required to wash down the
 

collector surfaces to ensure optimum system performance. The wash down
 

cycle will, of course, have to occur at night. The labor and resource
 

(water) cost impact should be established.
 

5.3 Process Characteristics
 

General
 

The efficiency of a solar system decreases as operating temperature
 

increases. Larger solar collector arrays are required, with resulting
 

increased costs.
 

The objective is to adapt the industrial process to accept heat
 

from a solar system operating as close as possible to a required
 

process temperature.
 

Storing solar heat as hot water at temperatures less than 95°C
 

(203°F) seems to be cost-effective. The volume of thermal storage that
 

will be required to expand the fraction of process heat beyond that
 

supplied instantaneously (during sunshine hours) is determined from the
 

process operation schedule.
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Process control modifications must also be considered, but
 

flexibility must be maintained in order to allow full jfil!ization of
 

each alternate energy system (solar, boiler, etc.) when needed.
 

Industrial Orocess Hot Water System Configurations
 

For the most part, the form in which the energy is to be used
 

determines the nature and configuration of the components that will make
 

up an IPH solar system. Since industrial process energy requirements
 

are primarily met by hot air, hot water, and steam systems,
 

representative configurations of these three groups are presented in
 

this section. Each system description should be general enough to
 

permit the system designer to identify major components and their
 

functions easily. Simple schematics of the systems are provided to
 

facilitate this understanding.
 

Hot Water Systems
 

Solar systems to service industrial processes that require hot
 

water can be configured as shown in Exhibits 5-I (showing a direct hot
 

water system) and 5-2 (showing an indirect hot water system). In the
 

direct system, process water is the working fluid in the solar
 

collectors. The indirect system has two separate fluid loops and
 

usually employs an anti-freeze solution of a heat transfer oil in the
 

collector loop.
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To Process 
or Storage 

I Water 

) supply 

Pump 

Exhibit 5-1 

A Direct Solar Hot Water System 

To Process 

or Storage 

o ­ /,Expansion 
Tank Hea 

ExchangerWa 

An 

Pump Pump 

Exhibit 5-2 

Indirect Solar Hot Water System 

Water 

Supply 

e 
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When water is the heat transfer fluid, freeze protection is
 

accomplished by draining the water (either through a drain or back to
 

the solar tank) or, in mild climates, by circulating warm water
 

periodically during the night when the system temperature approaches
 

freezing.
 

-
Liquid collecto - are designed to use water in direct systems.
 

Liquid collectors are also used in indirect hot water systems.
 

Theoretically, air collectors could be used in conjunction with an
 

air-to-water heat exchanger, but the poor heat transfer and the
 

increased power needed to transport the air make this option a poor
 

choice. Liquid-based flat-plate collectors, evacuated-tube collectors,
 

and parabolic troughs are all more appropriate.
 

A check valve is needed in the collection loop for indirect and
 

drain-back direct systems to prevent thermosiphoning (reverse flow
 

caused by natural convection within the fluid) when the pump is not
 

operating. An expansion tank must also be attached to the working fluid
 

to allow fluid expansion as it is heated. Isolation valves, drains, and
 

filters must be installed as in other piping systems.
 

5.4 Component Identification
 

Solar Collectors
 

Basically, solar collectors are heat exchangers that transfer the
 

radiant energy of incident solar radiation to the sensible heat of a
 

working fluid--liquid or air. Many different types of solar collectors
 

can supply energy to IPH systems. In this section, several of these
 

types of collectors are described.
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A number of different kinds of solar collectors have been proposed
 

for solar industrial process heat systems, partly because of the wide
 

range of process temperatures found in industry. However, the major
 

types of collectors used thus far in industrial heat field tests are
 

flat plates, evacuated tubes, and parabolic troughs. These three kinds
 

of collectors, and potential or suggested improvements, are described in
 

the following paragraphs.
 

Flat plates are the most commonly used solar collectors. They can
 

supply hot air or hot water at temperatures up to about 90*C (200*F),
 

although operating temperatures above about 70°C (160°F) diminish the
 

relative efficiency of the system. The advantages of these collectors
 

include the lack of moving parts, durability, and capability of
 

collecting both direct and diffuse radiation.
 

One way to reduce heat losses is with a vacuum between the glazing
 

and the absorber surface. However, because a vacuum would cause a
 

typical flat-plate collector to collapse, this technique is used in
 

conjunction with a tubular design. Vacuums on the order of 10- 4 torr 

eliminate both convection and conduction losses. Because evacuated-tube
 

col lectors lose less heat to the environment than flat-plate col lectors, 

they can operate at higher temperatures--up to about 175*C (350°F).
 

Like flat plates, they can collect both direct and diffuse solar
 

radiation and do not require tracking. However, because evacuated tubes
 

can operate at lower insolation levels than flat plates, they can
 

collect more energy on cloudy days. And because of the vacuum, the
 

evacuated tube design is much less susceptible to wind-induced losses
 

Than other types of collectors. Another advantage is that the selected
 

surface is contained in a vacuum, which ensures greater stability and a
 

longer life for the coating.
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Parabolic troughs are the best-developed line-focus concentrating
 

collectors and have been used in several IPH field tests. Parabolic
 

troughs can operate at temperatures up to 300°C (570 0 F), as the result
 

of optical concentration effected by the parabolic-shaped concentrator.
 

Optical concentration reduces the absorber surface area relative to the
 

collector aperture area and thereby significantly reduces thermal
 

losses. However, this optical concentration requires the collector to
 

rotate to follow the apparent motion of the sun. And because only
 

direct solar radiation is concentrated by the rarabolic concentrator,
 

the diffuse component is lost. That loss can he made up by a tracking
 

collector, as it intercepts extra direct solar radiation. One
 

noteworthy advantage of parabolic trough collectors is the low pressure
 

drop associated with these systems as fluid rasses through a single,
 

straight absorber tube. Also, overnight thermal losses are minimal
 

because of the small amount of fluid in the parabolic trough's receiver.
 

Storage
 

In conventional IPH applications, fuel consumption (oil, gas,
 

electricity) is adjusted to match the load. The supply of solar energy,
 

however, cannot be regulated. To reduce the mismatch between solar
 

supply and process demand, storage systems are often deemed appropriate.
 

Four possible configurations for hot water storage are shown in
 

Exhibits 5-3, 5-4, 5-5, and 5-6. These exhibits illustrate direct
 

systems that incorporate process water passing through the collector
 

array. (Freeze protection occurs by means of drain-back or
 

recirculation). In any of them, however, a heat exchanger could be
 

placed between the collectors and the storage tank, creating a separate
 

collector loop containing a nonfreezing fluid.
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Pumps 

Temperatures, pressures, and the kind of heat transfer fluid used
 

in an IPH system, as well as pump materials, drivers, couplings, and
 

seals, all affect the choice of an approprihte pump. Although using
 

relatively small pipes throughout the solar field may minimize piping
 

costs, this could result in high head losses which could, in turn,
 

necessitate a bigger, more expensive pump. Thus both capital and
 

operating pump costs should be an integral part of the piping design
 

process.
 

Piping
 

Three basic types of collector field layouts are employed in solar
 

IPH syst.ms. These layouts--direct return, reverse return, and center
 

feed--are shown schematically in Exhibit 5-6. In each case, the hot
 

outlet piping is shorter than the supply piping, to minimize thermal
 

losses. There are advantages and disadvantages to each of these
 

configurations.
 

The direct-return piping configuration is the simplest, and
 

probably most exensively used of the three. Its main disadvantage is
 

that there is a much greater pressure differential across the collector
 

row nearest the field inlet than across the last colector row, so that
 

balancing valves must be used to maintain equal flows through each row.
 

These valves are responsible for most of the pressure drop in the
 

beginning of the array; thus, their contributon to the total head loss
 

in the system is significant. The reverse-return configuration has an
 

inherently hetter balanced flow; balancing valves may still be required,
 

but they add much less head loss to the system than they would in a
 

direct-return configuration. The extra length of supply piping is a
 

disadvantage in the reverse-return array because of additional heat
 
loss, although this depends greatly on the supply field temperature.
 

Adding length to the pipes also results in higher piping, insulation,
 

and fluid inventory costs.
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The center-feed configuration is gaining favor with some IPH system
 

designers. As with the direct-return design, balancing valves contribute
 

a significant portion of the head loss; but the design minimizes the
 

amount of piping needed by eliminating a pipe that runs the length of
 

the collector row. Also, direct access to each collector row is
 

possible.
 

Along with the array configuration, the optimum array flow rate and
 

the number of collectors to be connected in series and In parallel must
 

also be determined. Determining the optimum collector flow rate
 

involves a trade-off beteen collector and heat exchanger performance
 

and parasitic energy requirements.
 

Insulation and Heat Losses
 

Collecting thermal energy with a solar system involves considerable
 

expense; therefore, as much of that energy as possible should be
 

retained by insulating the system piping. Optimum insulation is
 

achieved with an appropriate insulating material aT a thickness that
 

provides the lowest total costs in materials, installation, maintenance,
 

and lost energy.
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Exhibit 5-3 

Four Pipe Storage Configuration 
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Two Pipe Storage Configuration 
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-~Load Supply 
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Load Return 

Exhibit 5-5
 

Multiple Tank Storage Configuration for Achieving Stratification
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Tank -Load Supply 

'----Load Return 
I I 
I _ Variable Volume 

Cold Tank 
(Not Needed for 

Exhibit 5-6 Open Load Loops) 

Variable Volume Storage Configuration
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"i Collectors 

a. Direct Return 

b. Reverse Return 

c. Center Feed 

Exhibit 5-7
 

Sollar Collector Field Layouts
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Heat Exchangers
 

Often, process fluid should not pass directly through the collector
 

field; thus, many solar applications require heat exchangers. A
 
closed-loop solar system allows the use of nonfreezing collector fluids
 

that are less corrosive and less prone 
to scai ing than the process
 

fluid. Possible contamination of the process fluid is another factor to
 

take into account in selecting a closed-loop system. However,
 

incorporating a heat exchanger in a solar system 
introduces cost
 

penalties associated with that exchanger and with auxiliary piping; 
the
 
performance 
of the solar system is reduced by virtue of the increased
 

operating temperature of the collector system working fluid. 
 Another
 
penalty 
is the result of the greater pumping power needed because of the
 

increase in system pressure drop and the need for an additional pump.
 
Thus, the objective in designing an exchanger for a solar IPH
 

application is to size the exchanger so that performance and pumping
 

power penalties and heat exchanger costs are minimized.
 

Control Definition
 

Controls and Logic play an important role in solar IPH systems.
 

Control fundamentals address such items as controllers, control loops,
 
measurement dynamics, noise, and control 
valve characteristics. The
 

special control problems of solar energy systems begin with normal
 

operating modes, and include start-up/shutdown, freezing/stagnation,
 

emergency conditions, operator training, and checkout.
 

The controller part the control loop
is the of that implements
 

corrective action as the process variable deviates 
from a desired set
 
point. The control modes that characterize the corrective action
 

include on-off, proportional, Integral (reset), and (rate).
derivative 

There are no adjustmerts to "on-off" control systems (unless a deadband
 

is Included), 
and the controller output changes full-scale as the
 

84208.02
 
R565/6.dt -37­

http:R565/6.dt
http:84208.02


process variable crosses the set point. The corrective action
 

implemented with proportional control is normally a linear function of
 

the error signal.
 

Integral cnotrol (reset) is usually combined with proportional
 

control. It forces the controller output to change in accordance with
 

the time integral function of the error signal and can reduce
 

steady-state error. It also repeats initial proportional output
 

response as long as the error signal persists.
 

Derivative control is combined with proportional control to change
 

the controller output in accordance with the rate of change of error
 

signal. This action ceases when the error signal stops changing.
 

Common Control Loops
 

The common types of control loops are flow, pressure, and
 

temperature. Some rule of thumb are as follows:
 

Flow Loops: Proportional plus reset controllers are used almost
 

exclusively. The process typically is very fast and noisy, and the flow
 

measurement is usually nonlinear (square).
 

Pressure Loops: For a liquid, the process is fast and noisy with most
 

of the lags in the control system, and the measurement is nonlinear
 

(square). For a gas, the process is simple: linear with no dead time
 

and no noise. For vapor pressure control, equal percentage valves and
 

proportional-reset-derivative controllers are employed. This process Is
 

slow compared with other pressure processes.
 

Level Loops: High-gain or proportional-plus-reset controllers are used
 

for precise control; low gain proportional-plus-reset controllers for
 

averaging control. Valve characteristics are important.
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Temperature Loops: Temperature control 
loops can vary greatly I.
 
complexity. Almost all the temperature control problems in solar
 

applications are heat transfer problems characterized by long time
 

constants and slow reaction rates. Distance-velocity lag (also known as
 

dead time) is common. The measurement lag can pose a serious problem,
 

especially if the thermal system is protected with a well.
 

Nonlinearities also cause complications in the temperature loops.
 

Heat transfer proceses have parameters that vary with flow, so that time
 

constants and distance-velocity lag vary with load or operating point.
 

Imperfect mixing is a good example of hidden dead time.
 

Control IIng temperature by mixing hot and cold stream is more of a
 

blending problem that a heat 
exchange problem. Good mixing and fast
 

temperature measurement are the keys to simplifying the control job.
 

Proportional-plus-reset controllers should be 
used.
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6.0 PRELIMINARY CONCEPTUAL DESIGN
 

6.1 Design Approach
 

The system configuration is developed on the loads identified, the
 

equipment technology under consideration, and the design purpose (i.e.,
 

development, demonstration, training, lowest cost option). An iterative
 

process is conducted to determine a preferred design; specifically for
 

this field test, a mix between solar thermal, flash steam, and a
 

condensate return system.
 

The solar thermal conceptual design is based on an average hourly
 

load equal to the scalder's total daily energy demand. In this case,
 

the design is based on an eight hour operation to maximize capacity.
 

This results in a constant hourly load, which may not be the case in
 

actual practice. A cyclic load, as typified by filling the scalders
 

each morning and then increasing the water temperature, would require a
 

larger capacity hot water storage system, but would not affect array
 

sizing because array sizing is performed on an energy per day basis.
 

When flash steam quantities cannot maintain the scalder temperature,
 

steam from the boilers can be used. Conversely, when the scalder
 

make-up water requirement decreases, the accumulation rate of
 

solar-heated water will increase in the storage tank.
 

6.2 Operating Concept
 

The operating concept behind the solar thermal, flash tank and
 

condensate return systems is to operate each energy system at its
 

hIghest efficiency while producing the lowest levelized energy cost.
 

This means minimizing the solar array and storage capacity and
 

optimizing the flash steam, while maximizing the operation of the
 

condensate return system. This operating direction should reduce annual
 

fuel consumption and minimize maintenance cost.
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Exhibit 6-1 is a block diagram of the operation of a solar thermal,
 

flash tank, and condensate return system in conjunction with the poultry
 

process. In general, the solar thermal system fills the scalders each
 

morning and maintains the scalder's daily operating level. The stream
 

from the flash tank maintains the scalder water temperature and
 

pre-heats the bo Iler feed water. The condensate return system recycles
 

the low pressure condensate from the flash tank and scalder to the
 

boiler feed water tank.
 

6.3 Performance Modeling
 

A computerized simulation model has been developed to acomplIsh a
 

dynamic heat balance of the process total energy requirements in order
 

to establish a design basis for waste energy recovery and solar array
 

utilization schemes.
 

Process material flow, temperature changes, and enthalpy changes
 

during the production cycle are determined from field data and
 

information supplied by EEAPMT and General Poultry personnel.
 

Total energy flows are then determined at the various stations of
 

interest in order to establish base operating conditions In the heating
 

media stream.
 

Fuel consumption values may then be deterined by summation of each
 

station requiring additional heat for maintaining the desired production
 

station temperature.
 

The net fuel savings can then be determined by comparing the
 

calculated fuel consumption for the base model (existing conditions) to
 

the expected fuel consumption of the proposed configuration.
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Simulation model results in a relative context only
are valid 
 such
 

as comparison of existing versus proposed configurations. It is not
 

appropriate to expect the calculated fuel consumption values 
to compare
 

with actual plant consumption values because of changes In actual
 

production rates and procedures.
 

Components and Related 
Energy Supply Streams are detailed in
 

Appendix -C-.
 

Energy consumed by the scalder and rendering cookers are dQi.O = 

1,690,258 tu/hr and dQ7.0 = 10,733,777 Btu/hr, respectively. The
 
estimated fuel consumption for the boilers is 21,575,134 Btu/hr or 9,687
 

BBL/yr.
 

Performance Assumptions
 

1. 	Array reference performance data for flat plate collector
 

systems are provided in Appendix -D-.
 

2. 	Tilt angle 45%.
 

3. 	Boiler stack losses are 25%.
 

4. 	The energy content of fuel oil is 140,000 btu/gallon and 42
 

gals/barrel.
 

5. 	Condensate returned to the boiler feed tank is 100% and 212F.
 

6. 	Excess steam from the flash tank can be used to preheat boiler
 

feedwater while the rendering cookers are operating.
 

7. 	The annual energy production values are calculated based on
 

average monthly array efficiency and insolati, n.
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6.4 System Sizing and Configuration
 

Solar Array Sizing Approach
 

The most significant design question of a Solar Thermal Industrial
 

Process Heat System is the sizing of the solar array and
 

storage/distribution system. The solar array and storage/distribution
 

system size is a function of the relative cost of the solar array,
 

storage/distribution system, and the oil-fired steam boilers. To define
 

this relation, three different. array sizing options are considered as
 

shown in Exhibit 6-2.
 

The first array sizing option is Curve I in Exhibit 6-2 labeled
 

"Fuel Displacement". In this sizing, solar energy serves only 
to
 

displace fuel oil when the s,.i shines. No storage is used because, on
 

the average, no excess energy is produced. The maximum size for a solar
 

array in this instance is when peak array output at midday equals
 

average energy demand at that period. If the cost of solar-produced
 

energy equals the cost of fuel, this "solar only" sizing is justified as
 

a fuel displacement design.
 

The second solar array sizing option Is shown as Curve 2 and is
 

labeled "Partial Load Supply". The solar array produces excess energy
 
during the day which is stored in a hot water storage system and
 

returned to the load during periods when the solar array output is less
 
than the load. Solar energy costs, in this case, must be less than fuel
 

oil cost.
 

In the third sizing level, the solar/hot water storage system is
 

sized to supply the total daily load during the year and is shown as
 

Curve 3 labeled "Total Daily Load Supply". As in all cases, the
 

combined cost of the solar array and hot water storage must be equal 
to
 
or less than fuel oil. Because of the relatively large hot water
 
storage cost, solar energy costs must be significantly less than fuel
 

oil.
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Sizing of the solar array to supply the total energy demand can 

greatly affect financial performance of the system. If the sizing is 

December insolation (for assuring reliable energy
performed based on 


solar

supply during months with low insolation), significant amounts of 


excess production.
energy will be "dumped" during the summer because of 


of wasted energy is a function of the change in insolation
The amount 


from winter to summer and any seasonal load fluctuations. Designing for
 

the average daily insolation over the year results in a smaller surplus
 

but an energy def~cit in the winter. Energy deficits
in the summer 


the hot water storage
would be supplied by existing boilers because 


capacity required to carry summer surplus to winter deficits would be
 

unrealistic.
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CURVE 1: CURVE 31
 

FUEL DISPLACEMENT TOTAL DAILY LOAD SUPPLY
 
-SOLAR ARRAYNO STORAGE MINIMAL HOT WATER STORAGE
 

$? E
-NO EXESS CAPACITY $SOLAR ARRAY + SHOT WATER STORAGE = 
-SOLAR THERMAL - 25 - 30% OF LOAD $SOLAR ARRAY << SFUEL 

$SOLAR ARRAY/$STORAGE 25 - 70% %F LOADCURVE 2: 
TOTAL DAILY LOAD SUPPLY 
MINIMAL HOT WATER STORAGE 
$SOLAR ARRAY - SHOT WATER $FUEL 
$SOLAR ARRAY << $FUEL
 
$SOLAR ARRAY/STORAGE ~ 70% OF LOAD
 

5.0 

4.5­

4.0­

3.5 

3.0 

2.52 

4­

• 2.0 
AVE RAGE 

DEMAND1.5l 

1.0 

SCALDER DEMAND SCALDER DEMAND 

7 A.M. 8 9 10 II 12 NOON I 2 3 4 5 6 P.M. 

Exhibit 6-2
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The principal conclusion regarding sizing options for the solar
 

array is that if solar energy costs (without storage) are less than
 

total energy costs, then some hot water storage is justified, and the
 

solar array/hot water storage system can be sized to provide an optimum
 

percentage of the total yearly energy demand. The optimmum percentage
 

is a function driven by the economics of the system components,
 

primarily the solar array, hot water storage, boiler costs, and fuel
 

costs
 

The discussion points out that solar array optimization and hot
 

water sizing in hybrid energy system design constitute a complex task
 

and are as much a function of economics as technical issues. More
 

importantly, projected costs for solar arrays, hot water storage, and
 

fuel oil energy are extremely important for this field test to aid in
 

evaluating the viability of energy supply from solar array/hot water
 

storage systems compared to conventional fuel oil-fired boiler systems.
 

Solar array, hot water storage, and related component sizings for
 

this field test are based on supplying an optimum percent of the daily
 

energy demand. This sizing provides for significant technical and
 

financial operating experience with all major components of the solar
 

array/hot water stcrage systems, and as such will form the design basis 

for optimizing solar array, hot water storage, and fuel oil boiler 

sizing on future applications. 

Solar Array Sizing
 

The required size of a solar array to produce the average Btu/day
 

can be estimated using the average daily insolation, average array
 

operating efficiency over the year, the array reference efficiency, and
 

losses associated with hot water storage. FCHART-4R shows the
 

relationship among these factors to calculate an approximate solar size.
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In the FCHART-4R calculation, energy 
losses from hot water storage
 
and piping is determined 
 and the solar array size increased to
 

compensate for the losses.
 

Insolation and array
solar operating effIciency values are also
 

determined. Insolation 
and ambient temperature data were used and the
 
array tilt angle set. Appendix 
-E- contains the results for FCHART-4R.
 

Lastly, 
solar array sizing may vary depending on the methods used
 
to calculate the required solar 
array size and specific solar array
 
configuration requirements to achieve an 
efficient operating system. A
 
solar array size range of 3000 
to 6000 square feet is considered
 
reasonable. The technical and 
financial analysis portion of 
this
 
Application Review is performed using a 4000 square foot array.
 

Hot Water Storaqe Sizinq
 

The purpose of hot water storage 
in this project Is to minimize the
 
hours of boiler operation. 
 In doing so, the hot weter storage will also
 
reduce the hours of 
low capacity (low efficiency) boiler operation which
 

would otherwise be required. 
 This is accomplished by storing solar
 
array energy in excess of that required by the load(s) at a given point
 

in time and returning it to supplement the boilers at required periods.
 
The hot water storage will also serve as 
a demand "buffer" to reduce the
 
problems associated with maximum boiler loading during 
early morning
 

hours.
 

At the same time, it is desirable to minimize the amount of hot
 
water storage because of the additional cost and inefficiency associated
 
with hot water storage. The amount 
of hot water storage is determined
 

on the basis of 
the minimum amount of energy required stored and the
 
maximum boiler demand 
to be experienced.
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Considering the hot water storage to be sized to store excess
 

energy produced during the day, the sizing would be based on the month
 

with the most excess energy. Results from EEA insolation data, provided
 

in Appendix -D-, show that the month with the most excess solar array
 

energy is June.
 

FCHART-4R estimated that 1,508 x 106 Btij/yr (0.57 x 106 Btu/hr) can
 

be supplied to the scalder, i.e. 33.8% of the scalders energy 

consumption. Exhibit 6-3 plots Btu and storage tank temperature vs. 

months per year. 

Flash Tank System
 

The flash tank system is a "waste energy recovery system". The 

sizing is based on the maximum quantity of waste energy available from 
the energy sourcce. The flash tank energy source is the high pressure
 

steam condensate from the rendering cookers. The rendering cookers' 

daily operating cycle begins 2 to 3 hours after scalder operation 

commences, but operates 5 to 6 hours longer. 

Waste energy from the rendering cookers is 3,922 x 103 BTUH(8).
 

The flash tank system should recovery 8% to 12% of the waste energy as
 

low pressure steam. The low pressure steam would be used to maintain
 

scalder and boiler feed water temperatures.
 

The Steam Condensate Return System
 

The steam condensate return system is a "waste enegy recovery
 

system". The sizing is based on the maximum quantity of energy
waste 


available from the energy source. The condensate return system's
 

sources are the flash tank and scalder's condensate. The system's peak
 

demand will be during the rendering cooker temperature increase. During
 

this period, the condensate from the rendering cookers and scalder will
 

be returned to the boiler feedwater tank. The higher temperature boiler
 

feed water will increase the boiler's overall efficiency.
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Miscellaneous Equipment
 

Sizing for water pumps and motors, water treatment, and other small
 

here because they are minimmal. As explained

loads are not considered 


the sizing and complexity of all equipment must be

earlier, however, 


energy system analysis is performed to
 
determined immediately after an 


identify any aspects of high maintenance cost, which may detract from
 

the solar array's performance evaluation during this field test.
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Btu/month FxlOft DEG. 
150 -------------------------------------------------------------------- 125 MONTHS a 0 

Jan 145 102 
140 ..............................120 Feb 134 101 

Mar 144 102 
u.J Apr 129 105L.­

0130 --------------------- --------------------------------- 115 < May 119 109E 
r -2 a. j Jun 104wU 114Lo 10 ............ I 0 Jul 106 119 

120 -------------------------------------- ------------- ---- 110 Aul 104 129- . Aug 114 123 

Sep 121 124 
110 ---------------------- --------------------------- 105 Oct 128 119 

Nov 128 112 

100 100 Dec 137 105 

Jon Feb Mcr- Apr May Jun Jul Aug Sep Oct Nov Dec 

EXHIBIT 6-3 
BTU, STORAGE TANK TEMPERATURE VS MONTHS/YEAR
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7.0 ADDITIONAL CONSIDERATIONS
 

7.1 Structural Analysis
 

The Poultry Facility is a single story concrete rigid frame
 

structure. The roof slab between deep roof girders. The roof girders
 

extend approximately 3'-0" above the roof.
 

The solar collectors will be roof-mounted on a steel frame over the
 

process area. The frame will span between the existing roof beams, as
 

shown on sheets no. SKI and SK2. The support framing will be anchored
 

to the concrete roof beams at each bearing point. Slippage will be
 

provided in the steel framing at existing expansion joints. An access
 

platform will be provided between each row of collectors.
 

The design loads are as follows:
 

A. 	 Solar Collectors = 3 psf
 

Framing Dead Load = 4 psf
 

Total = 7 psf
 

B. 	 Wind Loads V = 85 mph
 

q = 0.0256 V2 cg 	 V = Wind Velocity
 

q = 00256 (85)2 (1.0) q = Wind Pressure
 

q = 18.5 psf 	 ch = Height coefficient
 
2/ 7
 

ch = (h/30)


ch = 1.0 below h = 30a
 

Wind load is based on Navy Design Manual for adjacent
 

countries. Information was not available for Egypt.
 

Confirmation of wind load for final design of solar units and
 

support structure must be made.
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C. The access platform will be designed for 50 psf live load.
 

The weight of solar panels In 3 psf. The load from the
 

support structure is approximately 4 psf. The total load of
 

7 psf from this equipment is negligible. Therefore,
 

reinforcing of the existing structure will not be required.
 

The solar tank and heat exchangers will be located on the ground
 

near the No. 2 boiler house.
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SOLAR COLLECTOR SUPPORT BEAMS
 

i/l
 

-C6 r f s ]OD Oo]D no. dwg. r'a 

EXHIBIT 7-1
TYPICAL SOLAR SUPPORT U.S. AID 

FRAMING GENERAL POULTRY date 

-54­



ACCESS PLATFORM
 

181-01 18'_O , 

SECTION 
SCALE' - I'-0' 

W8
 

PLAN 
SCALE:'I/a I'-0' 

EXHIBIT 7-2 JIr.no 

TYPICAL SOLAR SUPPORT U.S. AID 
FRAMING GENERAL POULTRY dote 
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8.0 CONCLUSIONS AND RECOMMENDATIONS
 

The following conclusions and recommendations are provided based on
 
the Technology Review anq Application Review.
 

8.1 Conclusions
 

1. 
The design, operation, maintenance, and repair experience with
 
Solar Thermal Systems that will 
be obtained through this field
 
test will 
form a strong technical base for the design and
 
application of other similar renewable energy applications.
 

2. Data from this field test can be shared with the public and 
private sectors through the REIS System (Rsearch Energy 

Information System). 

3. 	The General Poultry facility is an acceptable application for
 

demonstrating the 
use of Solar Thermal Industrial Process Heat
 
because there is an existing and growing demand 
for processed
 

poultry.
 

4. 	 General 
Poultry employs engineers and technicians that can be
 

trained to operate and maintain this solar system.
 

5. 	The solar resource is exceptional and the processing 
plant
 
provides a balance between 
Solar Thermal, Flash Steam, and 
a
 

Condensate Return System.
 

6. 	The sizing of 
the systems is based on average' hourly demands
 

due to demand fluctuations during the day.
 

7. 	A modular design using 
proven, reliable, and commercially
 

available systems is considered to minimize initial cost and 
so
 
that future additional capacity can be added.
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8. The most economically feasible and most reliable choice, on a 

long term basis, is a flat plate collector array with 

corresponding storage tank and delivery system. 

8.2 Recommendations
 

A 4000 square foot solar array with storage tank, steam flash tank,
 

and condensate return system Is recommended to be field tested at
 

General Poultry.
 

The 4000 square foot solar array with hot water storage and
 

distribution system will provide EEA and the General Poultry Company
 

with an exceptional solar resource for monitoring and evaluation.
 

The flash tank and condensate return system will be available for
 

waste heat evaluation.
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Appendix -A-


Preliminary Cost Estimate
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Preliminary Cost Estimates
 

Three (3) systems are considered appropriate for cost analysis. Cost
 

estimates are preliminary for use in the Application Review portion of
 

this *:-oject.
 

A. Steam Flash Tank.
 

B. Condensate Return System.
 

C. Solar Thermal Collection System.
 

Current $US (mid-1985) are applied, then escalated to mid-1986, the
 
expected construction period, at 10 percent.
 

For cost assessment purposes, all material and supervision will be
 
considered imported to Egypt. Labor costs will reflect some Egyptian
 
rate influence, although certain installation procedures will require
 
experenced labor not currently available in Egypt.
 

The average annual wage for the Egyptian construction industry in 1985
 
is 7800 LE, or $5,778 (US). ($1.35 LE per US $)
 

An average labor rate in the United States for construction services 
applicable to this project is estimated by the R. S. Means Company to be 
$21.77 per hour in 1985 (crew Q4). An estimated thirty percent imported 
labor, with seventy percent Egyptian labor, can be used for establishing 
a mixed labor rate average of $9.36 per hourI (US). A labor cost 
modifier for wages becomes $9.36/$21.77, or 0.43.
 

Equipment and system cost estimates and percentages are established by

using R. S. Means Company Cost Data, 1985, and equipment suppliers'
 
budget pricing estimates.
 

The solar cost data are determined in fixed-and variable-cost increments
 
as required by the FCHART-4R program input format. A solar collection
 
array size of 4,000 square feet (272 m2 ) is estimated for use in
 
determining the variable cost factor.
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GENERAL POULTRY MWJPAC0 1 

CONSTRUCTION COST ESTIMATE 
A. STEAM FLASH TANK SYSTEM 

DESCR IPF" 1ON 

TOTAL EQU IF'MENT (M I D-ttV85) 

ESCAL.AT ION FACOF1' 


O-rTAL EQU IFMEN ( M I D- 1986 ) 

F'IF'ING COST (A-(40% EDLUIF' COST) 

INSULATION COST @ (25% PIF'ING COST) 

TOTAL MATERIAL. COST 

LIABOR COST (71.5% MAFERIAL COST) 
MOD IF I E-R. LABO-ER IX 

MODIFIED LABOR COST 


MATERIAL + LABOR 

CONTRACTOR OVERHEAD AND PROFIT @ 45% 


TOTAL SYSTEM CONSTRUCTION COST 


0. CO)ENSATE RE.URN SYSTEM 

DESCR IFT I ON 
TOTAL EQUIF'MENT(MID-1I'905) 
ESCALAr I ON FACIDF 
TOTAL EQUIFMENT (MID- I9'6) 
PIPING COST e (40% UDLJIF' COST) 
INSU[.ATION CO]ST @- (25% P'II:'ING COST) 
TOTAL. MAE[:R.[IA'L COSI" 

LIABOR COST (71.5% MATERIAL COST) 
MOD IF IEER LA(',OR MIX 
MO[DIFIED LADOR COST 

MATEIAF 0,L AEOUR'L ... 
CONTRACTOR OYERHEAD AND PROFIT @ 45% 

TOTAL SYSTEM CONSTRUCTION COST 

S:UBTOTIAL TOTAL. 

$r/, ,500 
1. 1 

$8,250 
0.40 $3,3;.0 
0.25 $825 

$12,375 

$,848 
C). 4" 

$s3,805 

$16,180 
$7,281 

$23,461 

SUBTOTAL TOTAL 
$21,500 

1. 1 
$23,650 
$9,460 
$2,Z65 

$35,'475 

$25,365 
0.43 

$10,907 

$46,382 
$:20,872 

$67,254 

A-3
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GE::NERAL POULTRY MWIPA[C,01 

C. SOLAR THERMAL COLLECTION SYSTEM 
VARIABLE COST (11D.I906) 

DESCR I F T I -Il 
SLI IAR rOL..ECTORS @ tLO.O:/IFT2
C~it ..ECITORI AR(EA 4000¢ FT2 

COLLECTiOR CO' 
SOLAR C 1RCAI G1NO FlUhiF' 
SOLAR DI 31-R [ 1-J TION Fl'IMP3 
, TRUCTU R'LIlbrI_ STE EL. 
SOLAR .:CONT ROLS 
I ,1 I FN.SIMMIET AI F SYSTEM/F I P I N$ 
LOW VILTAGE CABILE 
E:XCAtVAT1 NAID FOUNI)ATI
[E1.Ec rlim 

SUETOTAL 
$I(:)

4000'€' 

$:40,000() 
$1 ,750 
4 I , 250 

$15,0'c)0(::) 
$3 000 

:75o 
$1,500 
$2bJs., 00.0iO 

$2lt500 

TOTAL 

TOTAL. E PMIJI F$ML:NT (III11D... 1 ' 
ESCALAT ION Fnic r(r 
-TTAL. [!I [F:'MI\IT (l ID-9tI6) 
F' IF' [ OSC'J]3T @ (4i% COLLECTOR COST) 
INS LA-I- 1 .N CUST (. (25% F IING COST) 
TOTAL ',"r I- [L COST 

$65,75'0 
1. 1 

0. 40 
0 25 

$92,325 

$72,325 
$16 , 000 
S4,000 

IABRIR COST (71.5% MA'ITERIAL 
M.DI) FT ERA IE:OR MIX 

uD F I ED LABOIR COST 

MAFI:RIAK. F L.ABO3R 

COST) $66,012 
0. 43 

$1 20,710 

$26,385 

FiRI'T,1-1T DUTY,TAXE5 TO EGYPT @10% 0. 10 $12,071 

'.7WI FOTAL 
CONTRACTO:rFR OVERIEAD AND PROFIT @ 45% 

$1 .'32,701 
0.45 $59,752 

SIJBTOTAI 
CDI'NrINMENCY @ 15% 

$192,533 
0. 15 $26,880 

TOTAL VARIABLE COST 
COST PER FT2 $515 

$221,413 
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GENERAL POULTRY MWJPACC):L
 

FIXED COST (MID 1996)
 

DE.SCR IFf rfII SUBEIT OTAl )'TA..
CONTRACTOFR 'S RENTAL SIJF'FLIES $4 000 
COITRACTOR' S FAC TL.TT I F3 ()0(0

CONT]M RAC'TO]R' S IJ1"l 
I..Ir [['. $1.00o
 

(7F[II'4TRA [(FCW"1k I-frEIk,[AL HANIDLING $1. 507.)

CONTRAC; TR 'S 'L[-AN..I' $'. 0(0)
 

D I I0I.M.ING AND I
MOVING 2I00G
 
BOX 
i AND CRF r[1N ,.0 ) 
U.S. TF(RHF FT"IF T ON ;5,0c)
 
sm .-To rAl.. 
 $. ,500 $23.500
 

Cn-NTRAI:TOR"S OVERHFAD AND PROFIT @ 45% 0. 45 $10,575
 

SIJ.-TOTAL.. $34,075
 
COlT I NIGENCY @ 15% 0.15 $5,111. 

TOTAL FIXED COST 
 $39,186 

LO COST BASED ON CIJRRENT FIELD TEST PROJECT
 

TOTAL VARIABILE COST 
 S221,413 
TOTAL F-I XED COST $39,18,6 

OTAL SYSTEM c( NSTRIJEST ION COST $260, 599 

ErA COST DATA BASED ON FUTURE F'ROJECT 
US I NG IN-C]IJNTRIY CONTRACTOR AND EOIJ IFMENr 

VARIABIE COST @ E20.62/FT2 $2B.62
 
COLLECTOR SIZE (FT2) 4000
 

IOTAL VARIABLE COST 
 $114,460
 
EEA FIXED COST 
 $26,757
 

"OTAL SYSTEM CONSTRICTION COST $1-:14,237 

CONSTRUCTION COST SUMMARY
 

A. STEAM FL..AS1 TANK SYSTEM $23,461
 
a. CONDENSATE RETURN SYSTEM 
 $67,254
 
C. SOLAR rHIE,'MAL COIIECT ION SYSTEM $260 , 599 

TOTAL CONISr:TRUCTICON COST A , &. C &, $351,313
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APPENDIX B
 

MEMOS AND CORRESPONDENCE
 

A.] GENERAL ORGANIZATION FOR POULTRY (Letter to Dr. Anhar Hegazi from 

Dr. Hamed). 

A.2 Review comments from Anhar Hegazy dated August 16, 1985. 

84208.02
 

R565/6.dt B-i
 

http:R565/6.dt
http:84208.02


A.1 GENERAL ORGANIZATION FOR POULTRY
 

A Report
 

Concerning Solar Water Heating at the
 

Automatic Slaughter House at Heliopolis
 

Requirements of Hot Water
 

I - Feather pull off (scalding) basin of 6000 chickens/hour to produce 

50,000 chickens/day which will be operated at the beginning of 1984. 

Another basin will be established at the beginning of 1985 together with 

doubling production to reach 100,000 chicken/day. 

A water meter is instal led to measure the quantity of water passing in
 

the main line and feeding the feather detachment basin at Khanga
 

Slaughter House on 6, 8, 1983. To measure quantities of water needed
 

for filling the basin and compensating water the enclosed results have
 

been registered in the period from 8/7/1983 to 9/3/1983
 

Heliopolis
 

Basin Dimensions: Length Width Depth
 

6.6m 3.35m 0.85m
 

2
 
Side wall surface area (5.42 x 0.915)m
 

Khanga Basin dimensions: Length Width Depth
 

5m 3.85 1.05
 

13m 3
 Quantity of water needed to fill the Basin: 
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Quantity of Compensating water 13m 3
 

Ratio of water consumed for each chicken: 3
108-273 cm
 

The time that each chicken spent in the Basin: 1.5 min
 

Number of chickens inside the Basin: 207
 

Side walls are made of stainless steel
 

Temperature of a chicken before entering the basin: 360C
 

Temperature of water in the basin: 5000
 

The nature of a chicken after entering the basin: 46°C
 

A sample of chickens of different weights have been weighed before and
 

after immersing in the basin to define the quantity of water lost with
 

each chicken.
 

The weights on 8/15/1983 were as the following:
 

Before immersing After immersing Difference In Lost Water
 

Weight (gm)
 

900 1.060 160
 

Number of chickens slaughtered: 35932
 

920 1,090 170
 

990 1.160 210
 

1,100 1.280 180
 

1,210 1,440 230
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3
Quantity of water consumed in Compensation: 8.1 	m


3
 
Ratio of water consumed for each chicken: 224 cm
 

Difference In water for evaporation = 224 - 210 	= 14 cm3 

Weights in 17-8-1983:
 

Before immersing After immersing Difference in lost water
 

weight (gm)
 

900 1100 200
 

1040 1240 200
 

1150 1400 250
 

1200 1400 250
 

1250 1500 250
 

Number of chickens slaughtered 32563
 

Mid weight (950-1000)
 

Water consumed for compensation: 7m3
 

Ratio of water consumed for each chicken 215 cm3
 

3

Difference In water for evaporation 225 - 210 = 15 cm


Atmosphere temperature around the basin
 

Time: 1000 1200 1000
 

Temperature (Oc) 28 28 29
 

Weights on 18, 8, 1983.
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Before Immersing After immersing Difference in lost water
 

weight (gm)
 

1075 1380 305
 

1000 1300 200
 

1135 1320 185
 

1160 1340 
 180
 

1350 1560 
 220
 

Number of chickens slaughtered 35065
 

Average weight (1.1601
 

Water consumed for compensation 8.5 m3
 

Ratio of water consumed for each chicken 242.4
 

Difference Inwater for evaporation 242.4 - 200 42.4
 

Temperature around the basin
 

Time 1030 
 1230 130
 

Temperature 27 
 31 30
 

Water of scalding basin and other processes Is heated by vapor. There
 
are two boilers which are operated weekly 4 tonnes/hour at pressure of 8
 
bars. The figure shows vapor distribution network in the slaughter
 

house.
 

Quantity of heat wanted for filling and compensating water to put off
 
the feather of 50,000 chickens/day.
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Temperature of the basin: 600c
 

Temperature of feeding water 200C
 

Quantity of heat needed to heat the filling water of 13m 3
 

= 520,000 kilocalorie
 

= 2,064,400 BTU
 

3
Quantity of heat needed to heat the compensating water of 13 m


= 520,000 kilocalorle
 

= 2,064,400 BTU
 

Waste Section: After having reconstructed (rehabilitated) this section
 
includes 3 cookers. The vapcr result is condensed before discharged as
 

waste water, by water through closed cooling cycle. A quantity of heat
 

amounted to (60 x 106) BTU can be obtained from this cycle.
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X O Dat/Items Aug 7 Aug 8 Aug 9 Aug 10 Aug II Aug 13 Aug 14 Aug 15 Aug 16 Aug 21 Aug 22 Aug 23 Aug 24 Aug 25 

%n Ci No. of 
0 J 

co 
Slaughtered 
Chickens 

35,844 36,514 37,090 34,817 36,788 32,774 32,565 35.932 32,563 35,065 30,140 34,580 40,395 32,803 

* 0 
r N) Average 

Weight (kg) 1.115 1.105 1.100 1.150 1.150 1.150 1.150 1.950 1.950 1.160 1.229 1.123 0.950 1.095 

Amount of 
Cocpensale 7.5 10 4 6.5 9.5 6 8.5 8.1 7.3 8.5 8 9 8 8.5 
Water (m) 

Avg. Amount 
of Water per 209 273.9 108 187 245 183 261 225.4 224 242.4 265.4 260.3 198 259 
Eac h Icker 
(cm ) 

Average ambient temp. during measuring hours 28
0
C 

CD 

d535. 16 



Date/I terps Aug 27 Aug 28 Aug 29 Aug 30 Aug 31 Sept I Sept 3 

knCN 
n 

- tNo. ot SlauUhteredt j Chicken
C i 

:D Average Weight (kg) 
r' 

08.30.783 

1.05 

37,544 

1.100 

45.018 

1.100 

59.027 

1. 105 

21,894 

1. 0 0 

17.665 

1.0 S 

24,124 

Amount ol Compensate 1.200 
(mMter) 7 8 T9 

Average Amount of 
.wat~rper each chicken(Cm ) 227.4 213 222 227.7 502 452 456 

Average Ambient temperature during measuring hours 28
0C 

CD 

03 

535.16
 



A.2 Review comments from Anhar Hegazy August 16, 1985
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LIOCKWOOO GREENB 
; .r.ner;,Er- : r r rll: z: : 

August 16, 1985
 

USAID/REFT Project

SUBJECT: Reviewed Report on 
the Applications Review for Field Test No. 3
 

"General Poultry"
 

Mr. Tom West, Laison Project Manager
 

Louis Berger International, Inc.
 

FM: Anhar Hegazi, I.P.H. Task Leader
 

In reference to Mr. 
R. Spongberg's letter 
dated July 7, 1985 concerning
the submittal of the a/m Report 
for review. The report 
was reviewed and
views wore exchanged with LGE 
during my stay at Spartanburg. This was
helpful 
to enhance the direct discussion and ccomon understanding. Also,
some reflections which I received from Mr. Eric Peterson at Cairo havebeen discussed and 
highly considered. LGE is now reprocessing the report
to incorporate the required chapters. 
 The main comments and modifications
 
required for the report are as 
fol !ows:
 

Since the report was made available to Dr. Ezzat Abd El Hamid, theDirector of General Poultry Plants, collected data were refined con­sidering the extension plans of the plant within 1985-1986. LGE wasrequested to incorporate these requirements in the project calcula­tions to enhance the waste heat recovery opportunities.
 

2. Assumptions made and 
some of the data used for calculations were dis­cussed and a typical 
schedule of plant operation was developed.
 

3. Since the submitted, application review has considered 
the use of the
solar heating system only 
for filling scalder tank, 
associated with
the assumption of quite short 
very 

life time of the solar system, it showspoor payback and economics 
of solar system versus waste heat
 
,acovery options.
 

It was recommended to LGE 
to consider using the solar 
heat for the
makeup water to 
scalder tank, which increases solar contribution,
together with modifying life time of the showsystem to 15 years tothe practical economics of the solar system. 
 (This has almost doubled
the solar contribution). This was a main reflection from Mr. EricPeterson, 
to address adequate evaluation of the 
use of solar in this
 
project.
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Mr. 	Tom West
 
August 16, 1985
 
Page 2
 

4. 	AI I heat and mass balances of the system were reconsidered to adapt 
the A/M changes. 

5. 	According to the results achieved so far from the A/M consideration
 
and calculations, some system configuration changes may be appro­
priate, "mainly reconsideration of the use of flash tank and makeup
 
water preheater", which would increase the effectiveness of the pro­
posed system.
 

6. 	Final report incorporating the results of this work is expected by 
8/ /85 fron LGE. 

Very truly yours,
 

Anhar Hegazi
 

I.P.H. Task Leader
 

AH:dc3c/3
 

cc: 	Mr. Mike Jones
 
Mr. T. El Tablawl
 
Mr. E. Peterson
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18 

16 

14 

FILL COOK EMPTY FILL COOK EMPTY 
IlmX8m ImX8m -

10 FILL COOK EMPTY FILL COOK EMPTY 

N- ImX5m ImX5m 

, 8 - FILL COOKI-- EMPTY--- - FILL1- - COOK .... EMPTY 

ImX8m ImX~m 

FILL COOK EMPTY FILL+ COOK EMPTY 
lmX5m 

ImX5m 

FILL COOK EMPTY FILL COOK EMPTY 
lmX5m 

lmX5m 

SCALDER OPERATING TIME CLEANING 

IIIIII I I I I I 

7 A.M. 8 9 10 II 12 NOON I 2 3 4 5 6 P.M. 7 8 

APPENDIX-B 

SCALDERS & RENDERING COOKERS SCHEDULE 
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Appendix -C-


Energy Balance Calculations
 

0.1 General Existing Conditions Flow Sheet 

C.2 Lotus Model Results 

Existing Conditions (MWJPAC) 
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GENERAL POULTRY MWJPACOI 

E(ISTINGMWJPACOI 
DESCRIPTION 
LOCATION 
.1(LB/HR) 

(DEG F) 

PRESSURE(PSIG) 
ff(BTU/Lb) 
0 (BTU/HR) 

BIRDS BIRDS 
IN OUT 

1 2' 
39,690 39,690 

97 115 

52 66 
2,063,880 2,635,416 

H20 II 
BIRD 

2' 
71,144 

140 

108 
771,574 

BIRDS TO H20 TO H20 TO 
RENDER'6 VENT COND VENT COND 

3 4' 4' 
9,923 7,442 1,034 

115 212115 

66 1,150 1,150 
658,854 8,558,lbo 1,188,633 

PROCESSED H20 FROM 
BIRDS BIRDS 

5 ' 5' 
29,768 7,144 

140 

66 108 
1,976,562 771,574 

DOA 
BIRDS 

6 
1,.7q 
7 

30 
41,395 

GENERAL POULTRY MWJPACOI
 

EIISTING MWJPACOI SOLIDS FRO 
DESCRIPTION COOKERS 
LOCATION 7 
M (LB/HR) 2,825 
T (DEG F) 347 
PRESSURE(PSIG) 
H (BIU/LB) 252 
Q (BTU/HR) 711,939 

GENERAL POULTRY MWJPACOI
 

EXISTING MWJPACOI BOILER 

DESCRIPTION FEED 

LOCATION 16 

M (LBHR) 14,032 

T (DEG F) 72 

FRESSURE(PSIG) 115 

H (BTU/LB) 40 

9 (BTU/HRI 561,295 


COND LP STM 

COOKERS FR F T'K 


8 9 

12,297 N/A 


347 N/A 

115 N/A 

319 N/A 


3,922,688 N/A 


F.TANK MAKE-UP 

COND STM TO SC 


17 18 

N/A 1,736 

N/A 347 

NIA IS 
NIA 1,192 
N/A 2,068,252 

FILL MAKE-UP STM FROM STM TO 
 COND FROM H20 TO 

H20 H20 BOILERS SCALDER SCALDER MAKE-UP 


IOB IOC 12
11 13 14 
7,166 7,482 14,032 1,736 1,736 14,032 

72 72 347 250 250 72 
ATM NR 115 15 15 NR 
40 40 1,193 1,193 219 40 


286,650 299,287 16,1740,623 2,070,508 380,251 561,295 


H20 TO SCALDER SCALDER SCALDER STM TO 

SCALDER V LOSSES R LOSSES ORAIN COOKER 


19 20 21 23
22 24 

14,648 DELETED (338) 0 (7,166) 12,297 


72 DELETED 140 140 
 140 347 
NR DELETED NR ATM ATM 115 
40 DELETED 108 108NR 1,193 


585,937 DELETED (36,500) (122,630) (773,955) 14,670,115 


LP COND
 
TO DEAIR
 

15
 
N/A
 
NIA
 
NIA
 
N/A
 
NIA
 

LOSSES
 
COOKER
 

25
 
0
 

347
 

NR
 
(975,798)
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GENERAL POULTRY MWJPAC01 

E(ISTING MWJPAC01 FUEL TO STACK BOILER dQt.O dQ3.0 dQl.0 
DESCRIPTION BOILER LOSSES RAD LOSSES BTU/HR BTU/HR BTU/HR 
LOCATION 26 27 28 
M (LB/HR) NR 0 0 (1,690,258) (I0,73;,777) (21,575,134) 
T (DES F) NR NR NR 
PRESSURE(PSIG) NR NR NR 
H (BTU/LB) NR NR NR 
9 (BTU/HR) 21,575,134 (4,044,832) (1,350,974) 

C-4
 



--------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------

GENERAL POULTRY MWJPACOI
 

INPUT OUTPUT OUTPUI OUTPUT ENERGY SAVEDF-CHARr GAL/DAY 
 BrU/YR BTU/DAY BTU/HR
SCALDER CONSUMPTION f 140 F 
 12,718 
 (1,690,251
SOLAR SYSTEM ENERGY SAVINGS 
 1,508,920,000 4,572,485 
 571,561 
 -33.8Z
 
SOLAR SYSTEM FUEL SAVINGS
 

FLASH TANK SYS.EM MASS FLOW 
 ENERGY CONVERSION MASS FLOWCONDENSA TE FROM CONDENSATE FROM METHODOLOGY 
RENDERING COOKERS RENDERING COOPERS FLASH ST[ FLASH STM ENERGY SAVED

Mo LB/IR 08 OTI/HlR LB/HR BTU/HR 

FLASH TANK SYSTEM INPUT 12,297 3,922,608FLASH TANK ENERGY SAVINGS 
 10.6% 1,301 1,229,560
FLASH TANK FUEL SAVINGS 

CONDENSATE RETURN SYSTEM 
 CONDENSATE FROM CONDENSATE FROM USING HlyRENDERING COOKERS RENDERING COOKERS (I1 0 212FI-
AND SCALDERS AND SCALDERS (1(11 72F)= ENERGY SAVED

MBAND M13 LP/IR OGAND 013 BTU/HR PTU/LB TU/IR 
MitdHIv=

M8 ENERGY SAVI[,3S 12,297 3,722,688 IO 
M13 ENERGY SAVINGS 
 1,736 380,251 40


TOTAL C'NEP.:Y SAVINGS 14,032 4,302,930 140 
 1,964,532 
TOTAL F{!F' PAVINGS 

ENERGY SAVED F.,1-'AVED FUEL SAVED FUEL SAVED 
 CONSTRUCTION

F-CHART BfU/YR BTU/YR 
 GAL/YR BBL/YR ZSAVINGS COST 

SCALDER CONSUMPTIOIN @140 F 
SOLAR SYSTEM ENERGY SAVINGS 1,508,920,000
 

SOLAR SYSTEM FUEL SAVINGS 
 2,012,144,820 14,372 342 
 -3.5% $260,597
.......... --------- ,----...................................................................................-

FLASH TANK SYSTEM 

ENERGY SAVED 
 FUEL SAVED FUEL SAVED FUEL SAVED 
 CONSTRUCTION
 
fTU/YR BTU/YR 
 GAL/YR BBL/YR %SAVINGS COST
 

FLASH TANK :,'srEM INPUT 
FLASH TANK ENERGY SAVINGS 3,246,037,710
 

FLASH TANK FUEL SAVINGS 
 4,328,591,287 30,919 
 736 -7.6% $23,461
 

CONDENSATE RETURN SYSTEM
 

ENERGY SAVED 
 FUEL SAVED FUEL SAVED FUEL SAVED 
 CONSTRUCTION
 
BTU/YR BfU/YR GAL/YR 
 BfL/YR XSAVINGS COST
 

M8 ENERGY SAVINGS
 
K13 ENERGY SAVINGS
 

TOTAL ENERGY SAVINGS 5,186,365,707
 
TOTAL FUEL SAVINGS 
 6,916,018,670 49,400 
 1,176 -12.11 $67,254
 

El;ISTING BOILER F BTU/YR GAL/YR BBL/YR
CONSUMPTION (56,950,353,761) (406,845) (9,687)

PROPOSED BOILER F BTU/YR GAL/YR 
 BBL/YR %SAVINGS
 

CONSUMPTION (45,713,729,432) (312,154) (7,432) -23.3%
 



Appendix D
 

Insolation Data Cairo, Egypt
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A Summation of the Daily Total Solar Radiation Reeived on Surfaces of Various
 

Orientations in cal/cm 

Month Normal H South North E W 

Jan. 720 360 485 44 215 215 

Feb. 752 435 440 49 250 250 

March 796 523 350 56 273 273 

April 830 600 226 65 275 275 

May 863 650 150 106 288 288 

June 864 662 115 130 295 295 

July 858 650 130 116 288 288 

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 

Provided by EEA 

84208.02
 

R565/6.dt D-2
 

http:R565/6.dt
http:84208.02


CAIRO, EGYPT 

DAILY TOTAL SOLAR RADIATION 

BTU/FT2 

Month Normal Horlz. South North East West 

JAN 2657 1328' 1790 162 793 793 

FEB 2775 1605 1624 181 923 923 

MAR 2937 1930 1292 207 1007 1007 

APR 3063 2214 834 240 1015 1015 

MAY 318z 2399 554 391 1063 1063 

JUN 3188 2443 424 480 1089 1089 

JUL 3166 2399 480 428 1063 1063 

AUG 3055 2251 701 295 1052 1052 

SEP 2915 2015 1081 218 996 996 

OCT 2635 1616 1421 188 886 886 

NOV 2480 1332 1668 166 797 797 

DEC 2435 1218 1720 155 745 745 

ANNUAL 2875 1897 1130 260 952 952 

Unit Conversion by LGE 
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Appendix E
 

Results from FCHART-4R
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r* .*.,:. . * *.,,* *-. *. *., *., *. * . *. 

** FCHART-4R VERSION 2.00 ** 

PROJECT: General Poultry DATE: 04/03/86
COMMENT: Application Review-Final FILE NAME: MWJPAC 

THERMAL DATA 

GENERAL INFORMATION:
 
I SYSTEM TYFE (1-5) 

1 = DHW-ITANK 4 - DHW--PREHEAT-LOADSIDE HX 
2 = [IW--2TANI:. 5 = CONSTANT TEMF-COLLECTOR 
3 = FROCESS HEAT 

2 ECONOMICS (1=YES; 2=NO, 3=ECONOMIC ONLY)
3 COLLECTOR AREA OPTIMIZATION (I=YES; 2=N0)
4 CITY NIIMBER 

COLLECTOR AND COLLECTOR lAX:
 
11 COLLELTUR AREA 

12 IR--IJL FFDUCT 

1 FR.-T!U-.ALFHA PRODUCT 

14 INCIDEN1- ANOLE MODIFIER CONSTANT 
1S COILLEICTOR TI L.T ANGLE 
16 COLL FCTOR AZ IMUTH (SOI'TH=O, EAST.-90, WEST=+90 
17L t - LECTIR HX EFEC]T IVEINEZSS 
I C..OLLECT t LIJOF FLOW RATE 

IV7 -:LI fC ORIGE LcOPrF FLDW RATE
OLL d I-F 

,'.3Q 'EC I F IC EAT OF COLIc.FOR FLUI D 

2I ;FECIFIC IHEAT OF 5nLLAR TANK FLIJ D 

22 HA OJF COLLECTOIR INLET F[FE 

-'1 UK F C .LIELI- I- O!TL.ETF IFE 


24 GI-ROIND REFLECTANCE 

Ei TO FFST FLOW RATE
FEL 

SOLAR STIGFOE TANK: 
31 SOLAR R CAPACITYIFAGE 

:2 SOLAR TANK HEIGHT-DIAMETER RATIO 

TO SOLAR TANK U-VALUE 

_4 SOLAR TANK ENVIRONMENT TEMPERATURE 


AUXILIARY STORAGE TANK: 
41 AUJ TANK OVERALL UA 
'12 AUX TANK ENVIRONMENT TEMPERATURE 

DHW L.COAD ]INIFORMAITION: 
51 WATER HEATER USAGE 
S2 WATER HEATER SET TEMPERATURE
57 WATER SUPF'LY TEMPERATURE (-1000 SETS TO SND TEMP) 

84208.02 
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2.00 

ONLY 

2.00 
2.00 

262.00 

4000.00 SOFT 
0.72 BTU/SQFT--HR-1 
0.76 
0.17 

45. 00 DEGREES 
. .00 DEGREES 

1. 00 
14. 70) L.O/HR-SOFT 
14.70 LB/iF: IQFT 

1 . 00 B-U/L..B'F 
1.00 BTU/LI..'- -F 
0.50 BTIJ/HR--F 
0.50 ETU/I-IR--F 
0.20 

33.7.- LB,./HR-SOFT 

1.50 GAL.../SQFT 
2.00 
0. 1 BTL/HR-SOFT--F 

70.00 DEG F 

0.00 BT..I/HR-F 
0.00 DEG F 

12718.00 GAL/DAY 

140.00 DEG F
-1 C)00.00 DEG F 

http:12718.00
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---------- ---------------- 

-- - - --------- --------- 
-- - - - -

-- 
-- - - - - -----

PROJECT: General Foultry DATE: 04/03/86

COMMENT: Application Review-Final 
 FILE NAME: MWJPAC 

ENVIPLNMENTAL DATA AND THERMAL PERFORMANCE 

ENVIRONMENTAL DATA
 

AIRi-
 , E- - -- LATITJDE -30.0 
1 TILT AINGLE = 45.00 AZIMLTH ANGLE - 0.00 i 

HOI-ZONTAL ILTED AMIENT AIR WATER SU---LY 
SOLAR RAD SOLAR RAD 1 TEMFERATURE TEMFERATURE 

- .-- ----- - ­ . .-- 1- ---..

BTU/SQFT--DAY BTL/SOFT-DAY DEG F DEG F, ----1 -------- - i-. --------- . 
JAN 1329. 2. 1 57. 58.
 
FED 1606. 2180. 1 
 59. 56. 
MAR 1931. 2174. 
 1 64. 58.
 

2215. 1 2050. 1 70. 
 65. 
MAY 2400. 1931. 1 77. 73.
J UN 2444. 1 1839. 1 82. 61. 
,3h.. : 400. 1862. 82. 1 87.AUG 2252. I 1964. 8:3. 69.

EF 2016. 2099. 79. 86.
OCT 1617. 220 .37. 75. 80.
NOV 1. 33. 2006. 67. 71.

DEC 1218. 1 2020. 6:). 64. 

TIIERMAL PERFORMANCE SPECIFIED COLL.ECTOR AREA 4000.00 SOFT 

FRACTION 1 SOLAR 1 OUTPUT" OUTrPUr L.OSS TEMt- OU'" 
-


% 
- -- - --- -
 -


I x I . .!**DEG 
-- -

F: DED F 
I-------- -------.- ---
 -


JAN 53.7 1 263.11 1 146.49 
- -- -- - - ­

145.25 1.22 1 
--

270.66 1 102WED 53.6 244.19 1 t3. 83 1 133.77 1 1.07 
10: 

1 249.52 101 1 101MAR 53.6 269.62 1 145.12 143.89 1.23 1 268.36 102 102WFR 5".9 245.95 1 ;0.46 129. 13 1.31 1 239.65 105 103MAY 3 .7 239.41 12). 10 110.59 1 1.49 1 221.00 1 09 :10,
JUN 55.6 220. 72 .106.00 104.36 
 1.64 187.78 1t14 1 11.JUL.. 60.2 230.94 1 07.33 105.54 1.90 1 175.29 1 L9 11 i.AUG 67.4 243.58 15t.09 1t1[3.94 2. 11 169.04 1 123 1 .0EP 70.5 1 251.86 ! 34 121.20 2.08 171.86 124 12.1OCT 64.9 252.60 1 1.12 128.22 1.91 197.65 119 1 It?NOV 5.8 1 240.68 129 82 1 128.28 1.56 1 l.33 112 i12!DEC 4.4 1 250.51 1 3. 09 1 136.75 1 1.35 251.59 1 i5 1 ' 

YR 57.6 2953.15 1 157 79 .1508.92 18.87 2620.75
 
S.. . -7•-" - ,. 15 . .' --- (".9"----­

* UNITS = MMBTU ANNUAL OPERATING HOURS = 2887 

E-3 
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FCHART-4R DESCRIPTION
 

E.1 	 FCHART-4R is a computer program that simulates the performance
 

of several types of solar hot water and process heat systems.
 

It is intended for use by engineers, architects, solar energy
 

consultants, energy analysts, and others who need accurate
 

information about the thermal and economic performance of the
 

types of solar energy systems included. Features include
 

optimization of collector area and a comprehensive economic
 

analysis which was developed at the National Bureau of
 

Standards.
 

E.2 	 Types of systems that can be simulated using FCHART-4R include
 

liquid based active solar hot water and process heat systems.
 

System types Include systems that have either one or two
 

storage tanks and may optionally have a collector heat
 

exchanger.
 

E.3 	 The thermal performance report generated by FCHART-4R
 

calculates the monthly average values for solar fraction, solar
 

energy incident on the collectors, solar energy collected, tank
 

losses, load, average tank temperature, and average temperature
 

delivered from the solar storage tank. The program also
 

calculates annual results.
 

E.4 	 The economic report generated by FCHART-4R calculates the
 

discounted life cycle cost of the solar, auxiliary, and
 

reference systems. Also included are the net savings, internal
 

rate of 	return, discounted payback time, and annual simple and
 

discounted cash flow for the solar energy system relative to
 

the reference system. Economics will be addressed in a
 

separate 	document; therefore, the FCHART-4R economics report
 

will not 	be used.
 

84208.02
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A. Input Data Descriptions
 

General Poultry Company
 

Heliopolis, Egypt
 

B. 	 General Information
 

1. 	 System Type = 2.
 

1.1 	 Two-Tank System (FCHART-4R only)
 

1.2 	 This type of system includes a collector with an optional heat
 
exchanger, a solar storage tank, and a separate auxiliary tank.
 
In this system, water flows between the solar storage tank and
 
the collector, where it is heated. Makeup water is supplied 
to
 
the solar tank. 
 When there is a hot water demand, the solar
 
tank provides its output to the auxiliary tank where the hot
 
water 
load is suppli ed from the auxiliary tank. If the
 
temperature from the solar 
tank is lower than the thermostat
 

setting on the auxiliary tank, auxiliary energy is added to
 
bring it to the set temperature. In our case, the auxiliary
 

tank is the scalder.
 

2. 	 Economics (Yes=l, No=2, Economic Only =3)
 

Enter a 	one (1) 
to perform a thermal and economic analysis, a 
two (2) :' thermal analysis only, and three (3) for economic 

analysis only. If either collector area optimization (#3) or
 
range of areas-fractions (#136) options are chosen, a one (#1)
 

must be entered, as these options require economic data.
 

84208.02
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3. Collector Area Optimization (Yes=l, No=2)
 

Enter a one (#1) to perform collector area optimization or a
 

two (#2) for the area specified in data item II. The optimal
 

collector area is the collector area which results in the
 

greatest net savings over the analysis period. When
 

optimization is selected, the economic data items must be
 

spec ified. 

4. City Number 

AMBIENT 
TEMP 
(DEG F) 

JAN 57.0 

FEB 59.0 

MAR 63.5 

APR 70.0 

MAY 76.5 

JUN 81.5 

JUL 82.0 

AUG 82.5 

SEP 79.0 

OCT 74.5 

NOV 67.0 

DEC 59.5 

= 262. 

CAIRO, EGYPT
 

LATITUDE = 

DEGREE 

DAYS 


(DEG F-DAY) 


148.0 


115.0 


97.0 


63.0 


23.0 


1.0 


0.0 


0.0 


1.0 


22.0 


81.0 


138.0 
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30.08 

HORIZONTAL GROUND WATER 
SOLAR RAD. TEMP 

1t6TU/SQFT-DAY) (DEG F) 

1329.0 57.7 

1606.0 56.0 

1931.0 58.4 

2215.0 64.7 

2400.0 72.8 

2444.0 81.0 

2400.0 86.7 

2252.0 88.6 

2016.0 86.0 

1617.0 79.9 

1333.0 71.4 

1218.0 63.5 

http:R565/6.dt
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C. 	 Collector and Collector HX
 

=
11. Collector Area 4,000
 

Enter the total collector area. If 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 the ASHRAE 9:-77 Collector Method. 
 (Value is
 

for flat U.S. solar collector).
 

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 for U.S. solar collector).
 

14. Incident Angle 	Modifier Constant = 0.17
 

Enter the value which is experimentally determined by the
 

ASHRAE 93-77 Collector Test Method. (Value is for U. S. solar
 

collectors.)
 

15. Collector Tilt 	Angle = 45 degees, Base Run
 

Enter the number of degrees (from horizontal) that the
 

collector Is tilted.
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16. Collector Azimuth Angle (South 0, East=-90, West=+90)
 

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 one (1) when there is no collector heat
 

exchanger. When there is a collector heat exchanger, enter a
 

value between zero and one. Typical values are 0.7 with
 

correctly sized heat exchanger and I for no heat exchanger.
 

18. Collector Loop Flow Rate = 14.70 lb/hr sq ft
 

The flow rate per unit of collector area between the collector
 

array and the collector heat exchanger or tank (depending on
 

whether there is a collector hcat exchanger or not).
 

Fluid flow per square foot (SF)
 

of collector area. Define as 1.0
 

gpm/34 SF.
 

8.53 lb/gal of water
 

The collector loop flow rate
 

becomes
 

0.029 gpm/SF
 

* 8.33 lb/gal 

* 60 minutes/hour 

14.70 lb/hr sf
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Collector-Storage Loop Flow Rate = 14.70 lb/hr
 

The flow rate per unit of collector area between the collector
 

heat exchanger and the if there heat
tank is a collector 


exchanger. If there is no heat exchanger, value 
is ignored.
 

20. 	 Specific Heat of Collector Fluid = 1.0 Btu/Ib.F
 

Enter the value for the specific heat of the collector fluid.
 
The value for water is one (1) when using English units.
 

21. 	 Specific Heat of Tank Fluid = 1.0 Btu/Ib.F
 

Enter the value for the specific heat of the tank fluid. The
 
value for water Is one (1) when using English units.
 

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

The overall heat loss coefficient U of the Inlet pipe
 

multiplied by the surface area A of the pipe.
 

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

The overall heat loss coefficient U of the outlet pipe
 

multiplied by the surface area A of the pipe.
 

24. 	 Ground Reflectance = 0.2
 

Enter the reflectance of the horizontal surface 
in front 	of the
 
collector. A value of 0.2 
is typical except for conditions of
 

snow or water surroundings, or other reflective surfaces.
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25. 	 Collector Test Flow Rate 
= 33.74 	LB/HR.SF
 

The flow rate per unit of collector area through th collector
 
during the ASHRAE 93-77 collector efficiency test. (Value is
 

for US. solar collector)
 

D. 	 Solar Storage Tank
 

31. 	 Solar Storage Capacity = 1.5 gal/SF
 

Enter 
the tank storage capacity per unit collector area.
 
Typical values are 
1.2 to 2.0 gal/sq ft (English units).
 

32. 	 Solar Tank Height - Diameter Ratio = 2.
 

Enter ratio of the tank height to tank diameter.
 

33. 	 Solar Tank U-Value = 0.10 BTUH/SF.F
 

Enter the overall heat loss coefficient of the Solar 
Storage
 

Tank.
 

34. 	 Solar Tank Environment Temperature 
= 70 degrees F
 

Enter the temperature to which tank losses occur. 
 70 degreesF
 
Is the mean annual ambient temperature for Cairo, Egypt.
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E. 'Auxiliary Storage Tank
 

41. Aux Tank Overall UA = 0. 

Enter the overall heat loss coefficient U times surface area A
 

of auxiliary tank. This is the tank heat loss per degree of
 

temperature difference tank temperature
between fluid 
 and
 

environment. Tank temperature is assumed to be equal to the
 

hot water set temperature. The scolder is the auxiliary tank
 

for this application. 
 Scalder heat loss has been accounted for
 

In the energy balance.
 

42. Aux Tank Environment Temperature = 0.
 

Enter the temperature to which tank losses occur.
 

F. Process Load Information
 

51. Water Heater Usage = 12718 gal/day
 

'52. Water Heater Set Temperature = 140 degrees F
 

Enter the desired supply temperature of heated water. This
 

temperature Is used to calculate the total water heating load.
 

53. Water Main Temperature = -1000.
 

Enter the temperature of the cold water supplied to the water
 

heating system (DHW). 
 If a value of -1000 Is used, temperature
 

will be set equal to monthly ground water temperature (which Is
 

In the weather data file).
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"SERV-ICE" EVENTS AND SERVICES
 

VIVIAN "SERV-ICE" SEMINAR 
The Vivian "Serv-Ice" Repair and Main-

tenance Seminar is an annual event 
which takes place in February. This 
seminar has become the industry's stan-
dard by which similar seminars are 
judged, covering all aspects of preventive 
maintenance and repair in all sizes and 
types of ice makers, ice handling and 
packaging equipment, and ice merchan-
disers. 

Watch for more specific information 
and dates in Refrigeration magazine and 
plan to attend this comprehensive learn-
ing experience this year. Remember, 
maintenance doesn't cost ... It pays. 

Member 

PACKAGED ICE ASSOCIATION
 

If you are In the Ice business, you should be In the PIA. 
As *a businessman, you mut know your Industry. You must 
understand governmental regulations and how they affect your
business. You must be aware of economic factors that affect your
firm's growth and profitability. You must keep abreast of 
developments in technology and marketing. 
If you are not in the PIA, you are not doing all you can do for your

industry. It's as simple as that. 

We Invite you to atk any PIA member about the value of PIA. Or,

call us, we'll do our best to answer all your questions. 


For complete membership Information, call or write our national
headquarters: 

PACKAGED ICE ASSOCIATION 
111 E.WACKER DRIVE - CHICAGO, ILLINOIS 60601 

312/ 644-6610 
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USED EQUIPMENT PROGRAM 
The next time you trip over that piece of 

equipment that you've outgrown or 
retired, consider this: With new equip. 
ment costs rising steadily, there is a large
demand for used and reconditioned 
Items. Vivian's new cooperative program 
allows you to find a market for this "junk"
equipment. Call us, tell us what you have, 
ship it prepaid to our warehouse, and we 
will totally rebuild it, charge the pur­
chaser for parts, labor and 15% profit,
and cend you a check for the remainder 
when it's sold. 

Arrangements must be made with Vi­
vian prior to shipping any Items. 

National News, Merchandising and Technical 
Publication for Ice and Allied Industries. 

Keeps you informed on what's happening throughout
the industry! 
- New Products 

Convention Information 
-

-

Classified Advertisements help find that item
you're looking for or sell what you no longer 
need. 

To subscribe, write: 
REFRIGERATION 

P.O. BOX 7368
ATLANTA, GA. 30357 

VIVIAN OF ST. LOUIS, INC. 


