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1.0 EXECUTIVE SUMMARY

This document presents the conceptual design for a Photovoltaic/Diesel
powered ice-making plant at Wadi El Raiyan (Field Test #6). The proposed field
test is to provide rhe Egyptian Electricity Authority (EEA) with practical
working experience with photavoltaic energy systems as a long term, least-cost
remote power supply for refrigeration, as well as to serve as a demonstration
of the capability of the combined technology af PV and diesel to reliably
supply significant amcunts of power in remote locations.

The candidate conceptual system design in this document Ls based on a4 DC
systen that prodaces [lake ice. However, the recommendation’ for the tender
document 1s that the }cv maker and power system can be either an AC or DC
design that produces flake or plate ice,

Whether an AC or a DC system is designed, the following components
remain the same:

o Rectifier {Battery Charger) for the diesel gen set.

o PV Array size---35 ki (peak).

0 lce maker---6 tons (5.5 tonnes) per day (whether plate or flake ice).

o Storape Capacity---10 to 12 tons of ice for three days.

For an AC system, the following system component changes are required-

1. AC power systems and AC loads instead of DC power systems and DC

loads.
2. Addition of a DC/AC inverter (rated at 30-50KW) .

3. A nominal .5 kW AC diesel generator set instead of a more specific
sizing of 22 kWw.

4. lInverters must handle all power (instead of just for the ancillary loads).
The battery bank has the following design characteristics

and constraints:
o Capable of providing 233 kWh of eneryy.

o Capable of being charged or discharged at up to 160 amps for .
short intervals. This current ratinz comes from the nominal array rating of



35 kilowatts at 220 volts and is the maximum charging or disch

arging
current that the battery will experience,

o Deep discharg« bhatteries desigaed for photovoltatic applizations.
Several structures are reguired at the site to house system components.

A main contral building to house the {nverter, the battery bank, the i{nstrumenta-

tion system, and the controller {s required. The total area of this building

i approximately 17.2 m2 (400 fr2), A separate dlesel bhuilding should be bLuilt

0 that the dlesel generator can be placed on a concrete fluvor appropriately

supported for vihration,



2.0 OBJECTIVES AND BACXGROUND

2.1 Objectives

The primary objectives of this féeld test eve to provide EEA with practical
working experience with photovolralc energy systems, and to provide system
design and operational trafning for Egyptian engineers for the purpose of
assessing and Implementing similar projects throughout Egypt. Thie rield test
will evaluate the vialllity of photovoltaic energy systcms and PV in combinatioa
with diesel energy systems, through the demonstrvation of a PV/diesel powered
ice making plant.

The application of a PV/diesel power system for ice making at Wadi El Raiyan
will serve as a demonstratica of the capability of the combined technology of
PV and diesel to reliably supply significant amounts of power 10 remote locations.
Other applica:ions that are expected to have similar load levels and characteristics
are communicalions and centralized village electrifization. It is important
that this fifeld tes: he designed to distinguish between the performance of the
Pv/diesel power system and the performance uf the ice making equipmeant and
other related equipment such as {nstrumentation and water treatment so that the
PV/dtesel power system can be evaluated for other applications. This field
test will also provide valuable data on the field performance of diesel generators

{a comparison to PV under similar levels of maintenance aad operational support.

2.2 Background

The site chusen for a fileld demonstration of this application is Wadi
El Ralyan, an area 140 kilometers south-west of Cairo, near El Faiyum.
Wadi El R.iyan coasists of two jolned man-made lakes, currently totaling

about 10,000 acres, befng formed by the discharge of an agricultural canal

flowing from the El Falyum area (Exhibit 2-1).
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Figure 2-1. WADI EL RA!YAN LAKE AREA



The Wadi El Ralyan lake area has two fishing locations managed by the Fish
Resources and Developmenr Authority (FRDA). The “central location” is about 40
km west‘of El Faiyum cn a bay of the first lake at the outlet of the agricultural
dratinage canal. The "second lake location” is abort 30 km south-west of the
central loucation on a newer, larger lake.

Ice ts currently transported 40 km from El Falyum to the fishing locations
where fish are packed and trucked to markets in El Falyum, Calro and points as
far as Alexandrla. Some fish are sold direct to merchants at the lake location.

The ice making capacity of the El Falyum area is approximately 421,000
blocks per year made in grid-connected ice plants. The resulting éapacity
tounage is approximately 30 tonnes per day. The demand for ice in the El
Fatyunm area is sfgnificantly greater than the ice making capacity. In addition
to the fee needed for fish and other food preservation, there is a steady
demand for block ice for private use (home refrigeration). Tne installation of
an {ce miking plant at the lake to serve the fishing sector will therefore also
serve the surrounding arca, especially during the summer and teward the end of
the fishing season when the demand for ice for fish preservation declines.

2.3 Intent of the Conceprual Design

The Conceptual Design subtask resulting from the Application Review and
the Technology Review provides the identification and quantificatfon of system
performance specitirations, and hardware specifications where appropriate, to
be used as a basls for the Statement-of-Work. The Annual Operating Plan (AOP)
for the REFT Project, dated May 1985, specifies that the conceptual design
activities “establish technical objectives, develop a system design data base,
and screen candidate system designs to establish a systenm sizing and operating
baseline that satisfies site-specific operational, environmental and user

requirements.”



Specific subtask statements Iin the AOP specify that the conceptual design

shall:

o

~Develop site specific energy source profile and application specific

load demand profile
Define hardware pertformance and environmental speclfications
Conduct system sizing and performance trade-off analyses

Specify monituring {nstrumentation requlrenents.

These tasks were completed as part of the Applicarion Review and

Technology Review activities, in conjnction wita visits to the U.S5. of Egyptian

englneers from the EEA and the FRDA, the future operator of the system. Elements

o

of the conceptual design appear in the Application Review and the Technology

Review as Indlicated bhelow, Apprupriate data from these documents will be included

in the Statement-of-~Work (SOW).

A site specitic eneryv source profile and an application specific
load demand profile are included in the FT #6 Application Review

Hardware performance and environmental speciticatlvis are 1ucivded in
the FT #6 Technology Review and repeated in this document as appropriate

System sizlng and trade-of f analyses are summarized in the Application
Review

Fleld Test monitoring instrumentation requirements are included in
both the FT #6 Application Keview and the Technolcgy Review, An
updated requirements data list is included as Appendix B of this
document
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3.0 APPLICATION REVIEW SUMMARY

3.1 Criteria for Evaluation of the Field Test

An assessment of this specific fleld test must consider the criterla
necessary for a successful demonstration of any PV/diesel power system. These
criterla are comprehensively listed below, although not necessarily in the
order of fmportance.

1. Current and future user needs

2. A vtable solar and water resource

3. Proven, reliable and commerefally available syctems

4. Stite characteri{stics and {nfrastructure for installation

5. Capability for successful operation and maintenance of

the systems
6. Potential for widespread use In Egypt

The following parauraphs summarize the findings of various studlies and analyses

addressing these criteria,

1.2 Current and Future User Kequirements

There are two principal fishing locations at the Wadi FEl Railyan lake
area.  Approdimately 90 oar p wered hoats operate from the Central Location
bringing {n about 1000 merric tonnes of fish per year,! Forty-six boats currently
operate from the Second Lake Location providing approximately 400 tonnes of
fish per vear.? The combined fish production from the lake is therefore estimated
as 1400 metric tonnes per year.
Fish Production

The fishing season may extend from September through April with daily
catches ranging from 40 tonnes per day occurring {n the early part of the
season and tapering off toward the spring to as little as 0.2 tonnes per day.

Currently, ne fishing {s permitted during the summer months of June, July and

I Data collected by Dr. Seyoum Solomon of Louls Berger International, Inc.
during site visit October 1985.

2 1bid.
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August because of the spawning season. The average daily catch throughout the

fishing season {3 estimated to be between 6 and 10 tonnes per day.

Ice Demand

The ice/fish ratio at Wadl El-Ralyan ranges from 1/2:1 to 2:1 depending
on the market locations and the quality of ice used, Therefore the average
season daily {ce demand for flsh precervation may range from 3 tonnes per day
to 20 tonnes per day.

[n addfcion to the {ce demand for fish preservation, there is a steady
ice demand {n the £1 Faiyum area for home refrigeration. The demand for ice
fn the F! Falyum area is signiticantly greater than the fce making capacity.
Therefore, a greater future utilization of a PV/diesel 1ce making plant

throughont the year {s possible 1€ {ce can be sold to non-fish specific markets.

1.3 The Resources at Wadl El Raivan

Insolatlon data were calculated based on recorded data (sunlight hours)
from a mateornlogical statfon in El Fafvum. Horizontal daily global insolation
renzes from 3.4 kWh per m2-dav in December to 8.1 kWh per m2-day in June.
Appendix A provides solar insolation, ambient temperature, and water temperature
data for the site,

Ambient temperature data are based on meteorological station data from
Zl Glza. An additional two degrees has been added to each temperature to
reflect the generally higher temperatures at the site, Average dally temperatures
Tange from 30.2 to 15.2°C over the year.

Water temperature for the lake at Wadi El Raiyan {s estimated to range
from A to 28°C {n the vicinlty of the central location. For the candidate

:

conceptual design in this document, {t was assumed that the ice maker input
water 15 potable. For the statement-of-work, water quality data from a Cairo
University research study are provided to bidding contractors for their analysis

of water treatment requirements for their specific hardware.
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3.4 Preliminary Conceptual Design

Ice Plant Capacity Sizing

An Ice plant capacity of 6 tons per day (1.N00 pounds per day)3 has been
selected as a candldate sizing., This sizing capaclity will meet a significant
portion of the average dally demand for fce. It {s also a reasonable size for
demonstraring the deslygn, operation and malntenance, and evaluating the complete
techuical and cost performance of photovelialc and diesel power systems for
making f{ce.  The two most fmportant factors regarding ice plarnt sizing are that:
(1Y the demand for fee Is preater than the {ce production capacity of the area,
and (2} the cont of the larzest eost component of the pv/diesel jce plant, the
PVoarray and battery svstem, is relatively linear with increasing array size.
Therefore a b tonfday capacity fee plant and power system can be regarded as a
“oodaiar desion.”  ouver the course of this field test, the performance of the
syslem can be evaluated.  Modifications in design and operation can then be
made to result in self-contained fce plants (ice maker and paower system) with

applicability at other locations throughout Egypt.

Power Svstem and fce Plant Desipn Selection

Plate or flake fce naking technologles are the most sultable for fish
preservatfon and are more enerygy effictent than block ice making which 1is
currently practiced. The energv required to make ice by either plate or flake
technolopy for Wadt El Balvan ranves from 60 to 80 kWh per ton-day which includes
the energy demand for ice maring, storage, watzar supply and miscellanecus
lighting lnads., Based on a ¢ tonfday ice demand and an average energy requirement
of 70 kWh per ton of ice per day, the dz1ly energy demand {s calculated as 420

kWh per day,

3 U.5. tce maker rating are in "tons” (2000 pounds) as distinct form "tonnes”
(2200 pounds or 1000 Kilograms)



The principal power svstem desiygn question {s the selection of elther an
alternating or direct current (AC or DC) systexm., For AC systems stand-alone
inverters are required to convert DC power (from the PV array and battery) into
AC power. The poor relfabllity, capital expense, and inherent energy conversion
ef ficlency (RO - Y0 percent) of stand-alone inverters favors a DC system cesign,
However, because conventional tce making equipment uses AC motors, a DC system
requires that AC motors be replaced by DC motors. Since the power system will
tntegrate a dlesel generator with a py system, the diesel generator must also
be capable of producing DC power elther directly or through the use of a separate
rectifier, These required modificattons for a DC system may be ‘ustified on
the basis of improved operating reliability and efficiency of the system.

An evaluation of the slzing of the PV array and battery system for the FT #6
Application Review has resulted in a determinatinn that the optimum renewable
energy system for lee making loads is a "hybrid” power svstem, combining the
technologies of ¥ and diesel generators. Hybrid power systems i.e. PV/dlesel
power systems, as referred to in tnis report, improve the performance of both
diesel and PV power systems hy fncreasing the operating capacity factor. The
diegel yenerator is able to opeurate at rated capacity which results {n the best
fuel to electrictty converstou efficlency. The size of the PV array and battery
systems can be reduced because the diesel will provide power during extended
periods of low {nsolation and during swasonal load and insolation variation.
This eflfectively fucreases the capaclity factor of the PV array and battery

systen,

Cost projections for PV prices show that PV will become competitive with
diesel in the 1995 tireframe at costs of about $0.27/kWh (Appendix D of FT /6
Application Review, May 1986), Based on projections to 1995 for PV, diesel,

and battery eneryy costs, a PV array and battery system sized to provide between

10



30 and 40 percent of dafly avervage load {s justified. Specific sizing for the

PV/diesel powered fce making plant components are as follows:

PV Array 35 kW
Battery Storage 233 kWh
Diesel Generation 22 kW
Ice Maklng Plant 6 tons/day

This component sizine {s based on a DC systen design incorporating the
flave ice manufacturing proceus resulting in a contfonuous, statle load and a
minimum of battery storage capacity. It is also based on a requirement to size

the dlesel to have the capacity to run the ice plant independently,

3.5 Status of Agreeaments and Respansibilities
The dairly operation and maintenance associated with ice making dictate
that full time operators be assiprned to the location. EEA and FRDA have signed
A contract, covering a two vear period, for the operation, maintenance, repair
and monitoriny of the factlitr, Aspects of thig agreement which arve pertinent
to the aperatinn, maintenauce, repatr and monitoring should be made available
to all involved parties (including bidding contractor) so that clear lines of
responsib{licty will be understaod.
2.h Conclus{ons and Recommendations
The following conclusions and recommendations are provided.
Conclustions
!. The Wad{ El Rafyan location is an acceptable application site for
demonstrating the use of photovoltaics for ice making because there {s an
exlsting and growing demand for ice, the solar resource is exceptional, and
the location represents a balance between remoteness and accessibility for
monitoring and evaluation.%
2. The sizing of the ice plant is based on average daily ice demand because
dafly fce demand fluctuites over the season. A modular design using proven,
teliable, and commerciully avatlable systems 1s considered so that additional

capaclty can be added In the future and the potential for other applications
throughout Egypt {s enhanced.

4 Assumes that potahle water is available for ice making.

Il



3. The most sultable ice making technologies are plate or flake because they
are the most energy efficlent and suftable tor fish preservation,

4. The lowest cost, most reliable design chofce, on a long term basis, {s a
PV/diesel hybrid power system with corresponding ice making loads.

5. The financial viability of PV/diesel remote power systems for

ice making

depends cn the cost of photovoltale energy compared with diesel produced

energy.,

6. The design, cpuration, muintenance, and repalr experience with PV/diesel

hybrid power svstems that will be obtained through this field
form a strong techalcal and cost data base for the design and

test will
application

of PV/diess] power systems for other remote power applications.

Recommaendations

A 6 ton/day tce making pilrnt, powered by a 35 kW PV/22 kW diesel hybrid

power system with 233 kWh of hattery storage is recommended Yo be
at Wall El Ratvau. This recemmendation is based on the following

Lo The Uite cvale cost of PV power is likely to be less than the
cowt of diesel poiver in Epvpt within the next 10 to 15 years.

2o The timerrame of 19 ro 15 vears {s within the energy planning

'

field tested
assumptions:

life cycle

and

fustitutional perspectives of the Egyptlan Electriciey Authority,

12



4.0 TECHNOLNGY REVIEW SUMMARY

General background technical fnformation has been provided {n the Technology
Reference Notebook on equipront components related to photovoltaic systems. The
Technology Revlew for this tleld test, a separate document, reviews the specific
equipment techuologies fn use in this fleld test with emphasis on refrigerarion
and diesel penerators, A summary discussion of the components most critical

to the desiyn and operation of the PY/diesel ice making plant is provided here.

4.1 Technology Background
Diesel Generators

Dlesel generators are considered to be the existing technology, Diesel
seneraturs are aviflable In a wide range of sizes from 2 kW up to several
hundred ¥W rating, They operate with a thermal-to-electricity fuel conversion
etilciency of 195-30 percent depending on capacity factor and the quality of
maintenance,
Photounltafc

Photovoltalce energy systems have been technically proven to be more reliable
ine require less maintenance than diesel systems for remote power supply.
Photovaltale energy, however Is currently competitive to diesel generators only
at low daily doad levels, gencrally helow 10 kWh per day. As the cost of
photovoltalc energy continuzs to drop, the competitiveness of PV with diesel
will tmprove. Under the assumptlons provided, PV is likely to be competitive
to diesel within the next 10 vears for remote power applications such as ice
maxing at the load levels rejuired for this application,
PU/Dienel THbrids”

The characteri{stics of stand-alone PV energy systems indicate that competitive

PY systems, sized to meet fce making loads, will be "hybrid” systems. Hybrid

svstens refer to the intermittent use of a diesel generator to provide power



for periods ot low insolation and to meet peak energy demands and thereby
substantially reduce the required battery storage cepacity that would otkerwise
be necessary 1f PV were used alone. The use of diesel generators in combination
with photovoltaics also increases the reliability of the power system and can

reduce the cost of delivered energy over either energy technology alone.

4.2 Technology/Component Data Base

There are three ice making technologies; block, plate and flake ice.

Block ice is the current technology in use in the El Faiyum area. It is the
least efficient of the three because of its relatively low surface area to
weight ratio. IHowever, {t {8 best for transport and storage. Therefore it {s
the preferred choice for in-home use throughout Egypi.

Plate lce 1s commonly used in the fishing industry worldwide. It 1is made
by passing water over refrigerated vertical metal surfaces and allowing a sheet
or “"plate” of ice to form. Plate ice technology 1s more efficient than block
lce. The principal disadvantage of plate ice is the cyclic nature of the power
demand.

The flake ice process is the most energy efficient and it results in a
relatively continuous load. Flake ice is formed by a shaving process of rotating
either a drum or blade to scrape thin layers of ice iato flakes.

The first consideration for the puwer system to operate the ice maker 1is
given to the choice of an AC (alternating current) or DC (direct current) power
Byatem, An AC system requires the use of a stand-alone iaverter to coavert PV
and battery energy (DC) ianto AC power for use by coaventional AC loads. The
fiz1d performance of {averters has been poor and, because inverters are a
critical link between PV arrav and the load, their failure can prevent the use
of PV produced power. In addition, inverters are at best 90 percent efficient.

The alternative {8 to eliminate the iaverter by modifying load equipment to use

14



DC power. The use of DC loads results in the most efficlent use of the PV/batrery
system and improves the system's reliability. The trade off 18 that the ice

maker mus[vbc modified by changing AC motors to UC motors and a rectifier must

be added tu the diescl/generator to convert AC to DC power. It i8 recommended
that the design not be required to be either AC or DC, but that the Statement

of Work iasist that bidders Justify their design and respond to the concerns
rafsed in the Field Test #6 Application Review.

There are three basic PV technologies with proven field experience: single
crystalline, poly-crystalline, and ribbon. Any of these should be considered
as acceptable for this field test. An adjustable til: array should be required
to provide for the maximum output of the PV array ia the peak demand months and
alsu rhroughout the year,

The power system conatroller should be capable of three functions: (1)
effictent puwer fonditioning of the pv array, (2) battery protection, and (3)
power distrlbution of the PV, battery and diesel elergy to the loads. Several
controilers are commercially avatlable that can perform these functions. They
range from what may be described as “smart” or programable controllers to
"basic” coatrollers that use preset relays and minimum amounts of logic circuitry.
For efther coatroller, it 1s likely that some customization will be required to
meet specific design, operating and safety objectives. Specific emphasis
8hould be placed on performance testing at manufacturer's plants and {n the
field and guarantees that may be offered.

There are two basic cholces for a battery energy storage Bystem, vented or
gsealed deep cycle batteries. Vented batteries are legs expengive than sealed,
however, the loss of electrulyte due to either evanoration or “"gassing” can
require frequent monftoring and matatenance. Vented batteries can be equipped
with "recombination” caps to reduce the use of electrolyte. More expensive sealed

batteries are the preferred choice for handling, shipping, and maintenance consideratio:

15



4.3

Selection of System/Component Technology

Based on a review of avallable equipment and technology the following

recommendations are made:

1.

Flate or fl:ve fce making techavlogy 18 recommended. Power system design

for uae with plate fce making equipment must be capable of handling inhere .t
cyclic loading while flake ice making technology must show that block ice can
be made through the use of block presses to produce ice fur commercial

sale,

The ice maker and power systems ahould be of elther an alternating or direct
current dealgn (AC or DC). A DC power system design is encouraged 1in order
to maximize the efficiency and reliability of the photovoltaic power system.

Photovolralc modules of single crystalline, poly-crystalline or multy .crys-
talline and ribbon technology are recummended .

An adjustable t1lt array structure is recommended which permits manual

ad justment of the array tile, seasonally for at least three positions: 10,
29 and 40 degrees. Structural material should be aluminum, galvanized
metal, treared woud or concrete. Designs should be eacouraged which permit
future fabricazton 1n Egypt.

A power mystem controller with a field proven record of performance is
reconnended. The power system controller should be as simple as possible,
providing the abiliry to easily troubleshoor problems and make component
replacement and repalrs. A maxinum power tracking controller is recommended.
Alsy a mlcrouprucessor-based design i{s acceptable for this application if
fleld performance data shows the uait to have comparable reliabflity to
Qun-atcruproucessor-based control equipment.

Deep cycle lead-aztd batteries sealed or vented are recommended. Vented
batteries should be equipped with recombination caps. Sealed batteries should
be constdered {f thefr 11fe cycle cost 18 not greater than 20 percent over
Ccvaparable vented lead acid batterles. (20 percent 1s a qualitative value
attributable to the elimination or reduction of maintenance).

16



.0 CANDIDATE CONCEPTUAL DESIGN
5.1 Design Apprnach

For the candldate conceptual design, a system configuration was developed
based on the loads fdentified, the equipment technolegy under consideration,
and the design purpose (l.e., development, demonstration, training, lowest cost
oprinn)., An fterative process was conducted to determine an optimum design
between PV, diesel geacrator, and battery power to operate the {ce making
plant, Exhibit 5-1 is a block diagram of the process.

The candidate conceptual design of the Pv/diesel hybrid energy system
assumes a constant average hourly load equal to the total daily kflowatt hours
dlvided by operating hours of the {ce maker. The design {s based on twenty-four
hour operation to moaxismlze capacity, resulting in a constant hourly lvad representa
of flake {ee maring. A cvelic load, as with plare ice maxing technology would
require a larger capacity diesel generator and battery but would not affect
array siztmr becanse array sizing is based on cnerpy per day. With plate ice,
PV oenergy lost during perlods when pv output exceeds load can be recovered

through battery storage.

5.2 Operating Concuept

The operating concept behind a PV/diesel power system is to operate each
power system at its hiphest efficiency compatible with preducing the lowest
levelized energy cost. This means using a minimum battrry capacity and operating
the diesel at not less than 40 percent of {ts rated caracity to achieve good
efflclency and to 2infnfze maintenance requirements,

Exhthit 5-2 is a yraphical representatton of the speration of a PV/ battery/
diesel power system supplving a tweaty-four hour dafly load. In general, the
photovoltale array operates the lnad during the day and the diesel operates the

load during the night. Polnts "a” and “b" represent changes in the principal

17
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power supply source; from diesel to PV/battery {n the mornlng as array out put
increases, and froe PV/batrery to diesel in the evenlng as array power decreases.
The change in power supply cvan be gradual by “fntegrating” or combining pv/
battery/diesel power to supply the total load, or {t can be distinct by
effectively operating the equipment as separate power supplies, PV/hattery

and dtesel,  Both are reasonable operating methods.

A fully "{ntegrated” power system provides for the maximum flexibllity in
operating the system. It requires a "smart” power system controller which can
fdentify and compare varfous operating parameters relative to the Ppv, battery
and diesel power systenm and determine when to start the diesel, at what power
level {t should npvr;tn, and what {s the optimum use of PV power at a given
point fo time. The avat.iability of such “smart” controllers In the commercial
market {s relatively vecent,

A simpler control method is to operate the pv, battery and diesel as
independent power sustems. The KV oarray and battery provide power to the loads
for a specific time faterval or until a specified minimun battery charge level {is
reached, At this time the dtesel starts and takes over the ice making load.

Any Temaining array pover {s used to recharge the battery bank., Diesel power

fs dedfeated to the fce making load and does not concurrently charge the battery
bank.  Power supply {s switched by power relays and can be specified to be
manual or automated, to prevent load operation interruption. Coumercially
avatlable controllers can perform as a “basic” power systew controller with

the addition of a time, current, or voltage sensor and “remote start” relay.

Issues such as proven relfability, efficiency, cost and maintainability
should be constdered when evaluating the power controller design, In addition,
the Statement-of-Work will provide typical daily power curves to simulate

operational concepts specific to the control design.
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5.3 System Configuration

The Field Test #6 Application Review discusses the attributes and liabflities
of AC versus DC svsren confivarations and plate versus flake ice production.
The preliminary concepreal svsten sizing and desipn fn that document fs based
on a DC systen that produces rlake fce. A DC desien {s encouraged In order to
maximlze the . ficiency and reltabilty of the PV power system. In addition,
flake fce presents a continuous load ta the power System,

In the finel analvsis, ft {8 recommended that the system design be left to
the bidding contrictor, f.e., either an AC or DC power system that drives an

“

tce maker producing flake or place {fce. Evaluation criteria and system acceptance
test requirements that specify minimum acceptable system reliability and opera-
tloaal methodology must be clearly stazed fn the Statement—of-Work.

fme possible candidate conceptual destgn, described in the following
prragraphs, Inelodes desion and sizing constderations for efther an AC or DC
svitem prodncing plate or flake tce.  The system layout with the various equipment

options fs shown [n Exhibic 5-3,

e3.1 Power Svstem

A sfzing analysts for the major components of the PV/Diesel lce Making
plant was perforned (o the Fleld Test #6 Application Review. A DC power system
and flake ice naking loads were used to achieve higher system reliability and
energy efficiency over an AC power system design and wore conventional AC
loads. The principal advantage of a DC power system Is the absence of a stand-
alone DC-AC inverter. Professional opinion (NASA, Solarex) on the viabillty
of stand-alone ifnverters supports the conclusion that fnverters dare to bhe
avoided Lf at all possible. 1t is {mportant to realize, however, that a DC

system {s uncommon, which mav prove to be disadvantageous when the realitles of

the industrial marketplace are constdered. It is possible that manufacturers
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o Deep discharge batreries aesigned for vhotovoltaic applications.
The solid state contraller s desiyned to provide cfffcient power over a
wide range of operating conditfons. It must be capable »of handling voltage

between 210 and 260 volts and current between 0 and 110 anps,

5:3.3  Dlesel Generator Power Subsvsten

The Generator set (Genset) must be at least 25 kW capacity to handle the
compressor load for the {ce maker. It is fitted with a conventional 50 cycle
fenerator capable of 220 volts. Almost all of the major diesnl generator
manufacturers have engines ia rhis size class. For a DC power system, or for
Internittantly charging the batteries in an AC system, a battery charger is
specified for the application,

The slze of the dlesel fuel storage tank should be determined by the fre~
quency at which resupply can be expected.,  The fuel consumption of a 25kW
dlesel s 1.94 gallong per hour. A two-week supply of diesel fuel, permitting

24 hour continuous operation during the period 1s recommended. This requires a

1230 Iiter (325 gallon or 1.23 cubic meter) storage tank.
i

5.3.4 lce-Making Equipment

A thorough discussion of the attributes of each type of ice (flake, block,
and plate) fs presented {n the Fleld Test #6 Technology Review. Ice making is
a mature Industry in Whiich auny companies have literally scores of years of
experience, The prime operating specificatton for this application is that the
fce maker be able to produce six tons of ice per 24 hour period and have a storage
capacity of 10 to 12 tons of fce for three days. The use of flake or plate ice
does have {mplications in the power system design (on-off cycles versus a more
continuous leoad). This will impact system relibility and maintainability,

The {ce maker requires a condenser to transfer heat from the refrigerant,

thereby condensing the refrigerant (usually freon). The mechanism for this
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part of the cycle consists of a heat exchanger, plumbing, a fan, and pumps for
the refrigerant and water. For thls application the loads would consist of:

T Hp Fan Mooy

1/2 Hp Water Pump

1/2 Hp Refrigerant Pump

This poswsible conceptual system design assumes potable feedwater. However,
apart from the questfon of potability, water must be pumped from the source
Lo a temporary storae tacility and then be avallable for the ice maker. The
water supplv system should he capable of punping 8 cubic meters of water per
day and have a storaye cavarcity of about 20 cuble meters. The pumping load for

~
this water supply 1s miaimal when compared to the total load demand.

.45 structures

Structures are required at the site to houge system components, A main
control bufliding to house the tnverter, the battery bank, the {nstrumentation
system, and the esntroller §s required., The batteries will weigh nearly 12,727
wllowrans (28,099 pounds) and vecupy a volume of nearly 8 cublc meters. This is
a floor area of 13,927 (150 1e2).  Access to the briteries (for maintenance)
requires about the same area, 0Other cquipment will require an additional 9,2m2
(100 ftd). The total area of the main control building i{s therefore approximately
V7.2me (40 £e2),

The room contalning the battery bank must be sealed from the other parts
of the butlding. Venting from the top of the room must be provided so that low
density (explostve) hydrogen gas is allowed to escape before it becomes a
safety hazard.,  Sealed batterles are available, but venting is still a good
safety precausion,

A diesel generator building with a concrete floor appropriately supported

for vibrat{fon is required. The location should be downwind from the ice-making
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plant to avold fumes and to minimize noise for people who work near the {ce
plant or the centrol room. The building must be constructed so that a supply

of alr {s avatlable to the ensine and the exhaust can be veuted to the atmosphere,

5.4 Systen Performance

The technical performance of the py/diesel pawer evstem {n the field will
be ncasur.d by an on-site data acquisition svstem (0ODAS)., For this document
System performance was simulated using the PV F-Chart conputer model to
determine the expected monthly and annual energy production for the py array
and the resultant diesel eneryy required o satisfy the 420-kWh per day load
demand (tor detatls see the Field Test #6 Application Review and Appendix C of
that document),

The major components and assumptions for the performance modeling are as
tollows:

Components

PV Array 35 kW

Battery Storage 233 kWh

Diesel/Generator 22 kW

[ce Making Plant 6 ton/day (5.5 tonnes/day)
berfornance Assunptions
!. Array reference performance data s for polv-crystalline silicon.

2. PV F-Chart s used to determine pv operating efficiency and average daily
fnsolation on a monthly basts,

1. Battery losses are estimated to be 3 percent, based on 15-20) percent of
the energy passing through B9 percent efficient batteries.

[N Power conditioning losses are 5 percent,

5. Olesel operating erfictenny, L.e., fuel to electricity conversion, is 20

percent,

h. The energy content of diesel fuel s 1.3 kilogram-calories/liter (140,000
Bru/gallon).

To compute the total energy from the PV array, the average daily array

operating efficlency is multiplied by the average daily {nsolation over each
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month, The result is oultiplied by the number of days in a particular month,
The diesel gencrator contributinon {< the ditference berweon 420 kWh per day and
the wtlowise-hours produced by the PV oarray.  Exhibit 5-9 tabulates the resulting
values,

The annual eneryy production values provided in Exhibit 5-9 are calculated
based on average dafly array efticiency and f{nsolation. py FCHART predicts a
35 kW array will provide 19.6 percent of the annual energy demand or 60707
rflowatt-hours, The slipght difference {n total annual energy production shown
fu Exhibit 5-9 (¢ primarily due to datly average computation versus hourly

AVerpe,
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Energy ENERCY PRODUCTION

Dezand 420 kWh/day (kWh/Day)
PV Battery Power
Oper. Lossges Cond. Ingolation 354m2 (35 kW)
Month Days/mo. Eff. (1-2) Eff. (kWh/day) PV Array Diesel
JAN 31 .08 .97 .95 5.5 143 277
FEB 28 -C79 .97 .95 6.4 165 255
HAR 31 .077 .97 .95 6.7 168 252
APR 30 .076 .97 .95 7.6 18¢ 232
MAY 31 .075 .97 .95 7.5 183 237
JUN 30 .074 .97 .95 7.9 191 229
JuL 31 .073 .97 .95 7.9 188 232
AUG 31 .073 .97 .95 7.6 181 239
SEP 30 .074 .57 .95 7.0 169 251
oCT 31 .075 .57 .95 6.5 159 261
NOV 30 .078 .97 .95 5.6 142 278
DEC 31 .080 .97 .95 5.0 130 290
Yearly Eaergy Production (kWh) 61089 92211
Yearly Diesel Fu=l (gallons) 11237

Exhibit 5-9 .
PV/DIESEL ENERGY PROBUCTION DA TA
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APPENDIX A

Insolation (Source: Publighed research by Dr. Mossallan
Shaltout of the Egyptian Meteorological
Authority)

Horizontal Giobal Average Dafily Insolation

EL FAIYUM EGYPT LAT=29
SOLAR TEMP REFLEC*
(kWh/dey) °C
JAN 3.8 15.2 .20
FEB 4.9 16.2 .20
MAR 6.0 18.6 .20
APR 7.4 22.2 .20
MAY 7.6 26.1 .20
JUN 8.1 28.7 .20
JUL 8.1 30.2 .20
AlG 7.5 29.8 .20
SEDP 6.7 27.4 .20
0CT 5.2 25.4 .20
NOV 4.0 21.2 .20
DEC 3.4 16.3 .20

* Egtimated for sand

Aohient Temperature (Source: El Giza + 2 degrees Centigrade)

MONTH MAX MIN MEAN
JAN 22.2 8.1 15.2
FEB 23.7 8.6 16.2
HAR 26.4 10.7 18.6
APR 30.7 13.7 22.2
MAY 34.7 17.6 26.1
JUN 36.8 20.6 28.7
JUL 37.8 22.5 30.2
AUG 37 22.5 29.8
SEP 34.4 20.4 27.4
ocT 32.6 18.1 25.4
Nov 28.2 14.2 21.2
DEC 22.6 10.1 16.3

Hater Temperature (Source: Rafik Georgy, based on FRDA data)

8 - 28 Degrees Centigrade

A-2
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INSTRUMENTATION REQUIREME ITS
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Output Signal Interface

Memory: Capable of storing at least 3000 dara points per day for a period
of one month (two nonths desirable)

Display: A visual ditplay of stored data is required un-site for data
verification bSerore daty removal

Peripheral Interface: Downloading of data at the site should be by physical
removal of the data storage device or simple,
reliable data downloading to a non-volatile storage
device. Storage data files shall be IBM-PC compatible
on floppy disc efther directly from the data logger
or through a simple, fast, reformatting technique,

B-4



FIELD TEST PERFURMANCE MONITORING DATA REQUIREMENTS

Field Test 46 (PV fce-maring)

Channel Out put
Parameter Type Interval
‘rray Power (kW) p 10 min.
array Voltage (volrsg) A 10 min.
Array Current (Amps) A 10 min.
PV ref. cell tenp.

(2 or 1) (°C) A 10 min.
Diecel Fuel Usaye (Liters) A Daily
Nesel Power (kW) P 10 min,
Dlesel Number of on-off

Cycles P Dafly
Diesel Voltage (volts) A 10 min.
Diesel Curr:nt (Amps) A 10 min,
Battery Charcge and

Discharge Current (Amps) A 10 min,
Battery Voltage (volts) A 10 min,
Battery Temp. (°C) A 10 min.
fce Maker Water Flow

(l.iters) P 10 min.
Water Inlet Temp. (°C) A 30 min.
Tee Maker Power (kW) P 10 min,
fee Maker Voltage (volts) A 10 min.
Tee Maker Current (Amps) A 10 min,
* Desfred but not required.
ﬂ?[{OTQIQK}Eﬂ} §;ation

Channel Output
Parameter Type Interval
Horizontal Insolation (kw/mz) A 10 min.
Plane of Array Insolation

(Lf appropriata) (kW/ml) A 10 min.
Anbient Temp. (°C) A 30 min,
Humidity (%) A 30 min.
Air Pressure (kgrma/nl) A 30 min,
Wind Speed (m/sec) A 10 nmin,
Wind Direction (degrees) A 10 min,
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