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ABSTRACT

Unique solar powered air conditicning systems were developed
and have been demonstrated. Development included soclar powered
absorption chiller, flate plate collectors to operate the chiller,
systems engineering and control strategies and systems,

During the last two years a large demcnstration system has
been designed and installed in the Haim Shebs Medical Jernter at
Tel Hashemer,; Israel, 200 ton chiller {at ncminal conditions)
which was developed by TADIRAN/ASD, 3,000 sguare meter flate
Plate cellectors, znd microprocessor based conirol syshems were
designed and installed. The system has been integrated with the
conventional based chillers c¢entral machine rooz in order %0
supply chilled water to the medical center. The syster ig
considered to be one of the largest in the world,

The purpose of this paper is to present syst
optimization strategies, which lead to maximizing
saving versus carital investment.

e and concrol
in energy cost

1. INIRODUCTICON

The purpose of the project is fto demonstrate the operation
¢f the technologies - machines and collectors - and *he cverall
systenr concept,

Special effort was directed tec the development of overall
system integration.

The purpose was to come with concepts which define the
overall system ccnfiguration and control methodology in order
to use the system at high efficiency.

Existing projects and literature surveys and case studies
showed that solar powsred air conditioning systems integration
have a great effect on the economical efficiemcy of the %he
Systems. These surveys also showed that in many cases very
sophisticated systems were applied in order to use each main
equipment (cooling machine, collectors etc.) in the most
efficient way in short veriods of time.

*TADIRAN/ASD (Israel Elsctronie Industries/Applied Solar
Devices Group).
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However, these approaches have led to an increase iu the
initial cost. On the other hand, utilizing advanced equipmant
(cooling machine and collectors) which have relatively high efficiency
in over simplified approaches, misses the potential of utilizing the
technologies in a high efficient way from an economical point of view.

In {he said projeet, and based on the development effort,
investigations into many alternatives and cases were done. 4s a
result; a relatively simplified system integration approach has
been implemented. According to this approack the potential to
achieve esconomical benefit as a goal is great,

The purpose of this paper is %o present systems and control
optimization strategles whieh were considered in the project inp
order to achieve this goal.

The optimization strategies were related to the fellowing
subjects

* Overall system configuratior concepty
" Determination of the solar system collector array size.

* Determiration system control and operation,

Tt has to be emphasized that amoptimization approach in this
project was not based on pure analytical systems {static and dynamie)
optimizaticn technigues, but on practical engineering approaches
which were based on practical systems experience, systems investigae

- tion, engineering judgement and basic ¢aleulaticns and system analvsis,
and intuitien., So, there is a place to extend this project andé to
do more analysis work in order to fird the optimal system based on
pure analytical systems optimization, (static and dynamic) and %o
compare the results of the twe asproasches.

2. OVERALL SYSTEM3S CONFIGURATION CONCEPT

Tyrical central large size sclar sowered air conditicning
concepts are showr in Figure Ne, 1.

This type of configuration is zopular due to the fact that
it enables use of several modes of operation
ard also because it applies to several piping loops
based on primary/secondary looping auproaches which make the
hydronic system design relatively simple, '

mp

However, this type of configurstion reguires a lot of acceszories
such as pumps and control valves which increases the complexity cf
the system and its cost, thus reducing the notential economic benefit.

In additicn, when the backup boiler operation is reguired, due
to relatively low temperature of water coming from cellectors, the
efficiency of collectors reduces significantly because the backup
boiier raises the hot water temperature coming into the collectors.

In order tc achieve maximum potential econimical benefits,
several basic ccncepts have been developed. These concepts are
defined in a simplified system configuration approach, with a
high degree of flexibility and additicnal modes of cperation,

Figure No. 2 describes schematicaly this configuration.
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The advantages of this configuration is :

* Iess accessaries (such as automatic valves and pUBDS ) §

4 Higher efficiency due to the following fact

Additional modes of operation such as :

* Supplying of hot water from collectors directly %to the
cooling machine when it is preffered, and not through
the storage tank as usual. This connection enables
simultanecusly adjusting the storage charging and
required hot water temperature to the cocling machine,

* 1Integration of additional backup generator in the cooling
machine enables a suprly of hot water from the backup
boiler with minor effect con the hot water loop cornected
to tue solar collectors system.

%, DETERMINATICHN COF ENERGY AND ECCKOMIC FEASIBILITY

Determination of energy capacity of the selar collectors
arrayes were based on the performance of

¥  TADIRAK/ASD collectors:
* Ccoling load:!
Weather conditions(radiation, temperature ete. )

“ The performance of TADIRAN/ASD collectors was achieved
due to czlculstions and standard experiments (accoerding
to A3HRAE, Weizmann Institute, etc,.)

* The cooling lozd was estimated as 200 tons of refrigerziion
approximately, This assumption was based or the faect *fhat
the total cooling load of the medical center has become
greatesr with time to a relatively high level, thus largs
variations in the total cocling load would cause mincr
variations irn the cooling load of the solar machine.

Three stages were considered in the determination process -

First Stage - Calculations of the tilted angle in order to
achieve the mawimum energy capacity from the ceollectors. The
calculaticns were based also on the cutside air temperature
rrofile, collector inlet temperature profile and solar radiastiorn
profile. ’

Calculations of the general osrocedure is represented in
Figure HNo. E'Result% are represented in Figure Ho. %4, The selsctad
ilted angle was 167,

Second Stageou Determination of the size of the collectors

array based on 156 (tilted angle) and or the 200 ton cooling cepacity.

The determination crocess includes calculations of solar energy
collected by 2,00C sa. metres; 3,000 sq. mektres; 4,000 sq. metres:
5,000 sg5. metres; 5,000 sq. metres and &,00C sg. metres sclar
collectors array.

Figure 5 presents hourly ave "zge energy collected on a typical
day .
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; Third 3tage - At tris siage econmomic c¢alculations were done
in order to define the cptimum ceollectors area and to select the
sroper area., The calculaticns were based on the emergy cosi saved
by the collector array on one side, and on ithe system cost on the
other side {including collectors, cooling machines, storazge, pipes,
sueps, valves, infrastructure electrical control, and instrumenta-
tions). Energy saving calculaticns were done for each aresa defined
above (2,000 to 4,000 s4. metrs). The procedure is described in
Figure Nz, &,

The resulis are presented in the grzph in Figure Ko, 7. The
sraph shows that the opiimum ares is between 4,000 and 5,000 534
metres. This is based on the assumption of consztant cooling load

{200 ton)., Since to~-day the cooling load is not constant, a sube
cptimel size was selected with the option tc¢ be extended in the
future.

n

The size of the storage is used now ¢=*néy for dumping aud
testlhg. Increzsing the collector arrayss size will increase the
apaeity of storage, and to lower payback wericds,

4%, SYSTEM CONIRCL AND GPIHRATION
CPTIMIZATICHN

System cperation research,

‘ Dlassificaticn and selection of usrcper coatrol
system (modes of operaticn; specificaticn of
hardware znd scftware: installation; ex.erimentatiorn
and modifieation),

R - — T TS . M T - LN s e o e mr - — e

crmance maps of the solar systerxr comgonents
tively in Fizure Nc. 3. It i :

ne collectors decreasesz wit
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hot water .
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Figure No. 10 presents arguments in the cooling system which
affect alsc the optimal Control probvlem.

The performance ¢urves of the conventional type centrifugal
cooling machine which was installed in the cooling system in the
medical center, shows that in the case of both machines,when they
are cperated simultancusly, the efficiency of the conventional
cooling machine may decrease when all the energy collected by the
collectors is suppliedto the solar sowered cooling machine, and
may increase, if part of the collected solar energy is supplied to
the storage. In this case, more electrical energy is reguired
which is consumed at 2 higher efficiency,

Other optimal control problems exist due to the connectiorn
of a sclar gocwered machine to another machine in the chilled
water lcop, i,e. parallel or series, and due tc the effects of
electrical energy consumed by the pumps.

Preliminary Operation Research
Preliminary operation research is presented in Figure No. 11.
The figures shows that control optimization based on energy cost
saving, may lead to maximizing cf sconomical benefit rather than
maximizaticr of solar energy cocllected,

Classification and Selection of Proper

Bl D R R e L T

Control Systens

I S e

4]
o
o
B
n
?

Figure No. 12 gresents classification of control sy
conventional based and cptimal.

Due to the time limitation of the project, conventional
controel functions ware selected. However, szince maximur modes
r

of operaticn have been integrated, and since micromrocesso
based crogrammable logiec contrel system has been applied, I
is sossible to modify the control according to accummulated
test results. This is sccerding to the flexibility of the
logical systems whick snable also ust zut ticaly
femseratures set voinits. (eneral 5 snown

in Figure No. 12,

Currently a multipcint datz acquisiticn and recording
systems are being installed and czlibrated. According to ihe
data whieh will be accummulated during the fcllowing, years,
reguired activities will be defined later whnick may imgprove
and optizmize the overzll integrzted syster con

The development program was sponsored by the Israeli
Ministry of Energy and Infrastructure.
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PROJET DE DEMONSTRATION DE CONDITIONKEMENT D'ALR SOLAIRE EX ISRAEL OPTIMISATLON
DE LA CONCEPTION DE L'INSTALLATION ET DE LA REGULATION

RESUME : Des systémes de conditionnement d'air solaire originaux ont Eré réalisés et
testds. La réalisation portait sur un refroidisseur & absorption & dnergie solaire,
des capteurs plans pour fzire fonctiommner le refroidisseur, 1'ingénierie des systémes
et des stratigiss at systZmes da régulatien.

Au cours des deux dernidres annfes on 2 congu un grand systéme de dimonstya-
tion ef on 1'a installé au centrs médical de Haim Shebsz & Tel Hashomer, Tsrael.
On 2 réalisé et installd un refroidisseur d'une puissance nominale de 696 kN mis au
point par TADIRAN/ASD, des capteurs plans de 3 000 m?2 et un systéme de régulation
par microprocesseur. Le systdme &z gt intégré dans lz salle des machines centrale
habiteelle pour les refroidisseurs afin de fournmir de 1'eau glacZe au centre
médical. Ce systdme est considérd comme 1'un des plus grands du monde.
Ce rapport a pour but de présenter les stratégies d'optimisarion des
t régulations actuels permettant d'&conomiser le slus possible sur le celit
ie en fonction du cofit d'investissement.

— 113 —

(=



