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2-Lixperimental :

The bentonifes used were from two deposits (Maghnia and Mostaganem ) in western
Algeria, and weie obtained from ENOIT (- Algeda ).One sample was Na,COy activaled in plant
by drv method and was used as received. Other ones in different saturated forms i.c.Na', Ca*
and 1" forms, were prepared from < 45 pu fraction obtained by screcning, this fraction
conlained essentially the ;montmoritlonite and it is prelemred than < 2 pum fraction, because it is
available commercially,

Na -or Ca - saturaled forms were obtained by fowr limes treatment with 1T M NaCl or CaCl;
solution and subsequently washed with distillated water until I'ree €1 ions ( AgNO; test ).
Saturated form was prepared ftom Na saturated bentonite by treatuent with 0.1 M 284, at

98¢ C, durdng four hours with stirring. Aficr what bentonitc was separated by filtration and
washed five times with distilled water and dried.

Sodiunm dodecyl aryl sulphonale was ninufaciuced by ENAD ( Algetia ) as paste of 50 06 Wi
SNDABS or in powder form as Ca, 20% SDDRS. Sodium dodecy] sulphate. Cetyl trimetyl
ammonium bromide and polyethoxyl nonyl phenol were purchased, as > 98 puie, and were
used without further purification.

2.1-Adsorption measurement :

Adsorption data for anjonic sutfactant wei > obtained by dispersing 0.4 g of bentonite in
100 cm’ solution of varied concentration from 0,304 10 3.48 g.dm™ for SDDBS and from
0.086 10 2.88 g.dm3 for SDDS. The choice of these ranges were preferred for determining the
influcnce of CMC on adsorption. Solution were shacked mechanically at room temperature for
five hours. filtered and residual concentration of sortactant  was  determined
spetrophotometrically using methylene blue method according to Rodier 1980(3).
For determining the cationic and nonionic surfactants adsorption isotherms, various amounts of
bentonite from 0 to 1g were dispersed into 250 em’ Hasks hiied with 100 cm’ portion of
2 gdy * CTAB or polyethoxyl nonyl phenol solutions. 1lasks were placed in mechanical
shaker during five hours. ARer which solid was separated and surfactants concentration in
residual solutions were determined spectrophotometrically using an anionic colorant ( Heliantine
). as indicator for C'TAB detenmination at =508 nm .and iodo-iodide as complexing agent for
nonionic surfaclant at =500 nm ( Rodicr ) .
Adsorption isotherms were obtained plotting the adsorbed amount ( g ) evpressed in mg
surtactant per g adsorbent, as a function o cquilibium concentration in gdm™ . Adsorbed
amounts (q) were calculated according (o the following relation :

q = (Ca = C¥F) Vim
Where:
Cy = initial concentration g.dm™
C " = cquilibrium concentration g.dm™
m = masse of adsorbate g
V = volume of solution ml

-1
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Fig. 5: Advorption ksotherms ol non lente snrfactant_onto Na- and H-henfonlte

Naghnia Mostaganent

3.3-Nonionic surfactant :

Figure 6 shows two isotherms for poly cthoxyt nenid phenol on TI- and N

a - bentonite, The

greater uptake on IT -bentonite is difficult 10 explain. Maximum uptake registered on both cases

were 70 and 110 mg surlactant / g Na - and 11 - hentonite respectively.

Owing to formation of cmulsion at higher suilactant coneentration, other pomts could not to be

obtained,
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OPTIMAL CONTROL :
APPLICATION TO THE VEGETATION
DYNAMICS

J-P.LEYRIS* B.NOUMARLE*

*IMP/CNRS - Universily de Perpignan
52,Avenuc de Villeneuve
66860 Perpignan Cedex, FRANCE

e-mail :leyris@univ-perp.fr - c-mail :houchra@univ-perp

ABSTRACT :This report is focused on the determination of an optimal control which makes a
lincar distributed system spreadahle. and brings solution close (o a desired state. Our approach
of the problem gencralizes at two dimensions the work recently realized on the analytic study
of the same system in the onc dimensional case.

In the first part we will remember mathematics foundations of the spreadability concept. We
will present this concept in a gencral [ramework. This will lead us to deline the spray control
and the motivations that have incited us to introduce it. Then we will present the discretized
formulation of our problem. And finally we will give results of simulations in the case of the
the vegetation dynamics.

These simulations have been undertaken with the help of a numerical tool based on the finite
clements method. They show the cvolution of the solution and the applicd control versus time.

. INTRODUCTION

The vegetation is a [undamental component for the balance ol our ccosystem. Its evolution
‘an strongly condition the lifc of men in many regions of the planct. Scveral recent studies have
xeen developed in this arca, on thematics concerning biology, chemistry or gecophysics.

Our approach in this work is first of all 1o give a gencralmodclling of the process, then o study
he influence of acontrol oo its dynamics.

We can consider that the development ol the vegelation density (biomass) is a both temporal and
spacial phenomenon. Indeed, il we consider cach individual scparately, its growth is local, and
fepends only on time. It is conditioned by the cnvironment paramcters such that climate
sharacteristics, ground propertics or vegelation, But there cxists also a spacial expansion for a
rroup of individuals, due for cxample Lo process induced by the regional topography of the
niddle, or the influence of the man or animals.

n the present work, we focus our attention on the determination of an optimal control making the
studied system spreadable and the solution close o a state desired. Our approach of the problem

643



generalizes 1o two dimensions a work recently realized which has ended (o analytic formulation ol
the one-dimensional control |vél. 1.

We will give first of all the dillerent mathematics concepts ol the spreadability notion. Then we
will remind the model that formalism our system. Last, we will be interested in the caleulation of
the control. In the case of a bidimensional arca, the analytic expression ol the Tormer is delicate t¢
estihlish. Our approach will be therelore purcly numerical. Finally we present some results o
simulatinns applicd on the vegetation dynamics. The numcricat ool (S1C :Sysidme Interactil of
Conception) is based on finile c]mn"nls methods. We show (he evolution of the solution and the
applicd cont : sir influence « i

the system.

2. CHARACTERIZATI®N OF SPREADABLE SYSTEMS

We are going first of all to summarizc mathematics foundations that cxpress the spreadability
concepl ol a system.

2.1.  Concept of the spreadability

Let us consider a distributed system (S) delined on an arca €. We suppose that the state of the
system is defined by :

(x,y) € Q are (the space variables,
G:Gle, v, Gowhere 120G, is the time variable, (n
i is the initial data,

Is P a property acting on values ol G and  consider  the  family ol subscls  sucl
that @, = {(x.y‘) e/ Gix.y, t.G,) = plx, .\')}. These  subdomains  constitute  subdomain
where the state satisfics the property P at time (.

Atthe initial time 7, we have @, - = {( ) e/ G 1, = p(.\‘,,\')}

Definition | :
The system (S) is said P - spreadable from @, during the time interval | = |I,,,T] if the famil
: n of -

(®,),., isincreasing :w, ¢ @, Vs el suchthal (€

In others words, the system (8) I P spreadable il the property I' increase progressively on th
arca Qduring the time interval 7. In the practice, however. some dynamic systems do not verif
this property and the condition of satislying the constraint G(x,y,0) = p(x, y ) over the curren
subdoimnain w, sccins o he o stong and involve some dilficulties in the analysis Morcover,
weaker assumplion is more realistic so will he introduced the notion of weak spreadability and thy
following delinition is adopted.

2.2. Wealk spreadability
Definition 2:

A svstem (S) ic cird weakly _P-\‘,)I'm_u_/qb/(‘ with the tlerance ¢ from a, onto Q rlu/ing the tim
interval 1 =0, 1| if there exists a fumily w,),., of subdomains of Q satisfying the followin,

properties :

YA



L @, =w,
2. m,cwo, VYslelli<s
3w =Q

<e Viel
1>

4. “X",‘ (Gxovat) = plx,y))

J | if (x,y) € B,
Where, Yq (x.y) = l 0 il (xy) ¢ @,
Ny t

2.3. Spray control

A system is not always, in il cven, sprcadablc. Nevertheless the application of a control can make
it sprcadablc. A such control is characterized, among others, by the fact that its action is
applicatcd on subdomains that cvolve wilh time. Recent works have shown [ré[ 1], for a simplc
onc dimensional systems, how this control could be characterized analytacally.

In our casc, the modcl is bidimensional, and its geomelry can be complex. Also, we have been
interested in the determination of the optimal spray control by a numerical approach. Our
objective will be to minimize a criterion of classic quadratic type whosc formulation is :

. .
JU)= 0[1] (G(x,y.0) =G (xy) dadvldi + R[1 [ (Ux.y.00)" dadyldr (2)
o 0

The first term of the criterion represents the precision, it is (o (cll the gap between the solution at
the time L on oy and the state desired on this samc area, while the sccond one represents the cost
ol the control, at the sameinstant and on the even subdomain.

This control will have for function to allow the system (S) to be spreadable on the totality of
during the time interval |to,14]. The action is applicd on all points of subdomains  of the arca
Q. So as to simplify our problem we will impose the evolution of these subdomains. Thus it
being able to speak about an adaptatif spreadability that rejoins the regional control concepl.

3. Vegetation dynamics

Since a [ew ycars our group has hcen interested in modelling processes related to
environnemental systems, and more particularly of (the vegetation ones. Its development is purcly
of spacc-time type, and (he competence ol our laboratory in the distibuted systems arca lagely
cstablishcd. We can consider that the biomass development dynamics is governed by two distinct
processes. The first one conserns the local growth, the sccond the spacial cxpansion ol the
vegelation represented bye a distributed model. It is the combination of this two phenomena that
makes a vegclation spreadable on an given arca. This process will be interpreted by the space-Lime
modcl.

3.1. Model
This modcl involves two type of dynamics. The first onc shows the vegetation growth under the
influence of the water cycle in ground, plant and atmosphere interfaces. This growth depends on
ground characleristics, considered vegelation type and atmospheric conditions. The walter and
cnergy balance allows Lo write the model under the next form
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-’—zkﬂRnt’](l_e_'f”)d)w_kdB
M “an 3)
7 =k, Pt)y-¢ . B-k, H
ol

B :thc biomass dcnsity.,

H  : the ground humidity.

P(t) : the rainfall.

(pgy - the flow of waler through the continuwm ground - plant - atmospherc.

On the other hand the spacial cxpansion of the vegetation is represented by a distributed model.
We will tell that a vegetation could growth in a given point of an arca €, il in this point, the G
property that we will call "development state” exists and is different of zero. This developrment
state depends on varicd and numerous lactors @ topology of the arca, that makes that the

vegelation propagates differently on hilly or lat relict, seeds transportation by he wind or
animals, man influence, for cxample by actions ol clearing, cte...

Wec have supposed that the modcl translating the property G is described by a sccond order
conduction - diffusion equation.

We delined a system (S) and a [inished arca . The analytic expression ol (S) is the following :

2G - )
57+ KAG+ V .gradG=(Q on QxT
s 1 G, on @, ; 1
sV, 0y) = "t =
(3) 1G(x.y.00) 0 elscwherc o te “4)
2 G
a—;l' =0 on 2

with

V  : the speed of the property.

K : the diffusion coefficient of the property.
Q : thecontrol.

The difficulty is to find analytic expressions [or speed and diffusion coefficicnt. These two lerms
depend on space and time, and have (o represent the dillerent influences that we have introduced
above. We cutrently work on models being able to represent these elements. Otherwise, they will
be ablc to be obtained by validation on experimental measurcs. Finally the space-time modcl will
he represented by this onc obtained by coupling the two previous systems. So we will have taken
into account the part concerning the growth of the plant (T) and the spacial expansion of the
vegelation (S) . Therclore the obtaincd model will symbolize the vegetation dynamics on which
we can cnvisage a control. The control on the vegetation development is complex. In our
approach, it can be cnvisaged on the local growth, it is to tell by lavoring the individual
development, or by intervening on the spacial dynamic. That is what we are going to do in the
continuation of this work, by supposing that we arc going (o apply an action so as to arrive L0 a
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ontrolled spray of the G property, and thercfore of the growth support . The initial subdomain is
), € Q soas @, = {(,x,y)e Q / G(x,y,t,) = f(x) given }

. 1 on @,
nd the control Q(x, y.0 =g, (x, VU with ¥, (x,v)= 0 elsewhere
' (] \v, '-

“his show that the control is applicd on the subdomains ¢, during their evolution with time.

it Numerical methods

4.1.  Minimization of the criterion discretized

‘o study the system (S) of a numerical viewpoint, we have becn brought to discretize the
juadratic critcrion J(U) in time and space :

T T
V) =023 (Gley.)=Gylx,y.)'+ RY.Y, (Wxy.n)’ (5)

0 o, 0 w

vhere, T is the duration of the simulation.

o, is thc subscts that cvolves in time.

Q and R arc matrices, allowing Lo allocatc more weight to the precision or to the
ontrol cosL.
[he minimization of the criterion must be undertaken on a fixed temporal horizon[to,t(], with the
1im to bring the system closc Lo a desired statc Gp,. Thus arc formulated in the criterion expression
wo optlimization problems :
» The precision on the state of the system
» The amplitude of the control.

4.2. The numerical tool

“or the calculation of the quadratic criterion we have used a numerical tool SIC, a software that
illows to solve dynamic models, with two or three space dimensions and partial differential
quations. Used numecrical technics are based on the finite elements method. This software has
reen initially conccived to resolve mechanistics processes and associated disciplines. Therefore to
wdapt it to our problem, we have modily some subroutines and crcate others to be able to take
nto account all the terms that intervenc in our case, (for example the conduction part in the
vartial differential equations that did not figurc in our version of SIC, or the notion of arca
lisplacement).

Che steps of numerical calculation ending to the optimal spray control comprises scveral phases :

he first one corresponds to the dilferent data initializations of the preblem namely the definition
of the initial arca oy that is going o cvolve in time following a descriptive function that we has
delined, the desired stale profile Gp(x,y,t), and an initial valuc of the control Uq(x,y,0) then arc
made buckles of the quadratic criterion caleulation, and so of the gradicnt by the finish differences
mcthod finally we proceed to criterion minimization.
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SIMULATIONS

5.

Stale G(L ) State Gt WD

Control Ugp(t ) Control Upy(t,)  Contrel Uyp(t,)  Control Ugp(t )

figure 2 : Examples of vegetation spreadability under optimal control

In these simulations we can sce the evolution of the G-stale versus  time (T=4 steps [or timc)
{hg. 2], under the influence of the optimal control cvolving during  the time (Uopl- This is to 1cl
that if we want to arrive ncar the desired state Gp  (Gp =10) we nist apply, at cach time t, (he
control Ugp(L).
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SPATIAL MODELISATION OF A FIXED-BED DEPOLLUTION REACTOR
(ANAEROBIC CARBONACEOUS-NITROGENOUS DEPOLLUTION)

LEric ASPERT, Charles CHAUSSAV OINE
IM P/CN.R.S.
University of Perpignan
32, Avenue de Villenenve
663860 Perpignan Cedex:
FRANCE

ABSTRACT

The purpose of this study is to modelize an anacrobic fixed bed digestor in which two
stages of a depollution process are coupled : methanization and denitrification. It is not
possible to consider the bioreactor as well-mixed. Indeed, the bacterial growth and the
competition between the different species can clog the process. We take into account the
spatial distribution of the different substrates and products. We write and solve a model to
simulate the working of the process and we try to estimate the effects on the behaviour of the
digestor. Another aim is to locate the best positions for the sensors, that is: optimizing its
working.

1. INTRODUCTION

There are a lot of depollution processes. The use of biofilters seems to be more
interesting than the processes using activated sludge. Indeed, these installations are more
compact, use less energy and throw out less waste such as sludge : they are more efficient. The
biofilters are anaerobic fixed-bed reactors. The biomasses settle on a granular stand, degrade
locally the pollution and filter the wastc. FHlowever, this filtration can clog the biofilter that is
require a periodical cleaning. In the same bioreactor, there is a processing of different
depollution stages, that is why we need many bacterial populations which compete each other
ref.(1). Then, we observe a stratification in the bed. Therefore, it is not possible to consider
this reactor as well-mixed. The purpose of this work is to write a model which takes into
account the spatial distribution of the concentrations. We try to evaluate the effects of these
spatial non-homogeneities.

2. MODELISATION

The researchers of I.N.R.A. (Institut National de la Recherche Agronomique) showed
that it is possible to do methanization and denitrification in the same bioreactor fig. (1,2) and
they identified the biological parameters ref.(2). A first study was done to test the sensitiveness
of these parameters ref.(3). Otherwise, this work tried to exemplify the spatial distribution of
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products and hinmasses concentrations as function of input conditions, It is a relatively
complete biological madelisation in a one-dimension upward reactor. This model is non-
permanent and takes into account transport phenomena : the speed distribution is uniform on a
straight section of the reactor. MATLAR solved this model.

As [ar as the biological modelisation is concerned, three types of variables can be
observed
* substrates composing the effluent
e biomasses
e products of the reaction

There are seven dilterent zubslrates : the carboned effluent which is a monomer (here
glucose), thvee fat volatile acids (butyric, propionic and acetic acids), as regards the
nitrogenous phase : nitrite, nitrate ions and hydrogen. Therefore, there are seven different
hicimass i o e

aq
ViICIiasocs

ucls were taken into account oo © methane, cubonic gas, nitrogen
and aimmonia.

The experimental results of LN R A. and the literalure showed that methanization-
denitrification is cantrolled by the ratio : C.0.D./N-Noy ret (4). It represents the global organic
phase on the nitrogenous phase We found the parameters of the control in the literature
ref.(5,6) and we have done simulations. The results are on the lig. (3). In both cases, the
initial organic load is the same (6700 mg C.Q.1D/1). The tnitial nitrogenaous load is diflerent to
test the behaviour of the model according to initial conditions

3. DISCUSSION

The denitrification takes place first in the boltom of the rcactor. The nitrates fade out
relatively quickly in-the first hall’ of the reactor. Aflerwaids, the evolution of the nitrites is
slower. As regards the melhanization, the transformation of the monomer is rather fast, but
the degradation of fat volatile acids is then much slower

If we compare buth sitmulations, we notice that the treatment of the eflluent, which is
the most loaded in nitrogenous materials, is more eflicient. Indeed, the biomasses which
degrade fhe nitrates. consume a lot of carbaned materials_ they need o armv: o they have a
share to the methanization -

We come fo the conclusion that a non-negligible concentration in nittogenous inalerials
is beneficent for the efficiency of the reactor. Otherwise, we abserve a best treatment for all
substiates at Lthe end of the reactor. We could do a more systemalic study with a steadiest
composition in eflluent. Therefore, it would be possible to put a sensor to follow the good
working of the process according to perturbations on input cancentrations

4. CONCLUSIONS AND PERSPECTIVES

The first simulations prove the efficiency of this type of reactor if” we control the input
conditions. However , it shows that the modelisation of the biological processes is hard (18
biological equations). This model enables the understanding and the simulation of the different
phenomena. However, we can not use it for the control or for the optimisation. 1f we want to
reach this aim, we must simplify the model

Otherwise, we can come up against other ditticulties : a {ixed-bed bioreactor can choke
as the growth of biomasses. At the present time, we write a second model of simulation with
easier biological equations. 1t takes into account a more complete modelisation and a more
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realistic flow. In this case, it is a three-dimension model. We use the finite elements method
ref.(7). It makes it possible to have a better representation of the space inside the reactor.
Furthermore, we have the possibility to consider difTerent problems concerning the input and
the output of the reactor. A speed distribution at random on a straight section simulates the
obstruction of the bed fig. (4)

The first results show that the average concentralions at the cnd of the reactor are
relatively non-homogeneous. They dilfer from the concentrations obtained with a more simple
transport model. At present, the model, which is written, takes into account many substrates
coupled with their biomasses.

C,N... N,, CHy, CO,,... 1
¥ Methanization Anaerobic ____L___._ﬁ
Methanization
CH,,CO,
Nitrilication Aerobic Nitrification
Denitrilication
NO;
C
> Dewitrification Anacrobic  Anaerobig AcrobicJ NOY
3
T A s ey

Fig. 1.a - Classical process of nitrogenous and  [ig. 1.b - Both anaerobic stages in a same
carbonaceous pollutions treatment reactor
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MODELLING OF VEGETATION DYNAMICS

IK.ADDI - A.GONZALEZ

Abstract

‘I'his work consists on modelling ol vegetation dynamics. We have taking inlo account. Lhe spatial
expansion dynamic. We have delined and characlerized a spreading properly with distributed system.

Also, we have maked the link with a localized growlh model.

Key words @ Vegetation dynamics; Modelling; Distributed systems; Spreadability.

1 INTRODUCTION

Evolution of vegetation is a space-time phenomenon. licologists are interested in the processes involved
in this problem so as to understand and to try to predict it. [5, 7, 10](Darcll et al. 1981, Friend et al.
1993, Prentice et al. 1992)

The aim of this study is to find a time-space model of vegetal evolution. Essentialy, we arc interested in
the dynamic aspect of this evolution.

The vegetation system is special because its spreading (spatial cvolution) hasn’t been described by any
mathematic formula (phenomenologic relations, physicist laws like Fourier law in heat transfer). There-
fore, we can't apply the classic approach in the modelling of this phenomenon.

The difficulty is the definition of approach (or finding a model which characterizes [.he hiomass spread-
ability on a geometric domain and to link it with its localized growth.

The model could interest ccologists for predicting and surveying in the generalist. aspect. deserl. evolution,

or [orest spreading.

2 PROBLEM DEFINITION

Observation of vegelation spatial evolution shows that the biomass spreads or confracts from an initial
occupied area as in the case of the forest. (descrl) expansion. [8] (Fronticr et al. 1991).

In the literature [B] (Frontier et al. 1991), the expansion of the vegelalion can only occur when the soil
is ready to receive it. In addition, we have a succession ol several occupation strategies of soil among

which we consider :

e Strategy “r" characlerized by a rapid rate of development, considerable mortalily and an early

malurily ol species.

e Strategy "K” wilh a relative stability, compelition is less important and a late maturily species.

3 Modelling of vegetal spread phenomenon

The complexity of the hiomass spatial evolution requiers Lhe introduction of the ”spreading property”
notion
On initial state, the vegetation exisls on a given subdomain. Normally, the area colonized by the biomass

has Lo extend, contract or keep invariable. So, we will notice an evolution of Lhe domain favourable to

I 4



g ysfis ayopoands v oz povivys (1) woyshs i

o pards o gren 5 wowap oy) wo fijuaonh spqupmods v st

()
m HoHoo |
,_) : 1 = ()
Um wn | I
‘O * Ho = . ._.__ffﬂ_ e }(I-EI‘J
bol L (T
i I AT 17 R S —r(-l{-- = ::LJ ) _!Q T
Lisobx . 21 V= e e T T eaD

sty paon oy budhsios (10 (1)0)o frgeonb Bowsp o g oaootg g,

S uatoay )Xol oy Aq g nuenb spqepeaads

vJouotezia ey oy ssoddxo on e Aptodosd Statpreodds o1y Jo moruop o) Qs aduepaoase 1y

o) Apradoad Guipeaads sy jo weaosyy, q-¢

(osgr v p)) [5‘.1/ DSt 0 ar it n vt o pontosadd s p =000 g boadond g E

0l wozreoy awwy oy ypm m

wyutop oy a0 paeages Y oo sy wo quogeat jnpd wo powafop ¥ o= ((0(0) )y fpedoad oy g
S fuagw
pwands st (g0 (g)a)y opporiva sy fig poziiopovinys coropilisn fo anayshs oy oy plos se g g QOTIIL (L

om -5 w0 = (0(0)0)y

e e = (g (0)e)y

T aAul | [ERNN

Leool 2w 0 3 U)ea

SR ans Om meinopgns otf) o Apno gsivo Caodoad Sagpeoads oy ogegs union uo ey osoddns opp

U0 UM unopqus  andjop oM aiyay e [Il')' x lq‘u] =y uhawop .‘:!,l‘)dllluoﬁ o) JOpISHoD DA

Apaadoad Fuipeoads jo uorpuyaqq  e-g

“ost aptsoddo s g = (00)x)5 e
PO gl dotje oo o 1 pnolss pue vattosadd O saopae oy g | o= () ®)A e

e s (0 ()a)g Spodoad Futpeords qrras Spgassod g paodit o ajis sy oziio joien)s ogy

POEEOE ST UEAOLT D) R ) Q0PI L SSETHOR ot} orteaol 0 pos oy aedoad

JUsael @ se o) st sjHaUfe eHUosse Jo ootesadd o) ey ) poy ] Sjoseps ol soad pue Suprosdy
Il!\.‘lll()') Jd?‘llfl v )

|l!U|lI(l|1 ||-).\If|( 3 lIll).lJ ssataa il ) 'll-illl«l«ll:l\ls!ll [N VA tas(o Ill!!l\ll'. |||!\\ EAEIRUAEN RV ANY [illl.‘ derjsun |1(I\f do)siA
SO alar o @ Sdinado ) Sonoprog sep 1one juios oy ) suonipuos ot it ol ofquinose ] doptiy
s nieop e oy

o opegs A padoad Surprotds oy oy ra (suorppuos stewlporg wo Fuipuodop) worpejoios jo g pnosid o)



4 NUMERIC SIMULATIONS

Sitnulations are realized froin the systermn (S ). It concerns a partial dillerential equalion with an initial
condilion which allows the display of the spreading phenomenon and boundary conditions which prescrve
Lhe property J5 on the occupied domain.

We pul V = dx;-,

We consider the geomelric area Q = [0,5] x [0, 5], the subdomain wy = [0, 1] x [0,5]. We discretize a
grid of points (z(t),t) in (¢h,ph,kt) where ¢ =0,1,---,50 and k =0,1,.--,50. Also, we have time step
7 =0.1, grid spacing h = 0.1 following hoth directions z; and 3 and speed value : ¥V = (1,0).

For Lhe numeric resolution, we have chosen the Lax method [9] (Garcia 1994). This choice is based on

the fact Lhat the scheme of discrelizalion allows us to assure a slable nuinerical model.

5 PRESENTATION AND ANALYSIS OF RESULTS

Time=0 Time= 0.36

Time=0.76

Previous ligures show the spreading of the property £ in the rectangular domain §2, with a constant speed
V along the z; axis. On inilial time, we have the properly £ =1 on subdomain wy and Progressively,
we remark that I spreads on all the domain §2.

Results of numeric simulations satisfies the spreading property thal we have delined. In [act, from an
initial domain where the spreading properly £ exists, we expecl an expausion ol the property on all the
doniain.

Aim of these simulations wasn’t Lo give the applicd results on real Lime bul Lo find partial diflerential
equalious which will able Lo describe the spreading property [rom bioclimalic, physics and anthropic
hypothesis accompanying the evolution ol the vegetation. .
Example of situnlations presents an expansion ol spreading property on a domain where the conditions

are favourable.



6 Localized growth model

The second part of this work constitutes a highlight of the link belween the spreading property and the
real part of the localized growth of the vegetation.

We consider a specie planted on a plot of land. Except its spreadability, it grows with a localized dynamic
under the fact of the bioclimatic and soil conditions.

This part is treated independently of the spatial expansion phenomenon without forgetting that al the
end, we must reach an equations system with two dynamics describing the space-time evolulion ol a
vegetal cover.

Localized growth of a vegetal spiece begins from the moment when the biomass begin to grow. Afler, the
transformations taking place at the plant depend on the atmospheric dala, sun radiation and soil state
with it is confronted.

Modelling of localized growth regardless of the spatial evolution of the vegetation has been carried out
by Brufau (1995) [4] who has worked on the analysis of the water cycle.

In its study, she has taked into account the interactions that the plant is under with the exterior set. Its
work on the growth madel has heen the subject of a thesis [4] (Brufau 1995). The localized growth model
purposed by Brulau (1995) [4] is a dillerential equations system that makes in parameter the growth of
the plant.

The first equation describes the soil humidity injected on the equation of the biomass growth and the
second one describes the the water cycle thatl creates the soil humidity.

The dilferential equations system is :

dB(1 .
L= F().HQ)

dry ,

(Ss) W) = cw

B(0) = DBo

H(0) = Ho

- R(f} + hinnanae :lnncif:r

e H(t) : soil humidity.

e 3y, Hy : initial conditions.

e (7(t) : source term characterizing the soil humidity evolution.

e ['(t) : source term taking into account all the [actors influenced by the localized growth of the

biomaas (atmoaphere, goil, caracteristics of the plant ...)

7 Modelling of the global evolution of the system ”spreading-

growth”

7-a Description of the system ”Spreading-Growth”

In our study, we have divided the dynamic of the vegetal evolution into two parts (spreading and growth).
In fact, before that the biomass grows on a ground, the later must be already prepared to this colonization.
In biis work, we arc interesied by the dynamic aspeci of the vegeial evoluiion, therefore we haven't taked
into account necither the experimental data nor the real time. So, the clioice of the model paramcters
allows the illustration of a vegelal evolution without forgetling to take into account the dynamic specifities

of the vegetation
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In [act, in the system (S3) we have two equations which we have grouped at one allowing the description
of the localized growth bioruass,

The source term F'(t) has been replaced by another function noted F'(t) where :
F'(t) = G(t).F(1)

The function F’ is choosen for to satisfy that Lhe biomass has in the end of its growth a maximum that
involve later and later in accordance with time.
For describing the spreading-growth system, we have linked the equations obtained [rom the two systems

(S1) and (S3) taking into account the initial and boundary conditions.

7-b The model

The link intervenes in the second member of the growth equation and it implicate that {from the moment
where the property £ is dilferent [rom zero on a plot of land, the growth equation is activeted and pilots
the system ie when the soil is ready Lo receive the vegetalion we have a localized growth of the biomass
on the localized domain (Brulau 1995).

We conserve the domain 2 = [a,b] x [c, d] and the tire horizon [0,T].

dit%sluz + Vgrad(E(x((),1))
)

dB3(=(L), !

_L’a!t_L)

Initial conditions :

I
=

(Sa

F'(1).E(z(t),1)

E(z(t),0) = 1
if z(l) € wo
B(z(1),0) = By

E(z(1),0) =0
it z(t) € Q—wo

B(z(t),0) = 0

Boundary conditions : On the boundary of the domaine Q we recall the Neurnann’s condition (of £) :

520 =0

8 Numeric simulations

For discretizing Lhe domain Q, we consider the sane scheme that in the paragraph (3) and also for the
numeric resolution ol the spreading equation (property E). ,
For computing the second equation of the system (Sq) (growth equation) we have used the finite differences

method (explicite scheme).

9 Presentation and analysis of the results

Following figures are the results of the simulations in the spreading-growth case. Simulation results shows
a spatial extension of the vegetation on all the domain €2 with the determined conditions. Also, we remark
that the biomass reaches a maximum of growth which is an intrinsic property of the vegetation. This

property is considered in the function of growth F'(t).
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Time= 0 Time= 0.45

o 20
y 40 )(30

Time= 0.76 Time=1

9-a Couclusion

The aim of this study concerned the property £, is Lo bring to the fore a correlation with the localized
growth of the biomass which allows us Lo have a mathenialic model describing the comnplet evolution of

the vegetation taking into account the more influential paranieters in these transformations :

e (irains motion.

e Spreading property.

o lLocalized growth of the bivmass.

e luluence ol the meteorologic, binclimatic and anthropic conditions.

This modelization try Lo be as general as possible Lo allow thie possibility to introduce the maximum

number of inflluenticl parameters

References

Addi K., Brafan Tl.. Fommivr M., Gonzalez A, Leyiis 1P, Maurissen Y., Soul S. 'Modelling a spreadalile

system : Vegetation dynamics’ Dislributed parameter systems : Analysis, synthesis and applications : T'ra-

1

fma)

monlane meeling 3-5 avril 1995 - Perpignan

(2] Addi K., Gouzalez A.'Spatial modelling of vegetation spread’ International Journal of Systems Science. (Ac-

cepted).
[3] Berger A.Le climat dela terre : un pass pour yuel avenir 27, 480 pages, De Boeck Universit, 1992.
[4] Brufau H.’Modlisation d'une dynmmigue de vglation’ Thse de dolorat, Universit de Perpignan, France, 1995.

(5

Darell C. West, Shugart. Herman Il., Botkin Daniel B., 'Forest succession : Concepts and applications,

660

Springer Verlag, 1981.



199

VG661 sE0a g Aqisaoan ) a8 puuieny  uogng s quopd pus ooy g prespooss (1]
(GRS RIAT ]
61 loa fdeaitosforg Jo eusuop Cgrnegy puv satjiodoid spos Cardnuiuo) pup Kbojodlivd pond uo pavog
Japone detoty ol TV ooy AU PSSO ™ Y] SURUGIS (]S HOSLUE[] " Af oLt SN IRSTIEIN [Ul]
FO6L THLYLN ADSIOP MON 'S POOMBBIG] e} aotjuod tsowshiyy g aof spoypopy ppatistanp Y e ety lli]

{66 | MOSSE P HONIOAE) U010 9dn)IS D waushsoany t (] eI\ =PAOLIL] S Tajuol ]

8]
EOGE TL6LE6BL "bL
joa “SRojoay *srntdlip jsosof fo ppous doti posog-fiopowfiyd v WS Butuany prdagg Y pusuy

YREE osse]y (oA tonbiptons oug

9]

Csanbiugda] w3) Jo sa0uag s9) anodd onbannn g gnopn ;) )2 onbnpasgo gy osfippagy o cp suotp pae gy Keayne(]



MODELLING OF AN ANAEROBIC DIGESTION
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Abstract

Anaerobic digestion processes can transform organic products into biogas compose
methane and carbon dioxide. Nevertheless in spite of their advantages they are not very wi
used in the industry because of their instability. In order to stabilize this type of processes, t
have to be controlled. In a first step, we elaborate a mathematical model to simulate
process evolution. Nevertheless, the lack of knowledge concerning the bacterial activity m
difficult the modelling and the control by classical methods. We suggest to use the fuzzy logi
model and control the process. By its qualitative approach based on human expertise it all
to take into account the imprecised knowledge on the micro-organism evolution.

1 Introduction

As the rules related to the enviionmental issues are becoming quite stringent, it is
and more necessary to develop efficient systems able to eliminate the effluents created by
human and industrial activities. The hinlogical pracesses represent a nnssihie salution tn t
effluents concentrated in organic carbon and nitrogen and in phosphorus. We used a fluidi
bed reactor, operating with an agricultural effluent which has a high Chemical Oxygen Dem
(COD).

The lack of knowledge concerning this type of processes and its unstable nature led
resistance to its fay-out in industrial plants. The unstable nature is due to a high variabilit
the input load, that can imply an organic overload or a toxicity production. In order to assu
stable working of the process with a depoliution rate higher than 80 percent, we need to cor
it

The complexity of the anaerobic digestion make difficult the modelling by class
methods. The models are etablished by mass balance equilibrium and are generally nonlin
the different variablos beiny mure or less attached together. In addition, informations on
microbial activities are often obtained by off-line measurements executed with expan
Sensors.

For those reasons, the use of classical technics of control does not lead to good opera
conditions [2]. More complex command algorithms, like robust command (3] or adapta
linearizing control [4] have been theoritically analyzed and experimentally validated on |
digestors, but their industrial applicability appears tc be limited by the need of expansive
often off-line sensors.

In this commucation, we will present, in a first part, a dynamic model based on m
balance equations in order to obtain a simulation tool. In a second part, we will use fuzzy s
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its qualitative approach to modelling the process with the help of on-line measurable
bles like for example the pH, the temperature and the gaseous and input flow rates. this

nodels will be used to elaborate a fuzzy controller.

2 - Quantitative modelling of the anaerobic digestion

Anaerobic digestion allow to degrad organic matter into a biogas mixture of methane and
on dioxide. It is a complicated stepwise process, carried out by different micro-organisms.
e are three steps in the process evolution: 1) hydrolysis and acidogenesis, 2)
Jgenesis, 3) methanogenesis. Each of tivose phases involves different microbial families.
The process is running into a fluidized bed described on Fig. (1).In that type of processes,
particules are expanded by a fluid flow with the biomass fixed on them.

CH,
Qgas CO,

H,

Fluidized
bed
reactor

Output

Settler

15 liters

T=35°C

Sin —-’%‘

pH=7.0 input flow rate Recirculation flow rate

Fig. 1 : Fluidized bed anaerobic digestor

Using Denac’s work [5], we elaborate a dynamic model for our process [6].
centrations in the liquid phase of the reactor are supposed to be constant and we use the
od's law to describe the microbial kinetics.

- biomass i growth rate :

Si
X :(l’l‘ max g +KS' —k‘li]
1 Sl

- substrate i consumption rate:

5, X,
I.. = . —_—_—
Si Hi max Si + KS; Yi

0663



with :
u; .. : maximal growth rate for the biomass i (inh').

Kg, :saturation constant (in g COoD/).
kg :death rate of organisms (en h™").
Y, :conversion yield of biomass into substrate(in gbiomass/gCQOD).

For each substrate and each biomass involved in the anaerobic digestion, we writi
mass balance equation:

- substrate i
& P, - 8) g ok
dat Vv, ]
where

V. volume of the reactor liquid part (in ).
V. :total volume of the reactor (in ).

- biomassi:

dx,
o

The gaseous flow rate is determined by:
Qgas = Qe + Qco, + Qu, With Qgyy, =) it
R
Ocoz = Z 0‘iersi
R

_ 3
QHz - Zai 's;
R

w', o el o are the stolchiometric coefficients for the chemical reactions in /hich
methane (CH,), the carbon dioxide (CO,) and the hydrogen (H,) are produ ted. T
parameters and the stoichiometric coefficient values come from Denac's work [5)].

We gct a mathematical non-linear model with 10 state variables (5 substre =2s an
biomasses). The non-linear system is solved using the step-by-step method of Euler he mo
validity was tested by comparison with the experimental results obtained in an incre (sed in
load expariment.

This model Is used as a simulation tool in order to test and to improve a qualitative mo
using as system states only on-line measured variables.

3 - Qualitative modelling of the process

Introduced in 1965 by L.A. Zadeh, the fuzzy logic [7] [8] by its qualitative approach ba:
on the experimental observation allow to solve modeiling and control problems for which
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ical methods do not give appropriate solutions. The imprecise knowledge on the bacterial
th and activity can be taken into account with the qualitative fuzzy logic approach.

Based on a global approach, the modelling uses on-line or off-line measured parameters,
3 parameters giving informations about the process state:

- the input flow rate (Qin),

- the temperature (T),

- the pH.

- the input polluted substrate concentration Sin.

The model allow to calculate the gaseous flow rate. It is build on a state model structure
hich the coefficients are variing with the experimental conditions.It is described on the Fig.

On-line measurements

Fa 8]

pH Temperature (T)
Qin Fuzzy Qgas
> model | -

State space
form

Sin : example of off-line
measurements

Fig. 2 : Qualitative model

The qualitative model can be written as:

x=A x+Bu ith Qi pH and aQ
with u = Qin, x = =
y=Cx+Du T Y= Meas
The A matrix is called the dynamic matrix, B the cornmand matrix, C the state observation
ix and D the input observation matrix.

Every coefficient of the A, B, C and D matrix is determined from the input variable values
g the fuzzy logic principles. Those variables characterize the system state, the dynamic
ct appearing as soon as we take the evolution of those variables into account - i.e. their
ancies -. The fuzzification associates to each of those variables fuzzy subsets determining
role in the model.

The inference rules that it is necessary to define allow to connect the input variables to the
ut ones, the output variables being also fuzzified. The gaseous flow rate value is calculated
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during the defuzzification phase. Comparison between the calculated and measured flow
as well as the evolution of this difference allow to modify the model. Its improvemen
learning is doing modifing the linguistic rules and adjusting the fuzzy subsets. The pH and
temperature measured on-line are used to modify the mode! coefficients with the chosen
point.

The results obtained in simulation are consistent with the experimental ones.

4 - Conclusion and perspectives

This study allow us to obtain a fuzzy model used to simulate the working of a fluidized bed
anaerobic process. the quantitative model valided with experimental results was used to
improve the qualitative model. The results obtained with the fuzzy model are in good
agreement with the experimental measurements.

So this model can be used to define a fuzzy control of the process, this control being
elaborated considering on-line and off-line measurements with cheap sensors.
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VEGETATION SPREAD EFFECT SIMULATED BY CELLULAR AUTOMATA

Michel FOURNIER , Salifou SOULE
Laboratoire LM.P-CNRS, Groupe Aulomatigue, Université de Perpignan

52, avenue de Villeneuve, F-66860 PEERPIGNAN CEDEX

A eelbdar aulomata model is uscd [or the vegetation spread effect study. So il is possible {o obiain
e inleresling results aboul the spread speed in function of different paramelers: the initial seedling,
e local wind and the synergislic area ifluence.

CELLULAR AUTOMATA SPATIAL DYNAMIC

Cellular automata are discrete dynamical systems whase hehaviour is completely specified in terms
"a local relation. A cellular automaton can be thought of as a stylised universe, Space is represented
7 a uniform grid, with each cell coutaining a few hits of data; time advances in discrete steps and (he
ws of the "universe” are expressed in, say, a small look-up table, through which at each step each
1l compultes its new stale from that of its close neighbours. Thns, the system’s laws are local and
wlorm.
the arid zones, where there is a weak soil slope, some large vegetation stripped bands hetween
wsert arcas ot impluviwm, where the water run-off, appear and up-slope move: they are parallel to
e contour lines (Thiéry, d'Herhes, Valentin - 1995).
ach plant is supposed influenced only by its nearest neighbours. This neighbouring influence is quan-
fied in a convolution matrix those the coellicients translate the competition and the syncrgy effect.
his behaviour remembers the cellular antormata behaviour. Since it is possible Lo consider a vegeta-
on as a soil property, the problem is to caracterize this property to oplimize its spread on the soil.
Jeinski -1994, El Jai -1994 -1995).
he studied domain may be schematized as an initial elementary cell (or source), w, with a certain
roperly: this area is included in the target area, R, on which the properly musl be spread withoul
yurce perturbation in feed-back.

[ RESULTS

Following the initial geometry seedling, the vegetlation spread may be more or less quickly for a
ume initial seeds quantity.
he ” Brousse tigrée” Thiery’s model (1991) is used, with only considered synergy effect. The landscape
compound from 56x56 (3136) cells, and each one is estimated to 10m x 10m . The landscape and the
read properties, are isotropic. On this landscape, 64 seeds (or young plants) are sown with different
itial gecometries. We consider some different screen-plays with different seedling modes.
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T'he more important results are:

More the seedling ts scallered, move the vegelation spread speed 1s greal.
We consider some. different. sereen-plays:
the (7 seeds are arranged o one place. in a square ol 8x& cells, with only one seed by cc

- the 64 seeds are arcanged in two places, in two rectangles of Ax& cells, then in lour plae
of Ax4 cells, then in height places of 2x/1, then sixteen ol 2x2, ete... always with one seed
cell.

-- then each seed is isolated on the soil (scattered seedling).

The convolution matrix is synietrie (Ath order) and iils geometry is:

00 100
011 10
[ O
01t 110
00 100

In this matrix the new state of the vegetation is ealeulated on the ¥ eell. 'The coellicients are
3
positive. We obtain the lollowing array:

To8
17
Py
18
At [ 128
15 | 21
dit2l
27

Tl

7

In cach upper compartment are wrote the plantation dimensions, and in each lower part, (
iteration number necessary (o [ill up all the landscape. Il cach tleration correspond to a5 -
years period, (Thidry 1991), the necemsnry tine to occupate all the Tandseape, vary between
and 70 years with a very scattered seedling, until 135 and 270 years with a &8 packed ¢
square.

The liguee 1 shows the spread effect in the case where the initial seedling i o 8 x 8 cells squa
In the figure 2 the initial seedling is scatiered in all the landseape.
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Experimental study of Toxic pollutants seepage {rom sewer system
Camille Bouras - Ahmed Moustafa
Tishreen University - Latakia - Syria
Latakia - P O. Box 395

Resuine:

- Serious harm to the environment can be caused by leaking pipes in the sewerage system the
augh seepage of poilutants, especially toxic pollutant, into the ground and thus by contaminatior
of the ground water

- The pollutants concentration measurement resulls gives.

- the rate of pollutants spread depends on the type of pollutant, sewer pipe. and surrounding soil

- pollutants in ground water tend to be reduced in concentration with time and distance travelled

1- Introdnction:

- Civilisation and health are mostly recognised by individual's getting a sufficient pure water fo
the difference uses '

- Sewage disposal by sewage system allow the different pollutants to seep to the surroundin
water environment of this sewage system, especially, the toxic pollutants because of its dange
for the public health

- Toxic pollutants mostly produced by the Industrial uses of water in addition to the rain wate
falling on the Industrial courts and Cities,

- Not to mention that the danger of the industrial wastes, with its difference in quantity anc
quality dose not only lies in its seepage to the surrounding water environment, but also it effects
dangerously on sewage system plants

2- The used apparatus and_tools

2-1 The used experimental type.

- The chosen experimental type which is a hole with the dimensions IxIxl m, in which
cylindrical tank was put its dlameler (0. 60 m) and height (0.90 m) punching tell the height (0.4

nﬂ dinnicter gfv)uqrwl-\ (o n'\“})’ au o5y \/u}4)

- Two sewer ware constlucle(l, the first is composed of two horizontal pipes, and another vertica
one with a diameter (200 mm), the second firom three horizontal pipes with diameter (15¢ mm)
and another vertical one with diameter (200 mm)

- T'hese all pipes are made ol precast concrete production of (Mili house, Branch No. 202), the:
have definit qualities

- about 15-20 seepage experiments were made on these pipes in the laboratory, as a result, th
ratio of secping water was (%18 - %30) after 24 hours of fulling. the pipes

- Joints were made of cement morter as usually used in most sewers

- the qualities of the surrounding soil were difined as {ollowes:

Moisture content %33, medial permeability (2.1x10-5 ci/sec)

- Seepage experments were made on the two sewers to define the ratio of seapage, the result
came as followes:

- the ratio of seepage in the first sewer is (%22) after 24 houres and in the second (%25)

2-2 The method and the used laboratory tools the method used here is (atoniic absortion

spectroscopy with flame) which is used for studying the seepage of mettalic poilutants.

- the atomic absorption spcctroscopy suits the low concentrations of the elements existing i
unknown sample.

- the spectroscope used here is the ( Atomic Absorption Spectorphotometers) made in (Pirkes
Elemer Co ), it has the sensitivve analize (10-9 mg/lit).
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- the laboratory tools used here are: (gaz burner) different sizes of Bicher, difTerent sizes of Flask
and difterent sizes of measuring cylinder

3- the used material:

- the following chimical malterials were used

- Nitrate salts ol Iron, Manganese, Copper, and Lead, and concentraled Azotic acid
- the following calibration solutions with the original solution condensed:
Ph{NO3)2 1000 my/lit

Fe(Nold)2 500 mg/lit

Mn(NO3)2 100 mg/lit

Cu(NO3)2 500 mg/lit

{- Experimental Worle
- the results wasles which are discharged in public sewers of Homs and Hama, as given by the
company which designed the sewage treating plant of [oms and Hamna, illustrated in table (1)

materint Loid Toxic Arsenic T Cutlmivirn Leanl Copper Nickel Zink Chrotiium
mnlc.ripl As B Cd PL Cu Ni Zu Cr
Containing
Iron &
Allomioum s e — e
Coneentetion 300 0.1 20 5.0 50 50 5.0 10.0 50
mg/lit
Table (1)

- Table 2 gives the concentration of the chosen Toxic malerials were taken fiom the above
information, according to thhe existing laboralory and technical possibilities for measuring the
concentrations of these materials and Lheir quality
Material Lead Manganese Iron Copper

Concentration 4.5 33 10.0 0.9

my/lit
Table (2)

~the two sewers were supplied with water containing the materials mentioned in table (2) and
with the same concentrations
the punching tank was supplied with water which is used in the laboratories.

-the primite or first concentrations of the experiment malerials in the tank water were measured
the standard curves of the studied elements wete drown in figures (1),(2),(3),(4)

Ligzelb ¥ > ) L (G0L]
He: )

these curves give (he concentration of materials with the Indication of Absorbability which is
given by the Atomic Absorption spectrophotometer.
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S- Resultg and Discusion:
- Afler the periodical Analysis of the tank water we gel chimical results which are illustrated i
table (3)

Sample No. prinnt 1 2 3 4 5 6
Sample Date 1993 a7 | worr | i | o2sn 18 8/8
13/6
I.ead Concentration /011 00rt 0t 1_5" 0 A2 0nal (AN RE! 0137
mg/lit __ |
Manganize 0.027 0.027 01383 1.567 2.282 1017 3.025
mg/it
Copper 0019 0019 009 0073 | 0.118 [ 0025 [ 0.128
mg/lit
lion 049 | 049 | 356 5.6 17.6 | 64 [ 122
mg/li |
fable (3)
T
. i
" /’ “
) ‘/
i :
i e o e
= ‘ W
s ; p

Fre 14

- Figures (5),(0) expresses the change ol the toxic pollutants cencentration with the indication o
time. i
- Afer the study of results and digrams of experiments we get the following exiractive
- the source of the: pollutant of primit sample resulted from:
A- the continual use ol water in the machins and laboralory apparatus
B- the soil chicliis sursounding Lhe tank.
after merely four weeks the concentration of the pollutants increased i tank, this indicates the
transimission of sewer walcer to the water of the tank.
- the concentration of pollutants still increased for two weeks
the Lead reached the highest point of concentration aller five weeks, then followed the Tron,
Coppcer and Manganise afler six weeks
- the source of this variation in reaching the highest point of concentration is:
1- the soil which surrounds the sewers, where this pollutants are subjected to number of
processes like (filtration, Absorption, Chemical deposit).
2- the effect of concrete sewer walls
- the concentration of the pollutants decreased in the seventh week, this is the result of:
1- discontinuity of adding more pollutants inside the sewer, consequently, the decreased of
pollutants concentration, seeping out of the sewer.
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2- the attenuation of pollutants inside the soil with the passing of time under the efTect of the
mentioned above processes.

the increasing concentrations in the sixth sample is the result of the cracks seen in one joint of

the second sewer, and this was during the sxplanation of the joints

ol / 2
| I =
|\ ' >
& _—
l ; I T
- / )
R —

LR L} g

- Conclusion:

Since water has a major factor in industry, and this is he reason of most industries being
oncentrated near water sources in addition to their approach of the cities, consequently, many
anger arose as a result of the seepage of poliutants (o the surrounding water invironment

The Tron and Manganise oxides coloutes water and made it useless for use in houses and
laundries and paper industries

The Copper oxided efTects harmly on the water lif, Morever, Lead is consederd one of the most
toxic materials to water lif and human life

this motivates us to do our best to limit these dangers by more researches especiallt the
researches relating to the pipes used in the sewage and the surrounding soil.

Lelerences:
- D.K.Todd: Ground water Hydrology Second Edition NewYork 1980 PP 345-3 16

- Howard Humphreys and Sons: Homs Sewage Treatmenl Pre-investment study Part III
England 1978 PP 125

- Howard Humphreys and Sons: Damascus Sewage Master plan studies (Controlling factors Part
111 PP 167)
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FATE OF IMAZAPYR IN AQUEOUS SOLUTION AND IN MOROCCAN SOILS

M.El Azzouzi, A.Dahchour', M.Mansour'' and M.K.Elamrani*"*

Faculté des Sciences de Rabat B.P.1014 Rabat/Morocco
'Institut Agronomique et Vétérinaire HassanIl, B.P.6202 Rabat-Instituts/Morocco
"'GSF-Research Center for Environment and Health, D-85764 Oberschleissheim,
Munich/Germany
""'Faculté des Sciences Ain Chok; B.P.5366 Casablanca-Maérifi"Morocco

ABSTRACT Photodegradation of Imazapyr in water and its persistence in Moroccan
soils are reported.

Photolysis studies were carried out under UV and simulated sunlight conditions. The rate
of degradation followed first order kinetics. Depending on pH, the half-lives varied under
simulated sunlight from 1.2 to 3.5 days, whereas they varled under UV light from 22.4 (o
27.7 min. Four main photoproducts were obtained.

Persistence was studied in two soils on the basis of bioassay test using lentil plant as
indicator. ITall-lives varied betwcen 25 and 58 days depending on the organic matter
coutent of the soil.

1. Introduction

Imazapyr{2-(4-isopropyl-4-methyl-5-0x0-2-imidazolin-2-yl)nicotinic acid]is an
imidazolinone type of herbicide, which is being developed for use in vegetation and forestry
management by the American Cyanamid Co. In Morocco. it has been used successfully to
control Solanum eleagnifolivim Cav., infesting Tadla area(1,2,3).
Similar to other imidazolinone herbicides, Imazapyr can undergo microbial, chemical and
phototransformations.
Photolysis of Imidazolinone herbicides has been reported in aqueous media and in the
enil(4,5,6). Under cimulated sunlight, half lives deduced from first ofder model ranged from
1.9 to 2.3, 2.7 and 1.3 days for distilled water, pH 5 and pH 9 respectively. Photolysis led to
four main products with a substantial production of carbon dioxide(7). In the soil,
photodegradation was reported for Imazaquin and the half-iife to be longer and approximates
4 months (6).
In the field Imazapyr degraded slowly in the upper surface (0-10 cm) than in lower surface of
the soil (20-30 cm) (8). The corresponding half-lives were estimated to 49.5 and 7.8 months
for the two layers respectively. Affinity to the soil was evalnated in terms of adsorption
constant K4 which ranged from 0.07 to 0.17(9).
The aim of this work was to study the fate of Imazapyr in aqueous medium and in Moroccan
soils. Persistence was studied in two soils with different organic matter content, while
photodegradation was evaluated under UV und simulated sunlight conditions.

2. Experimental
2.1. Persistence

Two soils firom Rabat area were used in this study. Their physico-chemical properties are
presented in table 1. The soil samples were air-dried and sieved (<2 mm) and then distributed
in plastic pots at the rate 01 100 g hy nat. The quantity of the herbicicle tn achieve the required
concentration (I, 5 and 10 ppm) was added as emulsion of the formulated product (Arsenal;

676



25% a.i)to the soil. Field capacit djusted to 75% with distilled water. Four replicates
were performed by concentratior. y soil.

The remaining activity of the herpicide was evaluated on the basis of bioassay using lentil
growth inhibition as indicator. Six pregerminated seeds of lentil were placed by pot at 1 cm
under the soil surface. The pots were placed in culture room at ambient temperature under a
photoperiod of 12 hours. Nine days afier planting, measurements of the length of the plant
were performed and the percentage of inhibition was estiinated versus control.

Table 1: Properties of the soils used in this study

Soils Sand(%)  Clay(®s)  Silt(%) OM* pll FO**
Red 68.2 7.8 24.0 0.38 8.15 36.1
Organic 69.2 2.4 28.4 3.08 7.78 45.0

* 1 Organic matter content in %
**: Field capacity in %

2.2. Photolysis

UV photodegradation was carried out using high pressure mercury lamp(Philips HPK 125
W, maximui intensity at 290 nun) coated with water bath in Pyrex reactor with nagnetic
stirrer (250 ml, T= 20°C). Analysis were performed with a Hewlett Packard 1090, HPLC
system equipped with diode array detector at 230 nm, loop 5 il and Dionex Omnipac PCX-
500 column with a mobile phase made of 75% acidified water (pH 3) and 25% acetonitrile at a
flow rate of 1 ml/min.
Simulated sunlight photodegradation was carried out in a Hereaus Suntest apparatus equipped
with a xenon lamp. In the wave-length range between 300 and 800 nm the radiation spectrum
is very close to that of global radiation. The constant irradiance of 765 W m™ is about double
the radiation energy of natural sunlight. GC/MS Analysis was performed using a HP 5988A
instrument interfaced to a HP 9825A data system.

3. Results and discussion
3.1. Persistence

The plot of the percentage of inhibition versus concentration of Imazapyr, expressed in
logarithmic scale, gave good correlation ; the coefficient of correlation (r) being equal to 0.957
and 0.920 for @rganic and Red soil respectively, The residual activity estimated in this work
was made on the basis of this correlation. ‘
The herbicide degraded steadily in both soils ( Figures 1 and 2). The remaining activity
varied from 25.0 to 68.7% and from 45.0 to 65.9% for Red and Organic soils respectively. For
Red soil, half-lives directly estimated from data were equal to 25 days for 1 and 5 ppm, and 58
days for 10 ppm. In the case of Organic soil, they were estimated to 55 days for 1 ppm and
more than 58 days for 5 and 10 ppm. The trend of decay of Imazapyr in the two soils was
slightly different; the herbicide being more degraded in Red soil. This could be due to the
higher retention of Imazapyr by organic matter, and to the enhancement of hydrolysis
consecutive to the higher pH in the Red soil. Such behaviour was reported for lmazapyr and
other imidazolinone herbicides (6).
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Figure 1: Persistence of Imazapyr
Organic soil
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Figure 2. Persistence of Imazapyr
Red soil

§1 ppm
%6 ppm

010 ppm

Residual activity in %
L-.
<

104

a8

time in days

3.2. Photodegradation

Either under UV and artificial sunlight exposure, Imazapyr photodegradation followed first
order kinctics with significant correlation coeflicients.
In the case of UV irradiation, the half-lives recorded at two different pH values were 22.4 min
for pH 7 and 27.7 min for pH 4, whereas they varied under simulated sunlight conditions from
1.2 to 3.5 days at pH 9 and pH 3 respectively.
Although the photolysis was enhanced with UV high energy lamp, the trend was similar to the
behaviour under simulated sunlight.
Depending on the pH of the medium and on the radiation source, four main photoproducts
(denominated I, 2, 3 and 4) could be obtained, in accordance with results reported by
Mallipidi et al. (5). Under UV light, the metabolite 2 was common to photolysis at pH 4 and
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plT 7. As shown in Tables 2 and 3, Imazapyr disappeared completely after 97 and 72 min at pl4
4 and pH 7 respectively.

Magss balance considerations of (he data presented in tables 2 and 3 showed that the major part
of UV photodegradation products has probably occurred as COs release. in agreement with
Mallipidi et al. (5).

Table 2: Percentage of Imazapyr and photoproducts under UV radiation at pi{ 4

timetmin) | Imazapyr  Photoproduct | Photoproduct 2 Photoproduct 3
00 100 00 00 00
18 60 6.1 00 00
35 40 11.8 6.4 00
52 24 15 9.4 32
65 17 15.7 111 32
80 9.4 14.3 10 2.3
97 00 14.3 10 2.3

Table 3: Percentage of Imazapyr and photoproducts under UV radiation at pH 7

time(min) | Imazapyr — Photoproduct 2 Photopraduct 4
00 100 00 00

18 59 6.6 18.2

30 33 6.7 22.8

40 23 9.2 29

50 i6 10.4 28

60 10.7 1.6 27

72 00 13.7 27

It appears that photodegradation may represent relevant degradation pathway for Imazapyr in
soil and in aquatic ecosystems. This substance transformed rapidly in dqueous solution at
different pl. The photoproducts are likely to be present as residues in treated crops.
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ASSESSMENT OF THE PERFORMANCE OF A PILOT
SCALE R.B.D FOR WASTE WATER TREATMENT/REUSE
IN RURAL AREAS

M.Vossoughi and 1. Alemzadeh

Biochemical and Bioenvironmental Research Center, Sharif University
of Technology, Tehran IRAN

ABSTRACT
Due to growing water demand and limited water sources, treated
wastewater in one of the potential water resources in arid and semi
arid regions. Iran is one the poor country in term of water
sources, therefore wastewater reclamation and reuse potential is
very important, particularly during summer months for agricultural
and recreational purposes. The main objective of the present
investigation were to assess the feasibility of Rotating BioDisc
(RBD) with secondary sedimentation tank for complete treatment of
raw dairy waste and reuse in rural areas. The RBD unit contained
three stages of disc, arranged in series, with 20 discs per stage,
the disc constructed of plexiglass with 80 cm in dia. and 4 mm
thick. ‘I'he results of the study indicate that the system can
satisfactory handle organic load up to 8 kg BoD/m’.day. The average
BOD reduction was near 70%. The BOD in raw waste of 200 to 1050
mg/l was reduced 85% by three stages and a further 60% by
sedimentation tank. The average effluent suspended solid was 35

mg/l.

KEYWORDS
Wastewater treatment, Rotating Biological Disc, effluent reuse,
performances assessment, rural areas, wastewater reclamation.

INTRODUCTION
Due to growing water demand, wastewater reclamation and reuse are
also gaining importance in many arid and semi arid countries. The
concept of using sewage effluent for agricultural production is
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more than 2000 years old. The ancient Greece used effluent most
productivity and successfully (Arar, 1993). In Europe, U.K was the
first country where the land application of sewage effluent was
officially approval, where as the first recorded use of treated
sewage for agriculture,in USA it appears to have been in 1late,
1890, s.

The use of treated wastewater as a water resource for agricultural
is a recent practice in IRAN. Due to lack of financial resources,
it is usually not possible to built wastewater collection treatment
and disposal facilities as a single project. Therefore in past
number of farms in the province were irrigated illegally with
untreated sewage. Recently, the government prohibits strictly the
use of untreated wastewater, and water quality standards regulating
irrigational wastewater reuse are set in IRAN, and wastewater reuse
will be under control of the authorities, and illegal access to the
wastewater source will be minimized in locations where wastewater
is demanded. A recent, environmental protection organization of
IRAN , underscore the importance of a comprehensive policy for
wastewater management and guildlines for the reuse of treated
sewage water for crop production in sustainable and environmentally
sound manner.

The quality of wastewater produced depends on many factors, among
which the most important are the initial quality, the system used
for treating wastewater and the efficiency of operatic and
maintenance of the treatment plants. Also, the guality of treated
wastewater should be adjusted with the condition of soil and the
kind of crops (westcot, D.W.,and Ayers, R.S.1985).

There are many of quality-related characteristics of wastewater
which need to be considered, depending on how the water will be
finally used. Among the various characteristics that may need to be
considered, the following of particular importance (Biswas, 1993;
Who, 1989) :

1 - Solids, 2 - Heavy metals and other chemicals, 3 - Color, odor
and foam, 4 - Biological quality criteria, 5 - Nutrient, 6 =
Salinity and solidity, 7 - Toxicity

The value of these parameters depend on the condition of soil and
irrigation systemn.

The main objective of this study was to evaluate the performance
of RBD system for treatment of dairy waste, so that the effluent be
usable in rural areas.

MATERIALS AND METHODS

The rotating disc unit contained three stages of disc, arranged in
series, with 20 discs, of the diameter of 80 cm and thickness of 4
mm are arranged at distance of 20 mm and direct-coupled to the
central shaft as shown in Fig. 1. The material used for the disc
should be light-weighted and corrosion free such as polyethylene
and plastic. The distance between the discs is about 2cm in this
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case but due to the film thickness of attaching microorganisms, it
should be taken wider 1in the case of highly concentratec
wastewaters (Vossoughi, 1990). As to the thickness of the disc, the
smaller the thickness the more effective is the disc because the
surface area of discs per unit volume (per central shaft) can be
larger. Similarly, the larger the diameter, the more effective i
the disc (Antonie,1974).
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Fig.l.Schematic Diagram of R B D umt.

In a tank having a semi-circular cross-section matching the
dimensions of the disc, the disc is submerged to about 45% of the
entire surface in the sewage water and rotated slowly in the flow-
down direction of the sewage water. The maximum peripheral speed is
about 18 m/min.
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FFig.2 Flew Diagram of the treatment system

Figure 2 is a flow diagram of the treatment system. Raw waste flows
to existing aerated holding tank which were converted to flow
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:qualization tanks. Nutrient addition and pH control were also
nstalled at this point. Wastewater is pumped to the RBD unit,
ntermediate and final clarification are incorporated into the same
:ankage as the rotating contractor units.

‘able 1. Characteristics of raw wastewater

>arameters Average Maxi.
femperature (C) R ] 32

>H 6.8 7.8
I'Ss (mg/1) 325 510
30D ., 536 1050

~0D 00 1020 2150

I'N (as N) (mg/1l) 80 300

TP (as P) e 50 210
Srease and oil ,, 40 90
leavy metals 6 Nil Less than 0.02
Fecal coliform

Zount/100 ml 7.8%10° 4.53%10"

The sewage water to be treated is raw dairy wastewater. The
composition of this raw waste is given in Table 1 and was such that
the solution was buffered at pH of 7.0. Routine chemical and
biochemical analysis were made for biodisc influent and effluent 24
hours composite samples. The COD was measured daily on a Technicon
Auto Analyzer. All others tests were conducted according to
Standard Methods for the examination of water and wastewater (1989,
17th ed.).

RESULTS AND DISCUSSION

Results of the analysis of samples collected daily over a period of
one year indicated that raw waste characteristics arev consistent
with a sewage near average strength. The COD ranged from 300 to
2150 mg/l, with an average value of 1020 mg/l. Corresponding BOD;
ranged from 200 to 1050 mg/l with an average value of 536 mg/l.
Performance criteria for hio disc treatment system generally have
been based on removal efficiency, i.e.percent reduction of some
wastewater component between influent and effluent and on the
hydraulic loading rate of the unit.

In this study, for all parameters except volatile and suspended
solid, the removal efficiency was calculated as the difference
between the untreated blended influent concentrations and the
clarified effluent samples. Data were collected over a 10 months
period during which the unit was operated at various loading rate
and at varying wastewater concentration.

In each hydraulic flow rate, after an initial accumulation period,
equilibrium was established, and at this time detailed data
collection commenced.
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Figure 3 shows BOD removal as a function of applied BO
concentration for three different hydraulic loading. Data at th
lowest hydraulic loading show a linear relationship between BO
removal and BOD applied for BOD concentration well beyond 100
mg/l, which indicates that the process is exhibiting first orde
behavior within that concentration range, because a give
percentage of the BOD is removed, independent of the influent BO
concentration. For the two higher hydraulic 1loading, a linea
relationship extent over a much shorter BOD concentration range. A
the trend line for these two higher loading begin to depart fro
linearity, the process departs from first-order behavior. As stil
higher BOD concentration, the trend lines begin to approach
horizontal position, which indicates that the process is no
approaching zero order behavior. At this point, further increase i
BOD concentration will not result in additional BOD removal
Figure 4 shows the percentage of reduction and the effluen
concentration for BOD and suspended solids as a function o
hydraulic 1loading on the disc surface area. BOD and suspende
enlide ramnvale ac hwnh ac Q2% and 98% v-n:-nar-i-1un'|\v whore :nh1nnn
at a hydraulic loadlng of apprOXJmately 0. 18 m'/m?. day. This yiel
ef fluent BOD and suspended solids rnnFPnfrahnn of ahout 30 to 4

mg/1. 90 " oD
i ¥ aze
00 %S S
- A EE g
E
& 70 -
5 -
o
o 60
e -
= co -.
o .
[&]
4 -
g 40
= \ ~
20 9 -
"
20 :
] . ymesem e ey iy ——
0 02 n4 nea oa [} 12 4 18

Hydrauhc Loading (md/m2 day)
Fig 4 peicentage ol BOO and S §. as a lunction of Ilydiauhc loading
The development and predominance of ammonia oxidizing organisms i)
the process has been found to be primarily a function of BO!
concentration. At high BOD concentration, these organisms canno
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compete with the more rapidly growing carbon oxidizing organisms
and are diluted out of the process through population dynamics. To
>oroduce a final effluent of 85% ammonia removal, however, it is
1recessary to produce an effluent BOD concentration near 30 mg/l.

immonia nitrogen removal deficiencies under the various hydraulic
flow rates are shown in Figure 5. For the flow rate below 0.2
n'/m’.day, ammonia removed at least 0.75%.
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Fig.5 Percenlage of ammonia.N rernoval as a funclion ol hydraulic loading

rhe results of heavy metals, grease and oil and fecal coliform
count analysis in the final effluent show that the quality of
treated effluent is acceptable for irrigation with compared the
maximum levels as recommended by other investigators (Camp dresser
and Mckee, 1980).

CONCLUSION
A survey of the dairy wastewater treatment by the Rotating Biodisc
system indicated that efficient treatment can be carried out with
the least supervision and technical requirement. The biosurface
removes at least 90% BOD, 85% SS and NH,-N with a flow rate of 0.18
m’/m*.day. The results also show that the value of conventional
parameters such as BOD,COD,ammonium, suspended solids, oil and fecal
coliform in the final treated efflueqt are well below as the
effluent can be used in irrigation.
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ABSTRACT A plane-by-plane procedure which computes pollutant concentrations on a
fine grid using the interpolated mass fluxes and turbulent viscosities produced on a
coarse grid by a three dimensional transient code is reported. The method allows an
efficient use of computer memory at the expense of slightly increased calculation time.
‘The validation  of the method has been achieved by comparison with available
measurements in five monitoring stations situated in the Attica Peninsula, forthe day
25/5/1991. The results obtained are in good qualitative and mostly acceptable quantitative
agreement with measurements. The procedure can be generalised to any conservation
equation which is decoupled from the flow equations.

1. Introduction

The evermounting pressure, both at national and international levels, on countries to reduce
and control pollution outputs- from major industrial sources such as thermal power plants as well
as from traffic- has resulted in aneed to evaluate the effects of various pollutants on human
health and also on the environment. In general, this evaluation is not easy to carry out practically,
especiaiiy in regions oi’ compiex topography and one must have recourse 10 numericai modeis to
provide the flow field and subsequently the pollutant concentrations.

‘The air pollutant transport models proposed so faruse a terrain following the co-ordinate
system (Glekas et al (1), Taw and Turco (2), Williams et al. (3)). This methad facilitates the
incorporation of boundary conditions but has two disadvantages: grid generation is necessary
before starting flow field computation, and the equations become much more complex than their
cartesian counterparts. As a consequence, high computational costs and errcis are unavoidable.
Furthermore, local grid refinement requives the generation of two (or miore) grids separately and
their matching. The matching is an iterative process and consumes an excessive amount of
computing time.

The procedure herein reported uses a cartesian grid and collocated arrangement of variables .
The ground was approximated using the porosity technique(Fig. (2) ), which takes into account
cells composed of  fluid and solid(earth)., This method replaces the more common but less
accurate procedure of approximating a three dimensional boundary by a broken surface with
segiients parallel to the coordinate lines. The collocated  storage of variables(Rhie and
Chow(4)) was employed instead of the staggered grid arrangement used by previous models
(refs. (1,5-7)) hecause it leads 1o the rednction of storage requirements.

The devejoped method was vaiidaied by simuiaiing poiiutant transport over the Attica
Peninsula (Fig. (1)) for which emission measurements are available.
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2. The plane-by-plane procedure

In previous computations by the NTUA CFD group (ref. (12)) a 36x36x29 coarse grid-
covering the whole solution domain which extends up to a height of 6 km- and an inner
refinement mesh 35x35x29- covering the subdomair shown by a rectangle in Fig. (6)- were used
to obtain the wind field overthe Attica Peninsula during the day of 25/5/1991. The industrial
zone from which most of the pollutants are emitted is locatecl within the subdomain. The coarse
grid line spacing in the X and Y directions was uniform and equal to 2 km. The local refinement
grid employs an increment of 1 km in both directions X and Y. The minimum spacing in the Z
direction is 20 m (cells in contact with the ground). It grows by a faclor of 1.075 up to 400m and
then by a factor of 1.2 throughout the remaining distance.

Because the concentration equation is decoupled from the remaining flow equations, one
can compute pollutant concentrations once the continuity, momentum and temperature equations
have been solved simultaneously. One can thus obtain the mass fluxes across the control volume
faces using the above coarse mesh and the procedure described in ref. (12) and subsequently
use these fluxes to solve on a finer grid the concentration equation on its own using the plane-
by-plane procedure described hereafter . The fine grid is obtained by dividing the original cells
in 2, 4, 8.... subcells according tothedegree of refinement desired. The procedure permits an
increase in accuracy at the expense of slightly increased computing time.

2.1 Discretisation of the concentration equation in a plane
The species concentration equation can be written in tensorial form as:

J ]
ot 6xj dX;

A T | ]
o ox, PuCtO, )

ApC) . apC) o [p ac  —) -
00,800 _ 2 [ )
where (.)s represents the pollutant emission rate.
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Upon replacement of the correlation -pu;c by }—la— , the equation takes the form:
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¢ ]

).
b, v, a("C)=i[(i+ﬂ £J+Q; @
J

)
ot boox;  Ox;\ e o, Ox;

Equation (1) is discretised in the plane i by integration over controle volumes which
extend between planes i-1 and i+l as shownin Figs. (3) and (4). Discretisation is performed for
nodes (j,k) with j=2...nj-1 and k=2..nk-1 to obtain a set of (nj-1)x(nk-1) algebraic equations
which are solved by the TDMA algorithm. The algebraic equation for node (j,k) is:

(Ap -Sp) Cp=AN Cn +As CstAg Cpt+ At Cr +(Sct+ Ag Ceg+ Aw Cw) 3

The array C and the coefficients and sources in Eq. (3) are all bidimensional. The
arrays Cyw and Cg contain the concentration values in the planes situated atthe west (i.e. plane
i-1) and at the east(i.e. plane i+1) of the plane considered. The values in these planes are taken
at the previous iteration and are lumped with the source term as shown in the equation. The
source term Sc contains the pollutant emission, the old values of C (at time t-At) resulting
from the discretisation of the first term in Eq. (2) and the values Cgg ,Cww, Cnn, Css ,Cag and
Cqr at nodes (i+2) ,(i-2), (j+2), (-2), (k-2) and (k+2) due to the use of the BSOU scheme.The
source Sp contains the term which results from the discretisation of the first term(the temporal
term) in [q. (2).The values Cg; and Cww are contained in bidimensional arrays.
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2.2 Algorithm of the plane by plane procedure
The equation set (3) is solved for planes i=2....ni-1 covering the computational domain. The
calculation procedure for time t=(y4+At can be described as follows:
1. Read initial values of C in planes (i-2), (i-1), i, (i+1) and (i+2) from file fileini and the
old values of C ( Cgyjg) in plane i (at the previous time) from file fileold
2. Obtain the convective fluxes and viscosities at the six faces of the controle volume by
interpolation from coarse grid results.
3. Calculate the coeflicients and sources in Eq.(3). Apply the porosity technique to cells in
contact with the ground.

4, Incorporate houndary conditions for plane (},l‘\ Underrelay the |f-c|‘|[f|ng cet ul'equations.
5. Solve fornew values of C (Cyew) inplane (j,k) byusingthe TDMA

6. Write C,, values in lile filenew

7. Apply steps | lo 6 to planes itl....ni-1

8. Write contents of filenew in fileini

9. Steps 1-8 constitute one iteration. Perform as many iterations as needed (or convergence.

2.3 Interpolation for the facial mass fluxes and turbulent viscosities

'igure 5 shows a controle volume (1,J,K) of the coarse mesh which has been divided into 8
controle volumes to constitule the fine mesh. Leti,j,k be the indices in the fine mesh of node (I-
I, J-1, K-1), the indices of the controle volumes resulting from the divisionare obtained by
adding | or 2 (o these indices. The facial mass fluxes are interpolated by assuming equality of
mass fluxes for all fine-mesh faccs situated on the same coarse-mesh face and by satisfying
continuity for any volume made up of two or mcie fine-mesh controle volumes. Thus:

ct(i+1,j+1,k+2)=CT(1,J,K)/4.0, ce(i+2,j+1,k+1)=CIL(1,],K)/4.0 and

en(it 1§42 k+1)=CN(I,J.K)/4.0, etc...

ct(i+1 j+ 1k 1)=(CT(1J,K-1)-[CN(LJ,K)-CN(L,I-1,K)+CE(1,],K)-CE(I-1,3,K)}/2.0)/4.

ce(i+l j+1,k+1)=(CE(-1,J,K)-[ CN(1,J,K)-CN(1,J-1,K)+CT(1,J,K)-CT(I,J,K-1)}/2.0)/4.
en(i+1,j+ 1k +1)=(CN(L,J-1,K)-[ CE(LJ,K)-CE(I-1,J,K)+CT(1,J,K)-CT(LJ,K-1))/2.0)/4. etc. (4)

These formulaes can be generalised to any division numbeis ny , ny and n,. The turbulent
viscosities at the centres of the [ine grid controle volumes have been found by linear
interpolation.

3. Results

The validation was carried out using the domain shown in Fig. 1,which represents the Attica
peninsula. It consists of mainland covered largely by mountains, sea and two islands. The iso-
height contours of this domain are shown in Fig. 6 along with {ive measuring stations . Only two
pollutants were considered in these calculations: SO; and CO. The results are produced with a
72x72x58 grid obtained by dividing the increments of the coarse grid by 2. Calculations were
performed for the 24 hours of 25/5/1991. The running time of each time increment is around
30 minutes. Hourly measurements are available throughout the whole day.

The pi redicted conceitiations in the lTxOuuus, afternoon and G'V'Ci]iilg aic Ti‘]?fCS(,‘ihed
respectively in Figs. (7),(8) and (9). In the morning, both CO and SO, are dispersed over large
areas extending from the industrial zone to the south east of the peninsula. This dispersion is due
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to the land breeze generated on mountain slopes. Concentrations are high due to heavy
industrial activities and traffic during this period. In the alternoon, the concentrations over the
surface are very low. The pollutants are transported to the upper layers of the atmosphere thanks
to the deflected sea breezes which move in a north-easterly direction. The deflection occurs as
they meet with the sea-breeze coming from the north. Sea breezes are born as the sea temperature
becomes lower than the land temperature during the sunshine period. In the evening, the land
temperature becomes lower than the sea temperature, this leads to the establishment of a
downward land breeze which carries pollutants in a south easterly direction.

Figures (10 a-f) compare the measwred values at five monitoring stations with the
predicted values. All the curves possess two maxima: The first one occurs in the morming when
car (raffic is heavy and stable flow prevails over the basin. The second peak, with a smaller
intensity, forms in the evening as the atmosphere changes from an unstable state to a stable one
in which low velocity land breeze favors the accumulation of pollutants. During the period
separating the two peaks, the atmosphere is more or less unstable allowing dispersion of
pollutants towards the upper layers and therefore their reduction in all the measuring stations.
The predicted values are in good qualilative agreement with the measurements. The
quantitative disagreement must be due on one hand to the interpolated fluxes and viscosities
whose errors have outweighed the accuracy gained by mesh refinement. On the other hand,
the measurements are taken at certain observational points whereas the numerical results arc
averaged values inside relatively large computational cells(1x1 km). The latter may be the cause
of the cousiderable underprediction of pollutant concentrations in the Patision measurement
station which is located over one ol the busiest streels of Athens.

4. Conclusions

The plane by plane procedure developed in this work peimits at Jeast a qualitative
assessement of pollutant transport over complex terrain. It also allows an optimal use of
computer memory at the expense of slightly increased computing time. The few intolerable
quantitative differences between predictions and measurements occur especially in regions
where volume averaging reflects reality badly.
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STUDY OF THE CONDENSATION ON A " GEFCO "
LOADING PLATFORM AT SOCHAUX

A_Hadjadj, S.Maamir , B.Zeghmati and D.Rondot
Laboratoire de Métrologie des Interfaces Techniques,
LU.T de Belfort-Montbéliard, Rue Engel Gros, 90016 BELFORT ( FRANCE )

ABSTRACT : The authors present a theoretical and experimental study of the condensation on a
loading platform of " GEFCOQ " company at Sochaux, A computer program was elaborated in order to

oraer o

analyze the influence of different parameters as the thermal characteristics of the local, the air
temperature, the relative humidity, the opening of the door in the building, the wind velocity and the
solar radiation on the condensation. It has been shown that the heating of the ground can avoid the
condensation. Our numerical results show that a sufficient contribution of heat on the ground allows to
suppress the condensation phenomenon,

Nomenclature

C
Ca

. air mass concentration in the building ( kg water / kg moist air )

. air mass concentration in the ambient ( kg water / kg moist air )
Cp : specific heat at constant pressure of the building material (J/kgK )
C. : interior medium concentration ( kg water / kg moist air )
D : mass diffusivity of the water vapor (m?/s)
g :gravitational acceleration (n/s?)
HI| : coefficient of heat transfer by convection between vertical wall and ambient air due to wind
(W/m*K)
H2  : coefficient of heat transfer by convection between vertical wall and interior air (W/m® K)

HL2 : coefficient of heat transfer by convection between vertical wall and interior air (W/m* K)
1LY coefTicient of heat Liansfer by convection between vertical wall and ambient air (W/m”)
HM2 : coefficient of heat transfer by convection between horizontal wall and interior air (W/m*K)
HM : coefficient of heat transfer by convection between horizontal wall and exterior air (W/m” K)

Ke
Ks

KA:

|

h
Ly
P
q

IS
t
T

sul

U
\%
X
Y

11
T 2
T

thermal conductivity of the building material (W/mK)
. thermal conductivity ofthe ground (W/mK)
thermal conductivity of the air (W/mK)
horizontal wall length (m)
. vertical wall height (i)
- latent heat of evaporation (J /kg)
. pressure (bar)
. heat flux density (W/m?)

. moisture content ( drying basis ) of the air_ Greek symbols
: time (s)
temperature (K)
: ambient temperaturc (K) ‘I’ . relative humidity
intetior medium temperature (K) p : density (kg/m’)
. temperature of the ground (K) p: dynamic viscosity (Kg/m.s)
. velocity in X direction (nvs) o Stefan Boltzman constant (W/m’K*)
. velocity in Y direction (m/s) € : emissivity coefficient
: axial coordinate (m) Br : Volumetric coefficient of thermal expansion(K")
: transverse coordinate (m) B¢ : Volumetric coefficient of concentration expansion

( kg water /kg moist air )!

I) Introduction
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Combined heat and mass transfer neighbor a wet plate, in vegetal cover and inside cavities are
vestigated theoretically and experimentally because they are encountered in many economic applications (
using problem, drying, .......... ). The control of the air in the building take a big importance especially in the
tablishment of the conditions regulation convenience with heating and cooling system. Since, the initial
proach of Nusselt [1] the problem of the film condensation had been studied by several authors [2, 3, 4].
1e subsequent development of this analysis have a tendency to release the Nusselt restrictive hypothesis.
umerical and experimental solutions for fully developed flow in air cavities have been studied extensively.
scording to our bibliographic knowledge, only a few studies have considered simultaneously heat and mass
mnsfer by natural convection in cavities.

The present work is a combined analytica! znd experimental investigation into the thermal behavior of
loading platform of the GEFCO company localized at Sochaux (France). Observations doing by some
orkers of this society show that the condensation of the ambient air vapor circulating in the local occurred
ter a long spell of cold weather (negative temperature) followed of warming up. The condensation take place
first neighbor the opening then it propagates on the platform and on goods. However, the condensation on
e platform is more important than on goods because the goods thermal characteristic ( Heat capacity, Heat
mductivity ) are different from those of the air and the ground.

) Analysis

The ambient air which enters the building transpoit a quantity of heat which depends on its air
>lume, its temperature and its relative humidity (fig.1). This air yield some heat to the building air and to the
-ound. When an abrupt warming up, the air overheat more rapidly than the ground, so the air is moving
>wn. Hence, the condensation phenomenon result of an ittversion of the temperature gradient between the
round and the air.

In order to fear a parameters which have an influence on the condensation, we have elaborated a
eoretical model which described the heat and mass transfer in the building, on the platform and in the
wironment. In the building the heat and mass transfer take place by natural convection.

Snbas il

< Culling
Intarnet Eseaniar
., Wl Iwierwi tha bulidlay Ewweectinm s meraiiaie
3 v tTin.Conl k-
i T n.Com s e I e
j — NS
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il I Vatiinan ~ib
e [ ntaion

Figure 1 A Schematic scheme of heat and mass transfer in the building

he goveming equations in cartesian co-ordinate for laminar flow are :

continuity
U av
—+— =0 @))]
ax oy
momentum
U U U
— Y — W — =—— +—V U 2)
M A X p
v W W WP u ,
M — = —— 4=V —gB (T =T ) +g8 (C -C ) 3)

ot ax aY a p
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- energy
ar AT T K,

— y— — = v'r (4)
& X oY oC
P
- diftusion
ac ac  ac i
LS Ed P LE Y, ()
o ar oy
2 2
3 ]
where : v? =—a 7 (6)
ax’ o

To complete the formulation of the problem, it remains to define the mmal and boundary conditions,
Wlilbll aie .

Under initial conditions : U=V = 0, T=Ta
The boundary condition is the no-slip condition on the wall :

aT
At X=0 K, — 0603

=H1(T—Ta)+ve(T4 -Ta4) , HL=-8V

or
K, — =HUT T ) +oer? -1 4 L H2=a04v+n 4)0605

av

o ) (T‘Tm) 0.25
At X=L K, — =HLAT -T_ y+oe(r? -1 “) , HI2-029
P ax
T ) P2
—=HL1(T—T ) +oe(r? -7 4) , HL1= 029[—] (@)
ac
At Y=0 -K —=—K —-p D—
S oy Aoy ty ay
o -t ) 025
At Y=M K, —=HM2T -T )+oe(1 T 4) |, HM2=027

P oy m 1

125
or P (-1 2
K — =HM\T -T Y+oe(T" -T %) | HM1=027
P ar a a 1

i) Numerical Solution

The equations (1-6) and the associated boundary conditions (7) are discretized by the control
volume technique and based on the ‘’power-low’’ scheme of Patankar [5]. The discretization procedure
gives an algebraic equations which the coefficients were shown in table 1. Then, they are solved using a
line by line method. The pressurc and velocities are linked by the SIMPLE algogithun [6] and the final
computations were carried out for a grid containing 17*25 nodal points.

Equation ® Te Source term Sq
Continuity 1 0 0
X - momentum U ufo ar
equation —;
Y- momentum A ule 2 @ Tem )
equation et ‘
Energy 6 K/ pCp 0
Concentration 0 D 0

Tableau 1 : Dependent variables @ , corresponding Diffusion coefficient and Source term.
1V) Experimental analyses

To verify the theoretical analysis, experimental measurement have also been made on the
platform of Sochaux. A series of measurements of the ground temperatures in the local have been
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realized on moming and aftemoon during one week (Fig.2) with a MPM 4000 (Multicaptor central).
A visualization of the ground temperature field, side wall and ceiling with an Infra-red camera
AGEMA 400 has shown a uniformity of temperatures on those walls but not on the comers.

V) Results and discussion

The mathematical model and the code program elaborated have been validate of a confrontation
between the theoretical and experimental results (the ground temmperatures and the meteorological data
of Montbéliard-Sochaux station [7]) (Fig.3).

The theoretical results show that the temperature and the air humidity of ambient air affect
significantly the condensation phenomenon (Fig.4, Fig.5). The ambieot air comes in the local with a
temperature greater than those of the platform. This difference between the two temperature induces a
flow of the air to the load which produce the condensation. So, it can be seen that the increasing of the
ambient temperature and humidity develop an increase of heat transfer between the environment and
inside the building. The heat arrived inside the building by convection between outer wall and
environment, then by convection between inner wall and inside the building. The result is an increase of
the average temperature inside the air of the building which became superior to the ground temperature.
These conditions produce a condensation on the platform. We have shown that the condensation is a
result of an abrupt contribution of heat on the ground which is maintain during a sufficiently long
period at temperature relatively Jow. The opening of the door building (situated on east side) created a
draught of temperature and humidity different of those inside the building (fig.6). This air mass gives
the building some quantities of calories to warm up. If the heat contribution is sufficient, the air
temperature neighboring the ground advance up to the dew temperature, after the condensation starts to
appear on the building platform.

The figure 7 shows that when the ground is subject of a thermal source (Radiation, convective)
a part of this energy is absorbed and transferred in the ground by conduction. So the ground
temperature become superior to the air temperature. Hence, the consequence is that the maximum value
of isotherm is neighboring the ground, therefore the condensation is omitted.

V1) Concluding remarks

To suppress the condensation phenomenon observed on a loading platform of " GEFCO "
Company at Sochaux, the gradient temperature must be inverted in that manner the ground temperature
is neighboring or superior to the air temperature.

Several solutions are envisaged to remedy at this phenomenon, in this way the results analysis
previously presented induce the following recommendations :

- warming up the ground. .

- using a special ground materiel which the heat capacity and the thermal conductivity are
neighboring those of the air. The thermal inertie of the two mediums should be very neighbor.

- isolation of the building wall and the ceiling in order to avoid a very important variation of the
temperature in a different medium constituting the building.
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Staternent of the ground temperature on tne plalform (ceisius degres)
days hours position
| 2 3 4
Maren 17,1995 1045 9.30 9.00 9,20 3.10
March 17.1995 18:45 10.30 10.80 9,90 10.50
March 20. 1995 09:00 520 520 4,90 5.10
March 20. 1995 1810 8.30 7.60 8.80 5.60
March 21, 1695 1285 590 6.80 660 5,20
March 22, 1995 11:40 8,80 8,70 8.80 7,30
March 22, 1995 19:18 7.90 8.00 8. 40 910
March 23, 1995 08:00 7.50 800 8.00 9,00
March 23 1995 17 40 1255 136 138 138

Fig 2 Statement of the ground temperature on the platform " GEFCO " at SOCHAUX

Tm = 278.09
T.=283 K
[

1sv3a

0
w =278 K
ES Te

v=50%

Tmn=293 K

15v3

Tw=268 K

WEST

V=50 %
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Fig. 7 Isotherm cvolulion when the ground is subject to a uniform and constant flux density.
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PERFORMANCE OF A VAPOUR COMPRESSION SYSTEM WITH REFRIGERANT
CYCLOPROPANEL
A. Machrouhi, M. Chariaet A. Bernatchou
Laboratoire d'Encrgie Solaire, Fac. des Sciences, B.P 1014, Rabat, Maroc.

During the last years, due to the confirmation of the depletion of the ozone layer by CFCs an

the subsequent restriction, cach time more severe, imposed by the Montreal protocol in relatio
to the use of these relvigerants, several alternative refrigerants have been evaluated
[1ydrocarbons can be good substitutes of CFCs because there thermodynamics properties ar
similar to those of CFCs, they also present very low values of ODP and GWP,
The aim of this study is to evaluate performance of the cycloprpane in domestic refrigeratios
systems. The analysis of results shows that the cyclopropane presents pood peformanc
compared to those of R12. So the cyclopropane can substitute R12 in domestic refrigertio!
systems where [Tammability can be neglected.

1LLINTRODUCTION

The CFCs were acknowledged like a pcriecting refrigerants, they are no toxic and n
flammable and doesn’t assign metals. However, it was proved in 1974 that C.FF.C. are implied i
the ozone destruction and participates in the greenhouse effect ref.(1). This implication led t
Montrcal protocol of 1987, and his amendements of where he results (he elimination of C.F.C
On this basis, several researches have been in order to find some fluids of replacement. the use o
hydocarbons is promising in this field because they present thermodynamic properties similar t
thosc of C.F.C. and prcacnts also very low valucs of ODI* and GWP.

In this study, we evaluate performances of the cyclopropane as a substitute of R12 in domesti
refrigeration systems where flammability can be neglected because the charge of refrigerant i
very weak.

2. SIMULATION METHOD

A vapour compression cycle is illustred in [ig. (1), it includes an evaporator, a compressor,

condenser and an expansion valve. -

Qeo 1
4 2
.._}...(_ _._i___

Conden
J Tcoe, Psczur Corpresseur
Vannede "
détente X Ay

Fig. 1 : Schemalic diagram of vapour compression cycle
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‘The simulation is based on mass and heat balance equations for cach component of the system:
- Condenser:
Qco=q|n'(hz_h4)
- Evaporator:
ch= qm‘(hl'hS)
- Expansion valve:
hs=h,
- Compressor:
Wmmp: qm'(hl'hl)
Where:
v is the enthlpic.
q,, the mass flow rale.
Q is the heat transfer rate
W is the work given to the compressor. .
Subscript 1.2......,5 indicates differents points of the cycle.
Subscript co. cv and comp denote the condenser, the evaporator and compressor,
respectively.
The refiigerating cocflicient of performance COP[l'is given as: COPI=Q,/W 4,

Thermodynamic properties of fluid are evaluated from a method of estimation Ref. (2) wich
requires a limited number of data: there chemistry formula and boiling temperature. This method
is based on a certain number of relations Ref. (3,4,5,6) allowing to calculate critical parameters,
acentric factor, satureted vapour pression, specific volumes in liquid and vapour phases and
calorific capacity in the vapour phase. The equation of state used is that of Patel-Teja.

3. Simulation results

We have studied the performance of cyclopropane in comparison with R12. We have {ixed a
difference of temperature between the condenser and the evaporator AT equal to 30°C.

Fig. (2), gives the variation of satureted vapour pression as a function of the temperature for
the cyclopropane and the R12. We note a similarity of the curves of pressure. This implicates the
abilily of cyclopropane to be used in a vapour compression system in replacement of R12.

40
Ps{(bar) p
. F 4
/_/
A |
30 // |
290 Cyct o ne_a/;",
yclopropa 7
R12
10
T{*C
0 e ] ———t s o {c).
0 15 30 45 60 75 20 106

Fig. 2: Variation of satureted vapour pression as a function of the temperature for
cyclopropane and R12.
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Fig. (3). gives the evolution of the as a function of the temperature of condensation fo
cyclopropane and R12. Knowing that PFV= Q./V .. |ki/m3], il constitule the initial parameler o
choice of compressor in a vapour compression cycle, with V.. the volume to of entering o
compressor. We note that the cyclopropane present values of PFV comparable with those of R12
Thercefore, for some capacities of cooling data, the utilizalion of cyclopropane needs a volume ot
the entrance of the compressor similar 1o that of R12.

6000
PFV
I .
| I
5000 |
Cycliopropane 1
4000 !
R12 {
|
|
3000
Tc(°C)
2000 —_— : |
30 40 50 60 70

Fig. 3: Variation of PFV asa function of the temperature o f condensation Tco for
cyclopropane and R12.
Fig. (4), compares the refrigerating COPf of cyclopropane and that of the refrigeran
R12 as a function of the temperature of condensation Tco. We note that the COPf of
cyclopropanc is relatively greater than that of R12.

7.0
COPf

Cyclopropane

R12

Tco("C)
| | |
30 40 50 60 70

I'ig. 4: Variation of refrigerating COP frigorifique as a function of the temperature of
condensation Tco (or cyclopropane and R12.
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Analysing g, (5). which illusrates the variation of pression ratio, PR=P_/I'.,. with the
teraperature ol condensation. 1Uis apparent that the PR ol eyclopropane is close to that of R12.
this similarity implicates the possibility ol substituting R12 by cyclopropanc withont important

changes of the compressor and system design,

&
PR

I
& |
A

Cyclopropane
R12

3
2

1 Te(C)
o

30 40 50 60 iQ

Fig. 5: Variation ol pression ratio, PRLas a function of the temperature of condensation f'co
lor cyclopropane and R12.
4. Conclusion :

We have studied in this paper the possibility of replacing the R12 by a new ceological (Tuid

which is the cyclopropane in a domestic refrigeration system, this fuid is no destruetive of the
ozone and doesn't participate in the greenhouse effect.
We have evaluated the performances of (his Tuid in the machine. analysis ol results showed that
the eyelopropane could be a good substitute of R12. Indeed. it presents values of COPFand PV
relatively similar to those of R12, the values of pression ratio, PR, ol this {luid.are similar to
those of RI2, (his similarity implicates the possibility of substituting R (2 by cyclopropance
withaut important changes of the compressor and system design. The only inconvenience of the
cyclopropane is the [Tammability, this problem doesn't present risk tor (he domestic machines for
which the necessary quantity of relvigerant is very weak about 250g Rell (7).
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EXPERIMEMTAL AND THEORETICAL STUDIES OF TURBULENT VAPOUR AND
LIQUID FILM CONDENSATION OF PURE REFRIGERANT R123.

H. LOUAHLIA et P.K. PANDAY

Institut de Génie Energétique
2. Avenue Jean Moulin - 90 000 Belfort - France

Abstract:

Results of numerical calculations for the condensation of pure refrigerant R123 and non-
azeolropic mixtures of R123 and R134a flowing between two parallel plates are presented. An
experimental set up for determining heat transfer coefficients for the condensation of pure
refligetant R123 is described. The experimental results for verlical plates are compared with the
calculated values obtained by using different mixing length models. It is shown that Groenewald
and Krager model [14] in the vapour phase associzited with the Von Karman medel [13] in the
liquid phase give mean Nusselt numbers close to experimental results The measured values are
in agreement with experimental correlation of Labunstov [17]

1. INTRODUCTION

Tha need for remplacement of chlaroflucrocarbones responsibks for the destiuction of
ozone in the stratosphere has lgad to considerable research effcrt on the use of non-
azeotropic mixtures in refrigeration systems, Non-azeotropic mixtures offer many advantages,
namely : the reduction of thermadynamic irreversibililies in heat exchangers and an increase in
the coefficient of performance for machines working on Lorentz cycle,

Various experimental work on the condensation of non-azealropic mixttires on the external
or internal surfaces of tubes are reported in the litterature |1-5]. The aim of lhese studies is to
cletermine the influence of overall mixture composition on the heat transfer caracteristics and
pressure losses. We have reveloped a theoretical model for evaluating the heat transfer in
case of forced convection condensation of binary vapour mixtures [7]. In the present article
results of numerical calcutalions for the condsensation of mixtwes of R122 and R134a flowiny
between parallel plales are presented. An expetimental <=t up for the measurement of local
and mean heat transfer coefficients for forced flow vapour condensation is described The
measured values for the condensation of pure R123 are compared with numerical results.

.

2. PHYSICAL MODEL AND RESULTS

The theoretical model is developped for the condensation of pure vapours znd binary
mixtures. The conservation equatiens for mass, momentum, concentration and energy are
solved for the liquid and vapour phases. These equations are coupled at the liquid and vapour
interface by equality of mass flux, of interfacial shear stress and of longitudinal velocity. The
condition of therrnodynamic equilibrium at the liquid vapour interface is adopted for the
determination of concentration in both phases. The calculations have been carried out with the
help of peng Robinson equation of state [8]. The liquid film surface is considered smooth (no

\ua\/ne\ and thare ig no droplet antrainement. Tha analvysis retainsg the inertia and enthalny
ang nhere NG GVl SN CMmeEnL. 102 SNaysis Tei@ins e inerua ant Snwniaipy

convectlon terms in the gouverning equations. The turbulent viscosity and conductivity for both
phases is evaluated by using models based on the Prandtl mixing length hypotesis.
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>ondensation of flowing vapour is similar to the suction of the boundary layer at the wall.
‘herefore turbulence models valid for single phase flow of air with suction of the boundary
ayer at the wall have been chosen for this study. Turbulence in the liquid phase is modeled
vithout injection or suction, The method for solving the equations has been given in detail in
eference [7].

1. Condensation of mixtures refrigerants R123/R134a between harizontal plates [7] :

Various studies have shown that the use of non-azeotropic nixtures can lead to savings in
nergy consumption upto 40% [9-10] when using cycle Lorentz in the field of refrigeration and
ir conditioning, R123 and R134a are considered as subsiitut refrigerants for R11 and R12
espectively.

In1eference [7], we show that the numerical results for mixtures of R123 and R134a flowing
elween horizontal plates and using the turbulence madel of Pleicher in both phases give
nean Nussell numbers which agree with experimental values of Mochizuki and lnoué [3] to
8%.

For hinary mixiures of R123 and R134a e rme—rrm———

aving 75% of R 134a, figure (1) shows the ; 4:;. " (610
1>an variation of the intetfacial vapout N e s s

nixture  temperatutle  (1,).  and  the | 17 R e . TGRS\ )
oncentralions of R134a al the liquid | ¢ G 10
apour inteiface in liquid (Cy) and vapour pamm———— LR _

Cu) phases It is seen that as the | O%g—%"""" —% —
ondensation proceeds, the concentratioin | g4 _V,,,-a—*”*“"'"__'" L 20
f the most volatile fluid (R134a) increases o

it the interface. A diffusive boundary layer L b
n the vapour phase is formed which | 02 | e —10

epresents a resistance to heat and mass
ransfer and leads to reduction of vapour | i )
aluration temperatuie. The lowering of the  rig (1) Condensation of non-azectropic mixiure
aluration teniperature is an  important .
aracleristic of nonazeootropic mixtures which leads to a reduction of the thermodynamic
rreversibility in counterflow heat exchangers [10].

2.2. Condensation of pure R123 between vertical plates

The influence of different mixing lenglh turbulence models on numerical resulls for heat
ransfer in condensation have been tested by the authors [11]. The resuits show hat the heat
lux obtained by using turbulence model of Pletcher [10] in the vapour phase and the Von
Carman model [13] in the liquid phase show good agreement with experimental results These
esults have been oblained for pure R123 condensing hetween verticel plates

3. EXPERIMENTAL SET UP AND RESULTS

Figure (2) shows the experimental sat up for the measurement of the mean and local heat
ransfer coefficients for pure refiigerants and non-azeotropic mixtures. It is composed of a
oiler (1) which contains the fluid io be tested, an experimernital condenser (2), an auxiliary
ondenser (3), and a volumetric flowmeter (4). The experimenta! condenser is made of two
rerticai brass plates of 1 mlength (L), 40 mm width (VV)} and 6 mm apart. Each plate is ceoled



by circulating water whose entrance
temperature can be controlled with the help of
an automatic temperature regulator. The

cooling water circuit is made of a pump (9) and
three rotameters (5, 6, 7) for the measurement
of flow rates to the auxiliary condenser and to
each plate of the experimental condenser.

At present tests have been made for the
condensation of pure refrigerant R123. For the
experimental condenser, the cooling water flow
is counter current to the vapour flow. Chromel-
Alumel thermocouples are used to measure
the temperatures. For the measurement of wall
temperatures the thermocouples are brazed in
the holes drilled on the cooling surface of the
plates. The tests were conducted with the heat
tlux between /Y8W and 155UW. |he
saturation temperature of the vapour
refrigerant at the entrance is 37.5°C. During
the experiment, the cooling fluid mass flow rale
and inlet temperature are maintained at
constant values. The vapour Reynolds number
(=MgD, /1,S) at the iniet of experimental
condenser is 2.5x10". The liquid film Reynolds
number (=(1-X,,MD, /11,S) varied from

324 to 624.
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i) 9‘(6} Gl(s) —
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(1)

o

(@)

Fig. (2) Experimental set up

My being the total mass flux of refrigerant R123. D, and S being the hydraulic diameter anc
the cross section of experimental candenser respectively. X, is the vapour quality at the exit. 1

is the dynamic viscosity.

3.1. Local heat transfer

Figure (3) gives the vapour

temperature (T,) profile and the axial
distribution of temperature of the wall
(Tw) and the coolant (T,) for each plate.

40,

35 |
I—

It is seen that the temperature | 2'_;..\‘\_‘__
difference between vapour and the wall | ¢ T ) X “:\ﬁ
increases along the length of the plate. [ § 20 £ : LY X e
[
o g 154
A least square fit is employed to K Left Plate - s =
determine  the  equations  for 104 R o :
temperature variations of wall, vapour 5 | Rig l?“" B R
and the coolant as function of "x". el
These equations are then used to 90 t 0?4 OI 68 ]
determine the axial heat flux density e : 9 :
distribution (Qy), the local heat transfer Al
T SRR e T TG L Fig. (3) Axial evolutions of tomperatures

(Xvx). These caracteristics (Qy, hy and
Xyx) are calculated from the following equations

FigvA



L, ML (0. .
o 2x WA dx
*h,= Qx /(Ts,x - Tw.x) (2)
li=1,-(2W M
o x 2t -l - (2WQ, IMg) 3)

I, -

vx o fx

M. being the total mass flux of the cooling fluid. Irx and I,x are the liquid and vapour local

enthalpies of refrigerant R123 respectively. |, ; is the vapour enthalpy of refrigerant R123 at the
inlet of condenser test

“ !
25
—— Q,[x 104 W/m2 | = (%
—— N [kW/m2 K]
2t —e— Liquid qualily (1-X,)
1.5 i . v %
\\h1
i 0.8
Tos
05 ¢ 704
0.2
0 1 T 1 1 0
0 0.2 04 0.6 0.8 1
x [m)

Fig. (4) Axial evolutions of hy, Qx and (1-Xy.y)

Figure (4) shows the variation of local heat transfer coefficient {hy), heat flux density (Q)
and the condensate quality (1-X,,) for saturated vapour of R123. It is seen that the heat flux
density is practicaly constant and the local heat transfer coefficient diminishes along the length
due to the increase of the temperature difference between the vapour and the wall (fig. (3)).

Figure (5) shows the variation of the vapour i
quality at the outlet of the experimental i
condenser. It is seen that an increase of the 5 08t
difference between the temperature of the wall ) '
and the vapour helps condensate formation © g BN f
The vapour quality X,, is calculated from i I | |
the following equation : 3 N,
Q . .
g oz27f
lyi~l,—(2WQ /M
Xyp = )‘v'_ﬂ’._._(_._, ‘_,,E__,,,_iz (4) 0 4 5 3 3 %
Voo o 6 8 10 12 14 16
Ts 'Tw

Fig. (5) Vapour quality profile (X0

3.2. Mean heat transfer

The mean heat transfer coefficients are calculated from the following equation :
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|m('-(:'l-' b - \.
m = QL /(Ts‘ m~ Jwm) avec. Q = _ZW_( ! emo 7-1c.mi) (5

h

The total heat flux density (Q,) is evaluated from the coolant mass flux for both plates (M,

and the difference of mean temperatures at the inlet (T.m) and outlet (Tcmo) of the cooling
fluid. Mixing chambers fitted with two thermocouples each are installed at coolant inlet anc
outlet to measure these temperatures

Figure (6) shows the variation of the mean Nusselt numbers (Num) for turbulent fiow
obtained by using the Groenewald and Kroger turbulence model [14] in both phases. The

for the liquid phase associated with the model of Gruenewald and Kroger for the vapou
phase, are also shown. It is seen that the calculated values obtained by using the Groenewalc
and Kroéger model in the vapour phase and the Von Karman model in the liquid phase are
close to experimental results. The measured values are in good agreement with the empirica
correlation proposed by Labunstov [17] for the condensation of R12 and steam. For lamina
flow (jy = 2, = 0), the calculated values are in agreement with the ecqitation of Fujii and tiehar:
[18] for faminar film condensation on vertical piate. Results obtained by using the {urbulence
medel of Koyama et al. are in agreement with those given by the cortelation of Chun and Kin
[19] for turbulent film condensation of stagnant vapour

o Laminar model o Madels of Groenewald and Kréger [14]
¢ Lahunstov [17] intwo phases
¢ ewaAl 2] del
o Measures ;:)rje;:f:)vradel Kroger [14]) modlel and
O rujii and Uehara [18] 4 Von Karman [13] ¢ Granville (15)
A& Chun el Kim [19] = koyama el col, [16]  Plelcher [12]
e
20 | . 9 -
— x
5 o x ¥R Harr %t %
el 9% RYWWR R g g g
&
3 14 x & & & !
=z
ol BEEEREEI GG 4
5 i t i 1
6 a 10 12 14 16
T, - Ta

Fig. (6) Comparison of mesured and calculated
Nusselt number by different turbulence models

4. CONCLUSION

The results of numerical analysis of film condensation of pure R123 and of nun-azeopliopi
mixtures of R123 and R134a are presented. The variation of the saturation temperature ant
concentration along the length of the condenser for the condensation of non-azeotropit
mixtures of R123 and R134a is shown. The calculated values for pure R123 are compare
with experimental results for counter current flow of vapour and coolant. The influence o
different turbulence models on condensation heat transfer in forced convection, is shown. The
theoretical model using turbulence model of Groenewald and Krdger or of Pletcher in the
vapour phase and the model of Von Karman in the liquid phase gives satisfactory agreemen
with experimental results.
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MATCIBNG OF ANAEROBIC DIGESTOR AND DIESEL ENGINE-GENERA TING UNIT

by
Eng A. Moustafa', Dr.S.M. El-Haggar’, Prof. A Gad EiMawla'

ABSTRACT,

The prosemt work has been conducted to establish a scientific method for matehing
an anaerobic fermentat’ion digestor using animal dung, with a Diesel engine
power generating unit, in such a way to specify the digestor capacity, suitable for a
specific energy requirements.An experimental model consisting of an Indic type
digester connected to stationary ,constant speed, single cylinder 3 kW Diesel
engine power generating unit, was designed, constructed ,and tested in the luboratory
{o obtain a comprehensive understanding of iheir performance.

The Diesel engine was operated with dual fuel,( biogas and diesel fuel). A
performance map was derived and developed 1o express the ability of the digester o
satisfy the different loading conditions of the engine at different mass fuel
ratios,(Mb:Md)..Dimensional analysis was carried out to compile the geometric and
operating variables of the digester to establish a relation that can be used to
demonstrate the effect of the duily loading rate on the biogas generation using
different digester capacities ond different solid concentrations.,

The present study provides means fo match geomeltric and dynamic purameters of a
digestor with a specific power requirements within the applied range.”

NOMENCLATURE

L.R  daily loading rate

M, mass of biogas

My mass of Dicsel fucl

M, ruass of fermented material
t retention ime

T.S total sohds

-

Vb The daily biogas production

Vy digestor capacity

1 Ain Shams University, Faculty of Engineering, Abbasia, Cairo, Cgypt.
2 The American University In Cairo, Engineering Department, Cairo, Egypt
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INTRODUCTION

For many years, biogas was considered a waste by-product of animal manure,
sewage sludge trcatment and garbage landfills, and was simply flared to prevent
injury to personnel as well as the surrounding community. However. In recent years,
Biogas has been recognized as an anaerobic treatment, and a valuable source for the
thermal and electrical energy requirement especially for the rural communities.

The research and development of modifying a Diesel engine to use started
few years ago, but their fundamental basis, for the matching process seems to biogas
need further investigations.

One of the first applications to convert Diesel engine to accommodate the
biogas was studied by Jiang, chang-gui (1989). He proved that the compression of
biogas is possible and the application of biogas as a fuel for dual fuel diesel engines is
fcasible and economic.

Walsh and Ross (1989), presented a detail study and extensive tests on
utilization of biogas in diesel engine. The results showed that biogas can be safely
employed for part substitution of the scarce diesel oil.

Irvinder Singh and Mittal (1992), studied the effect of induction rate of biogas
on the engine performance indices. The engine efficiency was improved with part
substitution of diesel by biogas.

Bhattacharya and Bachchan Singh (1988), studied the modification of 1 C.E.
10 run on biogas diesel fuel and the effect of changing the injection limings for the
dual fucl operation. The results showed the feasibility of modifying an . C.E. and the
injection timing should be advanced to 30° BTTXC for efficient opcration.

The purpose of this work is t obtain a comprechensive study of the
performance of the anacrobic digestor as well as a comparative study to the thermal
eflicicncy of the engine, on dicsel fuel and dual fuel (biogas + pilot diesel). In
addition, the foundation ol the matching process between the engine and the digester
can be employed through dimensional analysis and mathematical correlation.
Extrapolating the results will gencralize the matching process for any number of
cattle’s to any power demand.

EXPERIMENTAL SET-UP

A four stioke, single cylinder, Diesel engine, type Usha, with a raled power of
5 HP at 1500 r.p.m was selected for the present study. The bore and stioke of the
cylinder were 80 and 110 mm respectively.

The engine was suitably modified for the induction of biogas through a mixer
fitted at the infet air manifold to provide the combustion chamber with a proper
homogenous air-biogas mixture .
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The amount of bingas necessary for the experimental work was generated
from the anaerobic fermentation of cow dung fed into an Indian type cylindrical
digestor of capacity 2.65 m3,

Two different sets of experiments were carried out for diesel and dual fucl
operation. During the dual fuel operation, the engine was initially started on diesel
fuel. Biogas was then admitted gradually, while the Diescl fucl supply was
automatically reduced under the action of the speed governor till the maximum diesel
ficl icplacement aliained. Peifonimance on duai fuel operation was then made by
loading the engine gradually and different observation were recorded.

RESULTS AND DISCUSSIONS
a -The Digestor Performance

Anexperimental study was perforied on a 2.65 m’, Indian type digestor using
animal dung with total solids of 17 5% as a raw malecrial for the anacrobic
fcimentation process. A freshcharge of 1250 Kgs mixed with water in 111 ratio is
initially loaded into the digestor.

Generation of biogas took place at the begining with a very low rate, then it
gradually increased to reach maturity afler a period of 40 days with a maximum
production rate of 0.76 m" daily as shown in Fig.(1).
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Fig.(1 ) Volumetric analysis of biogas contents during the generation

of biogas from the anercbic fermentation process
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The digestor generates gases at a daily rate of 0.76 m’ for 50 days (retention
time). After 50 days the production starts to decrease gradually. To maintain constant

rate of generation, a daily loading of 45 Kgs of {resh waste was fed regularly into the
digestor.

Volumetric gas analysis was done regularly at the Petroleum Research

Institute, every three days. The generated gases consists of two main constituents
namely, CH, and CO, with volumetric percentages of 68% and 30% respectively with
an average calorific value 0f 22540 KJ/m'anda specific density of 0.97 Kg/m]
approximately.

b- Fngine Performance

The enginc was tested on Diesel and dual fuel fer difTerent output brake powers.

With diesel fuel operation, the brake thermal efficiency reaches a maximum value
of 18% at 1650 watts,(about 3/4 of the full load ), figure(2). Using dual fuel,the
engine efliciency decreases with the increase of fuel mass ratio ,(Mb/Md). At
higher ratios,Mb/Md over 80%, the output power drops sharply. The maximum
feasible diesel fuel replacement attained was about 40% at which the engine
eMciency was slightly reducedto 16% at 3/4 of the load compared to 18% with
diesel only at thesame load. Thedrop in efficiency and poor performance at higher
biogas ratios,figure(3), are due to the lower calorific value of the biogas,between
other factors as lower flame speed.

Zi e

Thermal Efficiency, %

i _,,4_0% Biogas
4 ~e—10% Biogas

—A—30% Bioges

—y— e |

450 600 K00 1000 1200 1400 1650 1800 2000 2188

Brakc power, (Watl

Fig.(2) Variation of thermal efficiency with the out put brake power at different
percentages of energy contributed by biogas
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c-Digestor And Engine Matching

The experimental results obtained show that the utilization of biogas in dicsel engines
is feasible to some extents. The results of tests carried out with various fuel mass
ratios are compiled as shown in figure(3).

1508

-

2000
- -@- NMb/Md ~ 0.1
~4—-Mb/Md ~ 0.2
| —a--MoMa =03
1000 - % MWMA - 8.8
—6— Mh/Ma~ 0.6
—4—MbMd - 0.8

500 —a--Mb/Md = 1

-o—-MbMd ~ 1)

Braks power (Watt)

—o-MhNId =~ L&

I T S P Iy S J R PV GRS - VB PR N TS = I PSP

L] 0.1 0.2 L) 0.4 .S 0.6 0.7 as (B}
Volume of Blo Gas consumed (ra’)

Flg (3) Volume of biogas consumption for a limited out put brake
power developed at different mass fuel ratios

The generated biogas is found sufficient to satisfy the engine requirement in the
operating range to maximum power outpul of around 2500 watts.

The duration of this power output peneration varies according to the loading
conditions,

Based upon the experimental data, and dimensional analysis, a polynomial function
was derived. This function relales the daily biogas production from a given digestor
Vb, total solids in the charge 'I' S, daily loading rate LR digestor capacity, Vd, mass
of fermented material Mf, and retention time, t.

Vb= [ (T.S,L.R,Vd Mf, t)
These parameters can be grouped into the following dimensionless form.

(Vb*WVd)=f [( T.S/MF), (LR.*UMF))
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where:

(Vb*uVd) represents the productivity of the digestor
(T.S/MD represents solid concentration in the raw material
(L.R*t/Mf) represents the hydraulic retention time

The relation between the productivity and the hydraulic tetention time, based on the
experimental data, can be derived at constant solid concentration as shown in figure
(4),which can be forined in a polynomial function from the third order, such as :

p——— e — e ——— —y
S e
s u
2
TS
i
; [
3
§ ‘
P,
1
L]
] as 1 15 1 15

Mydraulic reteatlon tlrme (LR ~ (WM

Fig. (1) The dimesionless relation ship between the pioductivity of the digester
and the hydraulic retention time at constant solid concentration of 17.5%

Y =70432 X+ 2976 X2 - 1.648 X3

where:
Y =Vb*UVd and X=L.R*/Mf

This above equation is valid under the tested operating conditions and a loading rate
sanging between 15 1o S5 kg/day. It is apparent that the equation can be used to
simulate the performance of geometric and dynamic similar digestor. The
performance of similar digestor can be predicted as shown in figures (5) & (6) for
various capacities and different solid cencentrations respectively.
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In figure(S).the daily average biogas generation of larger size digestors, namely, 5 m3
and & m3 were predicted for a specific charge having same total solids content

In the same manner, the average daily biogas generation for a 2.65 m3 digestor
was predicted for different quality charges having a total solid ratios of 20% and
25%

For a specific energy requirements, a digestor size can be estimated for a certain total
solid ratio content in the feemented matenal. In addition the number of cattle heads
cauld be casity defermined fiom ine daniy foading e whereas one catle head can
produce abow 20 kg/day of fresh manure, (M A Sathianathan)

CONCLUSIONS

The results of the experimental model showed that the average dailv
production of biogas at an average ambient temperature of 30°C was sulfictent o
operate the dual fuel engine for ane hour continuously per day, with nearly 45%
diesel fucl replacement for the best effective efticiency at 1650 wauts.

Changing the steady stale operating conditions of the dual fuel engine,

required different digestor capacities. This was achicved by matching the
characteristics of the dicsel engine with the digestor. The matching, map was
developed using different biogas capacities for the required output power at different
fuel mass ratio (my/m,). A digestor performance map was developed to demonstrate
the efTect of daily loading rate on the biogas production using different capacities and
different solid concentration. This will enable the farmer to select the suitable
digestor for the required cnergy
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ADAPYING COOLING WATER YRCHROLOGY 1IN PEYROCHENRICAL INDUSTRY
TO ENVIRQNAENYAL REQUIRENENYS
Engr. M.M. GAIT -SAFETY S8PECIALIST
Raslanuf OiL And Gas Processing Company (Rasco)
P.O. BOX 2323
Tripoli -Libya
Fax : 021-607924

1l. OVERVIEW :

Traditionally open or evaporative cooling water systems
are designed for industrial plants 1located in temperate
climate regions. Experience has proved that this type of
design may (some times) result not only in environmental
problems but also in economic losses due essentially to blow
downs and make-up water. In desert areas where high ambient
temperature is prevailing, water is generally produced by way
of desalination unit, in this case close circuit system can
be justified for it has the advantage of minimum water losses
and makes blowdown operation unnecessary. In this paper the
alternative of closed cooling water circuit is examined to see
what advantages it has over the evaporative cooling water
system at the Raslanuf complex.

2. EVAPORATIVE COOLING WATER S8YSTEM :

In this type of system (Fig.'"1") the cooled water is
taken from a sump or basin of the cooling tower and pumped to
the process heat exchangers. Water returns to the cooling
water tower and flows counter currently with oooler air
causing evaporation of water into the air stream and hence
cooling of the water, This evaporated water and certain amount
of free water or spray passes te the atmosphere and is lost
from the system. Dissolved solids present in the make-up water
accumulate and lead to scaling of surfaces causing reduction
in heat transfer and even line blockages in extreme cases.
Chemicals used as additives and lost in the blowdown can have
undesirable effects on the environment and are expensive to
replace. Leakage of oil/chemicals from the process side of
heat exchanger can mean that the blowdown will need further
treatment before it is safely discharged, other wise it will
cause an environmental problems. Hydrocarbon vapours can be
stripped out of the cooling water in the cooling tower giving
rise to toxic or flammable gases escape to the atmosphere.
Losses can be defined and quantified in an evaporative cooling
water system in the following categories :

8ources of losses Estimates
-evaporative water losses. 1% / 10 C -Circulating rate
-spray or windage losses 0.1 to 0.3 % -Circulating rate
-blowdown losses. 0.5 to 1 % - of the supply
-other losses. Negligible.

(eg. leaks an occasional drainage)
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3. CLOSED CIRCUIT COOLING SYSTEM : (Fig. '2w)

Returning warm water from the plant is pumped through
heat exchangers and cooled by secondary water stream which
could be from such sources as river water or sea water on a
once through basis. The cooled water then passes to the heat
exchangers in the process plant to remove heat, returning
again to be cooled. Corrosion inhibiting chemicals and
biocides can be injected to the system. Make-up is restricted
to losses due to leaks in the system and occasional drainage
losses for such purposes as maintenance. Leakage of
hydrocarbons or other process fluids into the closed
circulation system can be dealt with by treating a side stream
flow and returning the water after treatment to the system
with little or no losses of water.

4. Rasco COOLING WATER SYSTEMS :

As Rasco complex produces all its water by desalination,
the high cost of this water as will as the great care of the
environment lead to the choice of closed circuit water cooling
to remove the major plant heat load. Then heat is removed from
the circulating fresh water by a once through sea water
system. These systems are briefly explained below.

4.1. 8ea Water Pumping System :

The sea water pumping facilities are designed with the
possibility for future expansion of Raslanuf complex. Two 3.6
meter diameters 1lines made from glass fibre reinforced
polyester feed the sea water intake basin, the water is
screened and filtered for trash and to remove sea weeds and
fine particles. 8odium hypochlorite generated in the complex
hypochlorite plant by the electrolysis of sea water is
injected into the incoming sea water to prevent organic growth
in the line and in heat exchangers. Injection is regulated to
give 1low residual values of chlorine in the water which
returned to the sea at temperature not exceeding 34 C through
two buried 2.7 meter diameter line. The system is designed for
a maximum sea water temperature of 27 C, however at most times
of the year it is lower than this.

4.2. Closed Cooling Water Circuits :

Two closed cooling water circuits are used at Rasco
complex. The large circuit serves the process plants needs,
and the smaller circuit serves the utility units.

4.3. Treatment Of The Closed Circuit Cooling Water :

The original design specified the use of zinc chromate
and biocide to prevent corrosion and keep the system free from
bacteria, algae etc.. Due to environmental problems and
possible health problems zinc chromate is to be replaced by
new libyan chemical named Joef.

Leakage of hydrocarbon fluids into the system results from
pressure difference in the heat exchangers and/or other
equipment. Because it is not always possible to maintain the
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cooling water pressure higher than that of the process fluids,
leakage of hydrocarbon 4o occur. This problem is treated
through the cooling side stream o0il removal as described
below.

5. COOLING WATER SIDE STREAM OIL REMOVAL :

The system installed in Rasco complex takes continuously
5 % of the cooling water flow to remove oil and sludge in 24
hour period for all water circulating as showing in Fig. (3).

Water under flow control conditions is first fed to a
title plate separator and flows upwards through parallel plate
under laminar conditions. 0il is separated and rises to the
surface of the system and is skimmed off for pumping to
storage. 8ludge (heavier than water) accumulate at the bottom
nf the tank then pumped ta gstarage. A da-amulsification
chemicals is fed to the water before passing to a 'dissolved
air floatation system!" to remove fine oil droplets and finely
divided solids. The water is returned to the system and the
oil and sludge pumped to storage. The treated water passes to
the final surge tank before being pumped back into the cooling
water circuit under level control. In this way the water has
been cleaned for reuse and the oil and sludge recovered can
be disposed off by incineration.

6. OPERATIONAL EXPERIENCE WITH Kasco 8YS8TEM :

Two major problems have been experienced at the Rasco
complex with large circuits :

a-the make~up rate has been higher than expected.
b-leakage of hydrocarbon into the system.

The large make-up rate was mainly due to big under ground
leaks from carbon steel/wrapped large diameter pipe, there is
no evidence of large scale above ground losses. However, the
make-up rate to the system is far 1less than would be
experienced with evaporative system. 0il Jjeakage into the
system was difficult to locate. It was necessary th.refore to
observe very strict operating procedures for a period when
venting pumps and other equipment not necessarily installed
in areas where protected electrical equipment is provided.
Laboratory analysis enable us to determine that unsaturated
hydrocarbon leaks were emanating for the ethylene plant or
ethylene products storage area. Further investigation was
carried out to find out that 1leakage was coming from
distillation column overhead condenser. The cooling water in
the design data sheet was at higher pressure than the
hydrocarbon side. The designer had neglected in the
preparat1on of the data sheet that the condenser was elevated

thn Eyriisba a + +n » Eha vad
in the structure and at the exchange‘ Tngé water pressure was

lower than the hydrocarbon side because of the losses of
static head. Examination of the exchanger revealed tube leak
which was gquickly repaired.
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7. CONCLUSION :

Closed circuits cooling water systems can be justified
for large scale circuits in industry whenever :

a-there is storage of water.

b-production of water is costly.

c-the evaporative type cooling water system results in
environmental problems.

The closed circuits cooling water systems preclude the use of
blowdown and eliminate water losses by evaporation.
some of the design considerations taken into account are :

-avoid underground pipes as much as possible.

-activate cathodic protection system early in the
project.

-venting of hydrocarbons must be suitably located and
away from dangerous areas.

-electrical equipment must be adequately designed
(explosion proof type).

8. REFERENCES :

Rasco Process Manuals.
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PHOTOVOLTAT(!S IN AFRICA IN THE CONTEXT OF CIL.IMATE
CHANGE AND ENVIRONMENTAL DEGRADATION FROM
ELECTRICITY GENERATION

0.U. Oparaku
National Centre for Energy Research and Development
University of Nigeria, Nsukka

ABSTRACT

The environmental impacts of conventional electricity generating
sources in Africa are examined. The modular characteristics of
Photovoltaic power sources make them well suited for the low-powel
applications which are enough to raise the standard of living and tc
enhance the social and economic development of the rural populatior
in Africa. The (O, emission benefit to be derived if Photovoltaic:
is hybridised with existing fossil-fuel technologies is determinec
to be as much as 14x10° kg. Barriers to the dissemination of PV ir
the continent are considered and policy options which will facilitate
its integration into the energy supply mix of the continent are
proposed.

1. INTRODUCTION

Meing a growth rate of 2.9%, the 1995 population of Africa it
estimated at 700 million(ref. 1). This represents about 12% of th
world’s population. The per capita electricity production deducect
from available eatimatea ia 332.5 kWh/yecar(ref. 1,2), about 2% of the
per capita production in the United States of America. Most of the
rural households, which constitute about 65% of the population i1
Africa, do not have access Lu electricllLy.

The estimated share of fossil fuel electricity generation sources:
in the continent in 1995 is 155.2 x 10° GWh or 2/3 of the tota:
generation, with nuclear and hydro contributing 1/3 or 77.6 x 10
GWh (ref. 1,2). ''he major global environmental effect giving cause fo3
concern is the increase in the concentration of atmospheric CO, anc
other trace gases. The relative overrall contribution of the
electricity secltor is in the region of 25%(ref.3). The effect o:
electrification could be great particularly in the developinc
countries where the demand for electricity is expanding at 8% :
year (ref.2) . Thig paper examines the available electriciltly generatios
technologies in Africa and their environmental/climate chang:
impacts. It proposes that African nations should seeck to adopf
renewable solar-electric(photovoltaic) technologies for electricit:
generation. The cost-effectiveness of these technologies for low:

power applications for water pumping, lighting, refrigeraktion,
irrigation, communications and small industry etc have bee:
proven (ref.4) . The social, economic and political constraint:

limiting the dissemination of photovoltaics are identified and polics
options for its integration into the energy supvly mix of ths
continent outlined.



2. AVAILABLE TECHNOLOGIES AND THEIR IMPACTS

able 1(ref. 1) shows the reserves and resources of available
ommercial energy in Africa in the year 1990.

'able 1: Reserves and resources of Commercial Energy

PROVED
RESOURCE RECOVERABLE
RESERVES
1. Anthracite and Bituminous Coals(M.M.T) 60811
2. Subbituminous and lignite coals(M.M.T) 1267
3. Crude 0il (M.M.T) 9005
4. Natural gas(B.C.M) 8178
5. Uranium® (M.T) 547020
6. Uranium®(M.T) 138700
7. Hydroelectricity (Potential in MW) 1.6x 10°
8. Hydroelectricity(Installed capacity in MW) 19204
"M.T = Million metric tonnes; M.T. » Metric tonnes; B.C.M - Rillion cubic metres;

Recoverable at less than $80 per kg; b: Recoverable at less than $130 per kg

outh Africa has about 89% of the recoverable reserves of coal while
bout 75% of the countries in the continent do not have any
dentified reserves. Of the recoverable mnatural gas resources,
,ibya, Nigeria, Algeria and Egypt contribute collectively about 90%
nd individually 35%, 26%, 20% and 9% respectively. About 75% of the
ountries in the continent do not have natural gas reserves.

'.1. Fossil Fuel Technologies

Electricity generation by burning fossil fuels pollutes the air with
ombustion byproducts ((CO,) ,nitrogen oxides (NO,) , sulphur
xides (SO,), HCL, HF and ash),and brings about the threat of climate
'hange. This creates concern about environmental impacts such as acid
-ains, polluted rivers, lakes/seas and health impacts such as lung
liseases and cancer. Coal-fired stations are currently the main
source of emission from power stations in Africa because they make
p mere than half of the total thermal generating capacity and also
yecause of the high sulphur content of coal. Their combustion
fficiencies are often poor(34% maximum) and for developing countries
\ay be between 20% -28%(ref.5,6). Also, high emission rates of
articulate matter, SO, and NO_ occur in addition to the CO, emission.
fany environmental and cost advantages are derived by using

onventional mnatural gas plants. With no emission abatement
echnologies, these are capable of offering a reduction in
)articulates and SO, of more than 99.9%(in relation to conventional
oal-fired boilers). The major barriers to the development of gas-

‘ired stations include the scattered distribution of the exploitable
eserves and the high fixed costs of exploration, production and of
stablishing a basic pipeline network.

).2. Calculation of CO, Emission

In the absence of specific data on the electricity generation
‘rom coal and natural gas respectively, the CO, emission from fossil-

723



fuel-based electricity generation was calculated using emission rat
and natural gas.
emission.

for
for

factors
figures

ceal
co,

combined (ref.1).

Table 2: CO, Emission from Fossil-fuel-based Electricity generatio

The

Table 2

shows
calculations
assumption that any of the sources(coal or natural gas) was used t
generate the entire electricity from all the fossil-fuel source

are

Emission Carbon co, Per Capita CO,
Fuel Type Rate Emission | Fumission | Emission
(KgC/KWh) (Rg) (Kg) (Kg) -
Coal 0.090 14x10° 51.3x10° 73
Nat. Gas 0.049 7.6x%10° 27.8x10° 40

the calculate
based

Estimates are based on 1995 projected gen;;;Eion of 155172 GWh(ref. 1).

2.3. Hydro and Nuclear Technologies
The 1991 figures for primary electricity generation in Africa frc
hydro and nuclear are 53.3 x 10° GWh and 12.8 x 10° Gw
respectively(ref.1l). The installed capacity is only about 1% of ¢tk
hydroelectricity potential in the continent (Table 1). By their ver
nature, hydroelectric installations modify the flow of water
Flooding of the 1land may affect whole communities, riversid
induskries, domestic/commercial hnildings, navigation nf ghipe, fic
and plant life. Geographical impacts arising from earthquake swarn
due to large dams can be considerable after years G
impoundment (ref.7). These factors explain the opposition ¢
anvironmentaliste to the large ccale expangion of hydroelectricit
sources, though no emission are caused by them.
Nuclear capability for electricity generation is
in South Africa which has a generating capacity
GWh(1991). The low technology and financial base of most othe
Atrican countries will restrain Lhe acyuisition of this high-cos
option for power generation, particularly in view of environmenta
opposition and public unacceptability. The transnational atmos
pheric, health and environmental effects that could arise from large
scale radiative releases(as in the case of Chenobyl) will have sever
impacts on the impoverished population and their ailing econcmies.

only availabl
of 12.8 x 1f

3. MITIGATION OF ENVIRONMENTAL AND CLIMATE CHANGE IMPACTS

Global <circulation models suggest that doubling of tk
atmospheric CO, concentration can cause 1.5 -4.5°C rise in the surfac
mean temperature and also result in changes in the pattern c
rainfall distribution(ref.3). Following the world conferences c
environment and climate change held in Toronto, Norwik and Bergen
recommendations for a 20% reduction in the CO, content in tk
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ttmosphere by the year 2005 was made. Power plants based on the
ntegrated Coal Gasification-Combined Cycle(IGCC) and the Fuel Cell
:echnologies are capable of delivering combustion efficiencies from
18% to 45%(ref.8) and 50%(ref.9) respectively, giving up to a factor
>£ two reduction in CO, emissions per KWh electricity. Although
ronventional coal power plants are less costly, IGCC achieves
significantly lower emissions of acid rain precursors(98% sulphur
cremoval and over 90% NO, reduction).

It is possible to achieve a reduction of 99% in the emission
rates of the particulate matter, SO, and NO_ by incorporating emission
ibatement technologies such as electrostatic precipitators.
[ncoporation of desulphurisation and denitrification abatemement
technologies reduces emissions of precipitate matter, SO, and NO_ by
39%, 90% and 90% respectively(ref.2). The African economies with
their presently low capital base(GNP per capita of$657 and -0.9%
jrowth rate) and economic recession are not likely to pursue the
acquisition of these costlier coal-based systems. For them, gas
offers the prospect of both cheaper electric power generation and
less local pollution. Apart from the few oil/gas producing nations
in the continent, the rest are, in the near future, likely to depend
on their old or newly-acquired relatively cheap and less efficient
coal-fired conventional boilers for electricity generation, with the
attendant consequences on climate change and environmental
degradation. The hydro and nuclear options are strongly tied to
environmental, social and political interests and are not expected
to be widely disseminated.

Photovoltaic (solar-electric) renewable energy systems have the
potential to meet the basic electric energy requirements of
developing economies, particularly in the dispersed rural areas where
electricity supply from conventional sources is unavailable.
Renewable energy sources, particularly solar energy, are reckoned to
be the solution to the energy problems in the less developed world,
and their incorporation will lead to a reduction in the current
severe global climate changes(ref.10,11).

4. PROJECTED IMPACTS OF PHOTOVOLTAIC ELECTRICITY SUPPLY IN AFRICA

Electricity is available mainly in the urban areas of the
continent while in the rural areas, four out of five inhabitants do
not have access to it. Rural to urban migration of the population has
had severe impact on most of the economies which depend mainly on
agriculture. The diminishing impact of agriculture -the major foreign
exchange earner a few decades ago - has compelled various governments
to formulate development policies aimed at providing the necessary
rural infrastructure to stimulate agricultural production.

Photovoltaic electricity supply is a viable option in Africa
where abundant solar energy is received throughout the year. PV
systems do not generate CO, and greenhouse gases and their modular
characteriistics make them adaptable to gradual increases in power
demand. Hence, their dissemination for lighting, water pumping,
vaccine refrigeration, communications, for example, in the rural
areas of the continent will have positive impacts on the social and
economic wellbeing of the population. Some of the impacts will
include a reduction of the rural-urban migration, enhancement of the
agrarian economies and an upliftment of the capital base. The
inclusion of the social(external) cost elements such as global
warming, acid rain and health impacts of conventional electricity
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generation, will motivate African countries towards the widespre:
dissemination of PV systems(ref.12,13).

pv, like any other energy system is not entirely free ¢
environmental impacts if its complete 1life-cycle 1is analysec
However, compared to conventional energy systems its mai
environmental impacts do not occur at the operation stage where
is almost entirely benign, but are caused during production ar
disposal stages. CO, emissjons can be controlled and reduced ¢t
international safety limits(negligibe compared with emissions frc
coal-fired plants) by using established technologies(ref.14,15).

4.1. Benefits from hybridisation of PV with fossil fuel Technologie

The CO, emission benefits to be derived from hybridising coal an
natural gas with photovoltaics at high insolation levels wer
calculated using stipulated emission factors at different plan
efficiencies(ref. 6). The calculated values are shown in Table 3
About 14 x 10’ kg reduction in CO, emission is achieved when a coa
plant operated at 33% efficiency is hybridised with PV, while a 5
10° kg reduction is achieved for a natural gas system cperating a
55% efficiency.

Table 3: CO, Emiscion Benefit Throuyh Hybridisation

POWER PLANT PLANT CO, EMISSION AFRICA: 1995
TYPE EFFICIENCY (%) | FACTOR (kgC/kWh) { x 10° kq)

BASIC

Coal 33 0.284 44
Coal 50 0.190 29.4
Natural Gas 55 0.104 16.1
HYBRID

Coal + pV 33 0.199 29.8
Coal + PV 50 0.133 20.6
Nat. Gas + PV 55 0.073 11.2

5. DISSEMINATION OF PV SYSTEMS IN AFRICA- PROSPECTS AND CONSTRAINT

The social environment in the African subregion is characterise
largely by a poor rural population which is striving to obtai
food,water, clothing and shelter in order to remain on the brink o
human survival. For them, the most urgent problem is not of an energ
nature. Solar home systews which cost about $500 each is no
affordable by a large majority of the rural dwellers even thoug
these systems are cost-effective over their life cycle. Governmen
and intermational action is necessary to initiate, for example,
revolving loan scheme with low interest payments in oxrder ¢t
stimulate the acquisition of Solar Home Systems. Presently, mos
governments lack the political will to initiate PV programmes. Fo
them, encouraging PV dissemination and the decentralisation of th
electricity distribution network will amount to a loss of politica
control in the electricity subsector. There is therefore governmen
interest largely in the expansion of the centralised electricit
distribution network based mainly on the conventional fossil fuel an
hydro sources. Other factors detering the dissemination of PV system
include: (a) The psychological inertia to adopt a new technology., (b

726



carcity of trained manpower, particularly technical, (c) lack of
wareness of its potentials and prospects, (d) lack of commercial
ctivity and financing options and (e) lack of political stability
n many nations.

.1. Policy Imitiatives

Given that most African countries have already accepted, in
wrinciple, the need to reduce CO, emissions below present Jlevels,
:table energy policies to promote accelarated development of
mvironmental technologies -particularly a n2w initiative to mitigate
flobal climate changes - must recognise PV as a major and natural
romplement. In view of their peculiar economic circumstances, it is
.mportant that African nations individually and collectively enact
)olicies that will encourage the dissemination of cost-effective
systems for rural lighting, water pumping, health care,
rommunication, education etc. Bold initiatives are required in the
!inancing of PV demonstration projects, support of R&D, reduction of
.mport duties on PV components and systems, attraction of PV industry
.nvestments locally and the creation of conducive political climates
ind attractive economic incentives for investment.

It is to the Organisation for African Unity (O.A.U) that one
ihould look first for action to articulate these policy initiatives
ind encourage member states to meticulously pursue them.

3.2. Prospects of Photovoltaics

As research in PV technology continues to advance, it is expected
-hat the present high cost of PV modules will be brought down to make
the dissemination of the technology easier(ref. 16). In the non-oil
broducing nations of Africa, the high cost of oil/gas should provide
snough motivation to consider photovoltaics. The rising cost of
>xtending electricity grid transmission lines to rural areas and of
rocuring spare parts and fuel for diesel generating sets makes PV
an attractive option for decentralised electricity generation. The
above climatic, economic and social/development issues make the
brospects of PV dissemination very bright. With some sensitisation
of the national governments, adequate financing from local and
international sources, manpower development, increase in commercial
activity, PV technology will take up a reasonable share of the
2lectric energy supply mix of the continent in the near future.

CONCLUSION

The available resources of conventional electricity generating
sources in Africa have been reported and their impacts evaluated.
There are emission abatement technologies for mitigating the
environmental impacts of fossil-fuel-based electricity generation.
But the poor financial base of the African economies and the higi
cost of the new technologies are bound to discourage their
acquisition.

Photovoltaic electricity generation is an economically viable
alternative for meeting the requirements in the highly populated
rural areas of Africa where quite small levels of power can have
large effect on local standards of living. Although this technology
is not cost-effective in the high range of power demand requirements
in urban areas, a consideration of the indirect(social) cost of the
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conventional sources puts PV at an advantage. The CO, emissic
benefit derived by hybridising fossil-fuel-based systems with PV :
in the order of 14 x 10°. The economic, social and political barriea

to

the dissemination of the technology notwithstanding, brigt

prospects exist 3if bold initiatives can be taken by the government
within the continent.

14.
15.

16.
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ELECTRICITY GENERATION OPTIONS
AND STRATEGIES FOR EGYPT

S.M.Rashad M. A Ismail
Atomic Energy Authority

101 Kasr El Eini St, Cairo, Egypt

ABSTRACT

The paper deal’s with Egypt’s approach for sustainable energy development setting for the long-
tlerm environmentally acceptable energy strategy. The aim of the study is to develop a plan with the
lowest total present worth of annual investment requirements taking into consideration the environmental
impact of the base case compared with other alternative plan. Electrical energy in Egypt is mainly
generated by both hydro-power and thermal power stations. The total hydro-power represents about 22%
of the total installed capacity and the rest are fossil fuel power plants. Heavy fuel oil and natural gas
(NG) are the most important fuel contribution o electricity generation. Most of the existing steam power
plants are dual fuel fired using either mazout heavy fuel oil and/or NG as main fuel The study in this
paper was performed using both Electric Generation Expansion Analysis System (EGEAS) and
DECPAC software packages.  Comparative assessment of the technical features, economic, and
environmental impacts of different energy chains and technologies for electricity generation for the
existing system and that expected to become available during the next two to three decades was
performed.
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LINTRODUCTION

Fhis paper deals with Egvpl’s approach lor sustainable energy development setting for the long
term environmentally acceptable energy strategy with the following priorities (1):
Maximizing utilization of non-combustible resources. e.g. hyvdro-power including mini-hydro, as well as
any hy dro pumpig storage:  Efficient use of resources on the production side as well as on conversion.
transportation and wtilization side for all forins of energy: Minimizing losses at all stages of energy
praduction, conversion, (ransmission and  distribution;  Maximizing utilization of natural gas as
prelerable fuel (o the environment taking macio-economical considerations in effect: Acquire most
efficient and environmentally accepted technologies for hoth the encrpy production and enel s

equipment sides. and Regional cnergy planning would create opportunities for Egypt and its neighbours,
and enhance across border cooperation, e g. natural gas supplics in pactial return of power exchange
through electrical network interconnections,

Electricity was introduced in Egypt since more than one hundred years ago. Throughout the
years (1960-1995) electric power svstem has heen expanded tremendously.  The electric energy
production has increased from 1.9 TWh in 1960 to ST Twh in 1995 with an annual growth rate of 10.9%,
over the same period the peak load has increased from 372 to 7960 MW with an average annual growth
sate of 9.6%. THowever the corresponding average annual growth rates during the last decade was only
about 5.8 % .and 5.1 %. Theinstalled capacity has increased from 797 MW in 1960 to ahout 12900 in
1995, T'his is the sunination of the rated existing capacity of (149) uniis composed of (69) stem units,
(50) gas turbines, 5 modules of combined cycle units and (25) hydroelectric units. Regarding the
electricity consumption by sector over the last two decades, the share of industry consumption at the
different voltages plays a dominant role. Next ta this was the residential and commercial uses. During
the fiscal year 1995, about 46 % of the total generation was for the industry and 36 % for the residential
and total commercial uses (2),3).

2. PHILOSOPIY OF OPERATION OF THE UNIFIED POWER SYSTEM (UPS) OF EGYPT

I'he Fgyptian Electricity Authority operates the UPS with the philosophy to ensure a secure

cnnnlv ol alactein annrow with cood cue it ot
iy of electnie onergy Wil gOosa Quanty ol

uin cost, utilizing alt the availaldc hydio encigy i
accordance with irrigation requirements which reach their minimum valuc in December and January
while the clectric load is maximum, so all efforts are devuted to have the most availability for thermal
units specially in this period. At the present time the svstem installed capacity is in excess of the
demaned. Hydvo electric generation  is optimized to provide base load and peaking capacity. The
available generation, consisting of steam and combined cycle in coordination with the hydroelectric
capacity, is capable of meeting the early moming load. During ihe peaking period between 6 to 11 PM,
when the load reaches its maximum value, gas turbines in addition to the hydro electric power plants and
stearn power plants meet the peck load. The voltage profiles are regulated by the generating units, the
thrce synctronous condensers located on Cairo 500 substation and seven shunt reactors connected to the
500 kv network. To keep the frequency within permissible range it case of sudden delicit in generation,

automatic frequency load shedding is used with seven steps.

lleavy fuel oil and natural gas (NG) are the most important fuels contribution to electricity
generation. The total fuel consumption in 1995 has reached 9200 MTOE, mazout represented 35 % of
the total fuel used and the share of natural gas was 65 %. Converting several open-cycle gas turbine
generating  plants to combined cycle (C.C), increasing use improved combustion technologies.
rehabilitating  old existing power plants, constructing modern Jarge capacity unites, as well a introducing
new C.C power piants, aii these factors have resuited in reduction of the specitic {uel consumption of the
UPS from about 330 gm/kwh generated in 1983 to about 223 gm/kwh in 1995 and thus leading to a
considerable improvement in the overall efficiency ftom about 26 % to about 36 % for the same ycars

(3), (4.
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3. THE COMPUTING TOOLS
3.1 EGEAS Description

To facilitate its use, EGEAS has been implemented  as a five separate, but related computer
programs.  the type of analysis to be performed determine which of the programs must be executed.
Each program performs one or more well-defined functions on the hasis of user-supplied options and
data.  Lach program possesses considerable reporting capabilities for displaying input parameters,
diagnostic messages, intermediate analysis values, and [inal results.  The user is given considerable
flexibility in the selection of reparts to be generated and the amount of detail to be included.

3.2 DECPAC

The DECPAC package is a software developed within the DECADES project. DECPAC is a
user friendly computer to; for accessing displaying and handling the infermation stored in the
DECADES database, and using these data {or electricity generation chain and systern analysis.
DECPAC integrates energy/electricity system modules based upoun the least-cost/economic optimization
approach adopted in the planning tools developed by IAEA e.g. WASP and ENPEP, and an
environmental analysis module which calculates emissions and residuals from electricity generation
chain and system.

The main databases developed in the DECADES tool are Reference Technology Database
(RTDB) and Country Specific Database (CSDB). The RTIDB contains generic data on technical,
economic, and emission factors of different energy chains. The CSDB developed by users to store
specilic data on electricity generation techinologies in operation and planned to be implemented. The
DECADES data bases are implemented using for Windows version 5 relational data base managemeut
system.  Since DECADES tool run under Windows operating system, thus it has a Graphical User
Interface (GUI) standards. Thus, the interaction with DECADES to create CSDB is more easily and
friendly.

4. POWER SYSTEM PLANNING

The basic objective of an electric power generation expansion plan is to provide sufficient power
to meet the demand taking into account the different aspects related to the generating system reserve
requirements and economics. The amount of rescrve is primarily a function of the numbers, size and
reliability of the installed generating units and scheduled maintenance requirements and generally
specified for a certain LOLP. Computer programs are used to compute the outage probabilities and the
reserve requirements for the UPS by using Monte Carlo technique (5) . The results give a requirements
of reserve capacity level of 17.25 % which is corresponding to a loss of load probability level (1LOLP) of
one day every three years. A conservative value of 15 % is used as a minimum acceptable reserve
capacity for the system.

In Egypt. Electricity Generation Expansion Analysis System (EGEAS) is used to determine the
most economic peneration expansion. The work done in this paper was performed using the
International Atomic Energy tool DECPAC.

4.1 Committed Capacity Expansion Plan

The UPS committed generation expansion plan consists of adding 2850 MW capacity during the
period 1996/2002, 150 MW of the capacity addition are added to convert the existing combustion turbine
units in two sites to operate with combined cyvcle mode. The remainder of the addition capacity are
steam dual firing units using either natural gas or heavy oil or both as fuel. The choice of discount factor
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s a matter of the country or the utility respansible for making investment. The engincering econom
analysis in this study was based on real dollars and 10% discount rate for present worth purposes wi
asstined

4.2 The Least Cost Generation Expansion Plan

Table } defines the type of units that will be usedto expand the generation system during th
study period (1996-2020) The data required to define a particular candidate are indentical to those use
in the existing units The thermal units are presented as one block with average heat rate equals to th
base heat rate. Pum storage is expected to be in operation starting from year 2005. According to the sit
constrains for the pump slorage, the maximum allowale capacity is limited to 1800 MW. Duet
uncerainty of gas supply, it is decided that the installed capacity of cembined cycle units does ne
exceed 20 % yearly of the totalinstalled capacity. The result of the DECPAC output plan for the ye:
2020 are given in lable 2.

Table
Input Data For Expansion Plan

Plaut lyl.vc aGro(cC C.-‘ .(-;:IS’O" ! Gas/Oil | Coal Punlp;

Hem o | | 3 600 | 600 | Storng
| 00

Installed Capacity (MW) 0 | aw | o 60 | 6w | o0
Lscalation (exeept fucl)% T o F o] 0 0 0 0
Discountrate % ~ | 10 | [ 10 10 10 10
Economic life time (Years) | 20 | 25 | 35 | 35 15 60
Capital cost ($/kW) 1 aw oo | 0 | 920 [ s | swo
Fixed aperating cost (WKW/Year) | 105 | 10 Y 8 15 4
Varnable operiting cost (/M Wh) ud u.d w2 | 02 3 0.01
Full load heat rate (Btu/KWh) 10so0 | 65 | se0 | 8200 | 9800 g
Forced :lm:lgc (%) . in a (¢ 9 6 i
M:J;m:;c-c ouloge (D.'l;.:..l.‘;c’nr) 15 I 21 ?-,; ‘ 28 28 15
Fuel cost ($/MBu) T | 24 | 284 | 24 24 185 :
Ivel escz-ll-:;!i(m (%) B 0 -(l- g ) 0 0 [i]

* Maximum Number of Pump Storage = 6 unils
** Installed Capacity of C.C. = 20% of the Total Installed

4.3 Alternative Plan

EGEAS was used to verify the resuits obtained using DECPAC for the base case, Also, it was
used in the calculations for the altemative generation expansion plan using fifth different types of
candidates. Besides, the gas turbine 100 MW, C.C.300, Gas/Oil 600, Coal and Nuclear 600 MWs are
used as expansion candidates. Proven recoverable reserves of coal are 35 million tones with additional
probable reserves of 18.5 million tones. The only developed coal deposit will commence production
soon. However, the coal is of low quality and will require mixing with imported coal. Other deposit are
uneconomical to exploit at the present time. Viitually all coal used in Egypt is imported and most is
being consumed by industry. As coal fired power plants are introduced, dramatic increase in coal
imports are expected.
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Tabel 2
Expansion Plan Optimum Solution Using DECPAC - Egypt Base Case
1992-2020

Year | Concst Salval Opcost Enscst Tota! OB!. FUN. (CUMM)) LOLP % G 100 | C300 0600 PUMP
2020 | 142637 128908 160165 52 173945 11174531 085 10 33 15 6
12019 | 124029 | 101534 166629 86 189210 | 11000586 075 7 33 11 6
| 20i 8 i 176185 | 130481 173537 120 219365 10811376 071 7 32 8 6
k2017 | 72558 | 47446 178393 | 178 203683 1059201 1 075 7 3l 4 6
L 2016 | 74343 | 44035 185697 | 133 216137 10388328 .088 5 30 3 6
| 2015 1 91373 | 42531 193239 | 80 237161 10172191 071 4 29 2 6
2014 107130 | 48985 200633 | 94 258872 | 9935030 081 4 25 2 6
2013 82921 ° | 34185 | 208084 |76 | 256896 | 9676158 086 3 21 2 6
2012 103201 | 42208 215849 49 1 276890 | 9419262 087 3 18 2 6
2011 75701 23302 226493 90 278981 9142372 091 3 18 1 5
i 2010 110368 31394 235067 45 314086 | 8863391 060 |2 16 1 5
| 2009 94745 25001 242991 75 312811 8549305 080 2 13 |1 5
2008 133546 29038 260593 90 36519 £236495 068 1 12 ] 4
2007 150709 32223 269028 92 387607 | 7871304 067 ] 9 i 4
' 2006 53863 2729 288907 140 334187 | 7483697 .075 ] 7 ] 3
| 2005 191575 41198 301954 168 452498 | 7149516 023 ] 6 ] 3
2004 130349 15157 356250 245 | 471688 | 6697018 076 1 6 ] 0
2003 215076 | 20748 373278 266 | 567873 | 6225330 065 | 4 | 0
| 2002 1o 0 380461 426 380887 | 5657457 090 | ] 1 0
| 2001 | 200949 21557 399815 240 577446 | 5276570 .032 1 | | i
2000 | 120560 4503 415881 418 532357 | 4699124 072 ] ] 0 0
1999 [ 0 436828 474 437302 | 4166767 072 0 0 0 0
1998 1o 0 459789 240 460028 | 3729465 29 0 0 0 0
1997 0 0 485479 225 485704 | 3269437 023 0 0 0 0
1996 [t 0 507843 133 507976 | 2783733 .008 0 0 0 0
1995 0 0 531944 28 531972 | 2275757 .001 i i 0 0
1994 {} 0 555445 211 555656 1743785 009 0 0 0 0
| 1993 0 0 585326 73 585399 1188130 .001 0 0 9 0
| 1992 U 0 602728 2 602731 602731 .000 0 10 0 0

Costs in K$, Gloo Gas Turbine 100 MW, C 300 C.C. 300 MW O 600 Sicam Boiler 600 MW, Pump Storage 300 MW
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Releases from  hoth  nuclear and coal fired poswer plants are subject o strict conlrols hy
processing of effluents and by monitoring before discharge, The TAEA in co-aperation with the Arab
Republic of Egypt performed a case study on the feasibility of small and medium nuclear power plants in
Favpt (6). Costestimates and economic evaluation (or the reference nuclear power plants were made in
constant value January 1989 money and compared on consistent basis with a coal plant with flue gas
desulph. A reference coal price US $45/tone with 1% a real escalation was used. Both coa! price and
nuclear fuel costs reflect current and projected market conditions.

Ihe evaluation indicated that overnight construction costs of a twin unit (2x600 MW(e)) nuclear
plant will range from about US § 1550 10 US $ 2600/KW(e)), which is. as expected, higher than the US §
1350/K W(e)) estimated for twin unit coal plant of the same size

The levelized generation costs over a 30 year ecenomic lifetime were estimated o range from
US § 46 to 65 mills/KWh for nuclear, bracketing that the coal plant, which was estimated to be US 52
mills/KWh
From the levelized generation cost point of view alone, nuclear power plants of this range are projeciec
to be competitive in with coal fired plants of the same size under conditions prevailing in Egypt.

5. ENVIRONMENTAL CALCULATIONS

In the energy sector efforts has been carefuilly directed i incorporate environment protectior
issnes within the overall planning of the encrgy sector as appropriate fo its national committement and it
techno-economic considerations.  both encrpy efficiency improvement and development of renewable
energy use are key elements in the adopted measures for environmental protection and Green House Gas
“GHG™ abatement. the total emission from commeivizd energy in Egyptin 1994 is estimated to be abou
8.0 million tons of Co,, 146.0 and 366.0 thousand tons of So, and Noy tespectively, in addition to 9.7
thousand tons of particulates.  Environmentally, all the cnergy cfficiency improvements anc
demonstration, as well as the development of rencwable energy will result in reduced emissions to the
atmosphere either directly at the country.

The continuous substitution of 1110 by N.G in the cightics as well as the supply side cfficiency
improvements has resnlted m a considerable reduction  of gas emissions fiom the newer plants of the
UPS  TFigs. 1.2.3 illustrates cmissions into air due o the Egyptian LIPS Tor the base and alteinalive
[eenarios

6. CONCLUSIONS

This paper overview the Egyptian programs in the area ¢f cicowicity planning setting priorities
for the improvement of the environment Efforts are concentrated on improving fue! - onsumption of the
existing power plants and the use of efficient thermal units by introducing larger sizer units, maximize
utilization of combined cycle power plants and convert open cycle combustion turbines to C.C. mode:
continuous rehabilitation of older pewer plauts, and intensifying load management measures to improve
load factor and measures for improving power factor and loss reduction.

The study sas performed vsing both Electric Generation Expansion Analysis System “EGEAS”
and the JAEA software package “DECPAC™. The planning peviod was selected from 1992-2020. the
application of DECPAC has proved that the model can serve as a valuable planning tool for the Egyptian
Unilied Power System.

I Abaza M M. Policy  Aspects of ilectricity and the nvitonment in Egypt, Proc. of the Senior Expert

Svimposium on electricity and Eaviconment. lelsinki, Finland, 1991,
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ABSTRACT

This paper deals with a fast and casy-fo-use method, based on  holographic
interferomeltry, to measure heat (ransfer coellicients between the surlace of protective Tahrics
and surrounding air. We present the way inferferograms are processed. the experimental setup
and some results we have obtained.

INTRODUCTION

The study of the behaviour of protective materials submitted to thermal shocks requires
the knowledge of the time dependent temperature ficld e the neighbourhood of the heated
surface. Thanks o holographic interferometry, we obtain inicilerograms containing all the
informations nceded 0 rebuild the temperature distribution. 1t is a non disturbing optical
method, allowing (o follow the real-time cvolution of the whole thermal phenomena in the air
surrounding the studied fabric on a single interferogram. Our Tab has alrcady designed @
compact holographic interlcrometer 0 measure such temperature liclds and developed  a
numerical processing o anatyse the interferograms | 1,2].

To have a better knowledge of the performances of these materials, it is also very
interesting (o know their thermal propertics, [C i insparticular importat to measure accurately
the time evolution of the heat transfer coelficient between the fabric surface and  the
surrounding air. Tno (his paper, we present the experimental setup as well as the method
allowing (o extract the transfer coclTicient from interferometric data.

LVNOLOGRAPHIC INTERFEROMETRY IN TRANSPARENT MEDIA

Holography allows to record amplitude and phase of a plane wave and (o restore a
lincar copy hy use of a referenee wave o encode it. Thanks 0 holographic intetferometry, the
modilications on the refractive index distribution in a transparent medium can be evalnated | 3].
To achiceve this, it sullices (o record the object wave which crosses the wedium in a reference
state characterized by a uniform value of the refractive index ng at a known temperature T,
The holographic plate is exposed at time (, with both this object wave 2 and a reference

"
wave X . Afler in sit development, the holographic plate, illuminated only by the reference
wave 2, will return the wave 2., memorizing the reference state ol the medium at time (. 11
the medium is disturbed at time {, by an incident heat flux for example, its relvactive index
becomes n(x.y.7). The plane waves X, and X currently erossing the medium are coherent
mutually and therefore interfere in the plane of the interivrogram. "The optical path length
variations AL are shown by bright und dark fringes corresponding to maximuny and minimum



illumination respectively. The analysis ol the interlerence patiern allows to measure the phase
vaviations ol the wave L, across the medium, and then Lo calculate the optical path length 1o
obtain the changes of the refractive index. The refractive index of & medium, depending onits
physical propettics. particularly its temperature, allows to measure (emperature distribution.

H.DETERMINATION OF THE HEAT TRANSFER COUFFICIENT
11.1. Mathematical formul:e

We usc an interferogrom with a inite [ringe grating perpendicolar Lo the fabric surlace.
Il a thermal flux bits the sample, the temperature increases, convection appears and leads to a
deformation of the frinpes in the neighhow hood of the fabric.

The optical path Jength difference in the study ficld s due on the one hand to the finite
fringe grating (AL;) and on the other hand to the thermad phenomenum (AL).

>

Let i be the spacing of the feinge grating along axis Ok which origin is taken on fringe

number p (CF. figure 1).

X
ALy ={p+ |2 (1)
]

-
The thermal effect is due o the presence ol a gradient along axis Oy.

AL, ~ c[n(T( y)) - nw] (2)

where n(T(y)) et n,, arce the refractive index respectively at the measure point and ol the
ambicnt air, ¢ is the length of the studied zone.

’ Y
4 1
T == ey M=)
ma |
m=2
— X - X
Fringe Fringe
)-1) 1) (p+ : (p-1 (D) (D
order (- o (pe D) (042) order e G P2)
Figure | - Fringe grating Figure 2 - Fringe grating
before perturbation. after perturbarion.

So the total optical path length difference is given hy :
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Al,:[p +: J/l } c[n('ﬂ)’))- n.,] (3)

Bright fringes in ligure 2 are given by : AlLy =mA ()

The relation between refractive index, pressure and temperature is casily knowi when
the thermal phenomena take place in dry air 4] The Gladstone-Dale law and the equation ¢l
state For an ideal gas lead to;

PN

~1=Kp=K - 5
n [) I\RI ()

where K is (he Gladstone constant, p the density ol air, P the pressure, Mthe molar mass ol
air, R the universal gas constant and T the emperature.,

The Tabric samples are heated hy a radiator put about 30 ¢cm above their surlace. The
conveetive [ux density crossing the fabric is given by Newton's faw

Peony = NCT--T,) (6)
T..1s the ambicent temperature.

Near the Tabiie, a thin layer of dir is not concerned by the convection. Heat is
tansmitted only by conduction. The conductive flux density is given by Fourier's law :

ar
Peond =~ K 8\,‘ (1)

K. conductivity of air. is computed thanks to the following formmla :

RPN Y .
L195 10771 .
et 8
1184T b

Lguating conductive and convective (uxes on the labric surface teads Lo
aT

k-— =h{Tg-T,, B
b, (T ) )

So the transter cocelficient is given by @ h (1

-
The bright fringe of order p that we have previously chosen as axis Oy verilies A = pA
incach point. So we can write equation (3) as :
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()=i_(-7t+t:d|| (11
i

Computing the differential of this equation leads to :

L | (12)
dy y=0 ie T, n,—1 dy
dx y=0
dy . . T,
. is the slope of the studied [ringe in y=().
Xly—o

I'rom equation (11) we get :

—ic(ng - ng)

XA =OA=—- = (13)
- . dy on
[igure 3 shows that == =
dxl._y  OA
The transter coellicient is then given by
Te |
h=k ,—*_’S—: (14)
I, OB

m=0

Figure 3 - Graphic determination of the heat transfer coefficient.

So the study of interferograms allows (o measure quickly and casily the heat transfer
coefficient.

11.2. Experimental setup
Figure 4 shows the experimental setup used to oblain these interferograms. The optical
arrangement is a classical onc. Tt is possible (o make measurements ina cylindrical volume (he

dimensions of which are 160 mun in diameter and 500 mm long.
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t
The plane of the interferogram is filmed by a CCD camera. Then a real time video
digitizer board Matrox Pip 1024 B digitizes the pictures obtaimed. So we bave the light
intensity on cach potnt of the interferogram.

Dusploy
urnb

Computer with

E ' "'_"_] digitizer boacd
P o

. He-Ne Laser - 20 Beam-splitter - 3. Mirror - 4. Alcnuating block - 5. Spatial filter -
6. Lens - 7. Study zone - 8 Fabric sample - 9. Radiator - JO. Holographic plate.

Figure 4 - Schematic diagram ofthe interferometer.

On figure 5 we present an example of interferogram with {inite {ringe grating. Far {rom
the external and internal surfaces of the fabric we sce that the fringes stay paraltel. They are not
distutbed. So we have at our disposal a reference zone to measure ambient temperature T...

ferogram.
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I11.3. Experimental resuits

The array herealter presents (he results obtained tor diflerent Tabrics we have ested.
The samples are put at first veriically, then horizontally.

Vestical configuration Horizontat configuration
Ts/T. h (\F\-’.n‘.'z_K") Ts/T., h(wW.mK"
Fabric A 1.02 7.26 1.03 3.8
[Fabric B .01 5.61 1.05] 342 |
Fabric C 1.02 5.07 .05 3.87
Fabric D 1.02 4.0l 1.048 3.87
tabric E 1.03 5.09 1.045 3.86
Fabric F 1.03 4.08 1.055 3.39
Fabric G 1.02 4.63 1.052 3.88
Fabric H 1.U2 392 1.052 388 ]
Fabric | 1.03 4.65 1.052 3.88

CONCLUSION

The method presented here is perlectly adapted to the measurement of heat transler

coelficients. For the time being, determination of the slope F_’}' is performed manually so it
4bs y=0

would be a good improvement to compute it directly through the comyputer, It could result in i

gain of time and accuracy. Such arcutine is on its way of realization.
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FET devices for environinental contaminants menitoring
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mmary - We recently developed several suitable ISFET (ion sclective field effect transistor)
vices for detecting different compounds of environmental interest (i.e. nitrate, anionic and cationic
~factants). Measurements were performed in fecdback mode by recording the gate output voltage
viation of the ISFET related to the analyte concentration in solution. After a full electrochemical
aracterisation, the new ISFETs were applied to the analysis of authentic aqueous matrices of
vironmental interest (river, lake, sea waters and so on).

pywords: ISFETs, environmental matrices, analysis. -

troduction

FETs (fon Selective Tield Effect Transistor) devices represent a relatively new kind of sensor
aracterized by a high degree of miniaturization, fast response, high sensitivity, low detection limit
d the possibility to fabricate multi-probe sensors [1,2]. These devices are suitable for the
onitoring of compounds of great interest in the environmental f{ield. The sensitivity of ISFETSs to
{ was first reported by Bergveld (3]. Since then, important studies on different ISFETs have been
1{formed by Janata |4,5]. In previous papers [6,7] we reported the preparation of ISFETs for H+
d NH4t analysis, and ENFET's (enzymatic-field effect transistor) for urea and creatinine analysis,
sed on utease or creatinine deiminase enzymatic membrane, respectively, coupled to an ion-
lective polymeric one, containing (or not) also a conducting polymer sach as polyphenylacetylene
PA) doped with iodine. The encouraging results obtained in these studies suggested to us the
ssibility of using ISIFE'T sensors to analyse other compounds, particularly those of environmental
lerest.

this paper we describe the fabrication of some new ISFETs based on polymeric membranes that
e recently developed, respectively: for nitrate analysis, using tetradodecylammonium nitrate
'‘DAN) as ion exchanger; for anionic sutfactant analysis, using benzyldimenthylcetylammonium
olate (BDMCACH) or trioctyl-dodecylammonium cholate (I'ODACh) as exchanger; for cationic
rfactant analysis, nsing dodecyltrimethylaimmonium reineckate (DITMAR) as exchanger and for
tegral toxicity test basing on the conplement with a FET of iimobilised Saccharomyces cerevisiac
1s (8-13). The possibility of using pI variations, due 1o yeast respiration, for toxicity
easurements was investigated by immobilizing Saccharomyces cerevisiac cells on a classical glass
ectrode; then a true "biofct” was constructed by immobilizing yeast cetls on a solid state device,
ised on a silica chip (FET). This biofct was used to determine several typical toxic agents: meta!
ns, cationic and anionic surfactants; an application to a4 water basin of environmental intzrest is alsc
ported . Two different kinds of chips were used to develop these devices, one (HEDCO FET)
pplied by USA and the other (A.S. FET) supplied by China. In all cases the base polymer was
tyvinychloride and sebacate or dibutyphthalate were added as plasticizer. In the case of nitrate
AT also a membrane with copolymer added was tested. The analytical results were generally
tisfactory, especially aking into account that it is often possible to use the sensor directly dipped in
e environmental matrix.

743



Results and discussion

In Tab. 1 comparison of the main characterisation data of the ISFETs for the analysis of anion
surfactants using TODACh exchanger and (A.S.) - FET or BDMCACh exchanger and (HEDCQ)
FET, respectively, is shown.

Table 1 - Response of ISFET for anionic surfactants analysis, 1o dilferent surfactants: (a) using (TODAC
as exchanger; (b) using (BDMCACh) as exchanger at the optimum pH and temperature values (i.e. pH=
T=25 °C). Values are the mean of at least three calibrations.

Aniogiic surfactant Dodecylhydrogen sulfate Dadecylbenzene Tetrapropylben-zene Cholate
sullvnate sulfonnte

Lincarily range (a) 5.0107-831WF (1) 5010%-3700% (a) 5010%-83107 (a) 10-104-1.3-10%
(molp) (b) 5.0107-3.710%  (b) 5.0107 40104 (b)) 40WS-1.7102  (b) 2510%-9.2.107
Slope (AmV/8loge) () 68.8 (10.1) (a) 78.6 (£4.0) (a) 75.5 (£1.4) (a) 472 (£0.1)
(c=moal/l) (b) 69.9 (£0.8) (b) 82.5 (£2.0) (b) 66.1 (10.4) (b) 38.0 (£0.1)
Correladon (n) 0999y (a) 0.9940 (a) 0.9958 (8) 0.9997
coelflicient (b) 0.9957 (b) 0.9960 (b) 0.9993 m) 0.9950
Response time (s) (a) <25 (a) <30 (a) <30 (n) <30

(b) <30 (b) <30 (b) <30 b)) ____520:30

In table 2 and 3 the characterisation of the HEDCO ISFET for nitratc with a membrane made ¢
PVC polymer, and PVC plus PVC-PVA-PVAc copolymer, respectively are shown. In each tabl
response time, linearity range, minimum detection limit, repeatability, accuracy of the measurement
reproducibility of the slopes and correlation ceefficients of the calibration graphs in the lineari
range reported.

Table 2 - Sensor characterization of the HEDCO ISFET in standard solution of sodium nitratec (membrane t
PV( polymer)

Response time (s) <25

Slope (AmV/Aloge)(c=mol/l) 51.9(+075)
Linearity range (mol/1) (2.5:10° - 2.6:10?)
Minimum detection limit (mol/l) 1.0.10°
Repeatability of measvrements in the linearity range (as pooled standard deviation) (%) 27

Lifetime (_"l‘.’il'") — - >2

Reproducibility of the slopes and correlation coefficient values of three calibration graphs in the lineari
concentration-range

Calibration n® Slope (AmV/Aloge ) Conelation coellicicnt
1 52.0 0.9975
2 51.3 0.9987
3 52.3 0.9986
Mean 51.8
RSU % 1.0

Table 3 - Sensor characterization of thc HEDCO ISFET in standard solution of sodium nitriie (membrane t
PVC polymer plus PVC-PVa-PV Ac copolymer)

Response time (s) <25

Slope (AmV/Aloge)(c=mol/l) 50.5 (+0.8)
Lincarity vange (uolfi) (1.4-10% - 3,6:10%)
Mininnun detection limit (mol/1) 6.2:10°%
Repeatabilily of measurcments in the lincarity 1ange (as pooled standard deviation) (%) 17

Lifctime (months}) >3

s



roducibility of the slopes and correlation coeflicient values of three calibration graphs in the linearity
enfration-range

Calibtation n® Slﬂp_c.-_ (AmV/dloge y __Courelation coeficicut
1 49.6 0.9935
2 50.5 0.9931
3 513 0.9947
Mean 50.5
RSD % 1.7

table 4 and 5 the respectively
fficient values, Kj (i.e. those that

1510
ear in the Nikol'skii equation, of the |

st common anionic interferents, sl ,,:f.:
ained by the mixed solution method _ : o3t
-15], with respect to the nitrate as - v d
nauy ion, are reported for these 1 ik

SOTS. % vank) §°-

dle 6 shows the  couwplete | ; '

wracterization of the Academia Sinica r ' :

‘ET for nitrate analysis and table 7 the !

wive selectivity coefficient values. v . Voot s
the table 8 response of the two kinds logcalammnia)

nitrate ISFET (i.e. the HEDCO ISFET
| the Academia Sinica ISFET ) arc
npared with that of the classical nitrate [Iligura 1 - Rcpealability of tuee calibration graphs for
i employing the same seclective nitrite analysis obtained by the HEDCO ISFET wilh a
mbrane. mcmbrane made of PVC polymer.

ble 4 - Potentiometric sclectivity coclficients of the nitrate HEDCO-ISFET (membrane by PVC polymer).

Interferenl lon () Background level of Polentlometric selectivity
biterferent fon {mol/) coefliclent @ (Ki)
Ccl- 1.0.102 1.2-1¢99
Br~ 1.0-102 6.9-102
r 1.0-.102 3.8b
H,PO; 2.5.102 2.6-103
B,0%" 1.0-102 5.7-10%
S0;” 1.0-10°2 1.4-10¢
HCO3; 1.0-102 5.0-10"%
Acetate 1.0-10°2 6.9-10°3
Phthalate 1.0-102 4.5b
NO3 1.0-10°2 2.0-10°2
OH™ 5.0.-10°3 1.5-102

[a  daia obtained by the “mixed solutions” method.

b data obtained by the "scparate solut-ons” method.
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Table 5 - Potentiomelric sclectivity coelficients of the nitrate HEDCO-JSFET (mmembranc by PVC polymx
plus PVC-PVA-PV Ac copolymer, T = 25 °C).

Interferent fon () Bacl{ground level of FPotentiometric selectivity
. Interferent lon {mol/l) coeMelent ™ (1K)
ar- 1.0.10% 1.2:.10°3
Br 1.0-10°2 1.5.107}
K 1.0.10°2 3.6b
H,PO; 2.5-102 5.6-10%
B40%~ 1.0-10°2 2.1-103
Loy 1.0-10 2 2.1.103
HCOy 1.0-10? 1.9-109
Acelate 1.0-102 1.9-107?
Phthalate 1.0.10°2 4.8b
oI~ 5.0.10% 3.5.102

u datt ubiamed by the “mixed solutions™ method.
b data obtained by the "separate solutions” method.

Table 6 - Sensor characterization of the Acadewia Sinica ISFET in standard solution of sodium nitr.
(membranc by PVC)

Response time (s) <25

Slape (AmV/Aloge) (c=mol/1) 537 (11.5)
Linearity range (1nol/1) (5.0-10% - 1.5.102)
Minimum detection Llimit (mol/l) 10-103
Repeatability of measurcments in the linearily range (as pooled standard devintion (%) 3.2

Lifctime (months) - > 2

Reproducibility of the slopes and correlation cocfficient values of three calibration graphs in the linear
concentration-range

Calibsation n® Slope (AmV/Aloge ¥ Comelation coelficieat
1 534 0.9532
2 55.3 0.99R3
3 524 09997
Meiun 537
RSD % 2.7,

Table 7 - Poleniiometric selectivily cocllicicnts of the nitrate Academia Sinica-ISFET (imembiane by PY
polymer, T = 25 °C).

Interlerent lon {) Bachground level of Potentlometric scleclivity
intciferent lon fmol /1) cocflicient @ (1K)
cr- 1.0-102 5.0-109
Br~ 1.0-10°2 8.0-102
I 1.0-102 10t
11,P0; 5.0.10°2 1.0-10°5
S04 1.0-10! 1.0-10°5
11CO5 1.0-10°! 1.0-10°4
Acetale 1.0.102 3.0-103
Phthalate 1.0-102 110
NO; 1.0.10 2 1.0-103
OH~ 5.0.103 0.1

o

data obtained by the "mixed solutions” method.
b data obtained by the “scparatc solutions” method.
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ible 8 - Comparison of analytical ¢ata among classical nitrate 1SE, nitrate HEDCO ISFET and Academia
vica ISFET (1= 25 °)

Nitraic 1SE HEDCO ISFET Acadesnia Sinica ISFET
nearity range (c=mol/l) 5.0-10%-1.510% mo 2.510%-3.6:10 2me 5.0-103% - 1.5.102 mo
ope (AmV/Aloge) (c=mol) 55.5(20.1) 519(0.5) 53.7(1.4)
inimum detection limit (c-=mol/l) 5.0.10% 1.0-10% 1.0-10°
2sponse lime (s) < 60 <25 <25
speatability of measurements in the 2.0 2.7 12

iearity range (as pooled standard
sviation) (%)

table 9 the analyses of the nitrale content in some envivonmental samples (lake and river water and
lid extracts) found using the Academia Sinica ISFET are reported.

1ble 9 - Analysis of nitrate content in environmental samples and recovery data by standard addition method
ing both ISFET aud classical ISE, respectively @ (T = 25 °C).

sample? IFeund value (ppm} Standard Total valuc Total fuund valuc (ppm) Recovery (%)
(RSD in parcntheses nitratc added (ppm) (RSD in parcotheses
_ (%) (ppm) (fe))
| n 1 ] 1 11 1 It
T 745 1632 4.20 1.6 11.8 11924 18(12) 103 100
2 1.08 (3.9) 1.05(5.1) 0.50 1.58 1.55 1.66 (4.2) 1.61(6.1) 105 104
3 19.6 (1.4)  18.8(1.9) 10.0 29.6 28.8 30.2 (2.1)  28.8(0.9) 102 100
4 460 (1.4) 481 (2. 230 69.0 71.1 T1.1 (3.7 613 (3.2) 103 97.5
5 297 (2.6) 309 (41) 150 44.7 459 440(1.1) 459(2.1) 984 100

Dataobtained: (1) using nitrate ISTET; 11 using classical nitrate ISE

Sample 1, water ftom Tevere river; Sample 2, witer from Giulianello lake (Cori, LT): Sample 3, waler extract of
wheat ficld soil in Gintianelfo (Cori, LT, Sample 4, water extract of grasslamd soil in Vaticano; Sample 5, walcr
cxtract of garden soil in "La Sapicnza” University of Rome.,

 tab 10a and 10b the analytical characterization of the recent cationic ISFET vsing (DIYTMAR as
cchanger and its sensitivity to several different cationic surfactants are shown. In table 11 some
xic calibrated curves data are reported. in the case of biofet. Tinally in table 12 typical examples of
yplications to aqueous solutions of environmental intcresr, i.e. lake, river and sca walter, are briefly
immarized.

iol'ET response depends mainly on the pi variation due to the development of CO9 produced
iring metabolism and is apparently not affected by any changes in the activity of other species
resent in the solution. It would not have been legitime to assume this in the absence of any
cperimental verification. Concemning this sensor it can be concluded the FET selective to HY ion, is
> less suitable than the previously described biosensors using different transducers (O electrode,
O electrode, pH glass electrode) in the determination of typical substances, such as metal ions and
itionic and anionic surfactants.

11 data reported shows how these sensors display fast response, good sensitivity and satisfactory
nearity range; also the values of the selectivity coefficients [G] reported in pervious papers [17-20]
e good and generally lower than those found in the corresponding 1SEs.

trong interference has been observed for phthalate and hydroxyl ions in the case of ISFET for
rionic surfactants analysis[17-20], for phthalate, iodite, and hydroxyl ions in the case of the ISFET
r nitrate analysis [18], and for the hydroxonuim ion in the case of ISFET responsive to cationic
irfactants {19].
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Table 10a - ISFET for cationic surfactant analysis characterization, (using PDTMAR as exchanger), i
standard dodccylirimethyl-arnmonium bromide (DDTMABT) solulion, in distilled water, al the optimum pl
and temperature valucss [10,15]. Values are the mean of at least three calibrations.

Cationic surfaclant delermined e DDTMABr g
Working temperatiie (°C) 25
Waorking pH 6.0
Response lime (s) 30

Linearity range (mol/)
Equation ol Uie regeession line (y=mV, x=mol/l)

Cunclaiton cocllivion (i)

5.01106-9.6.10°3
y=-56.6(£1.6)logx + 973.0(+12.1)
09984

Table 10b - Comparison of sensitivity (as slope valuc of the calibration graph) of the same cationic ISFET t
each onc of four different cationic surfactant. Experimental conditions: KCI = 0.01 mol/l; pH = 6; T = 25
|10,15]. Values arc thc mean of at least three calibrations.

Catjonic surfactant determined

Slope (AmV/Aloge) (c=mol/1)

Benzyldimethylammonium chloride -58.9 (41.1)
Dodecyltrimethylammonium bromide -56.8 (40.7)
Hexadecylpyridiniun bromide -49.4 (+£0.9)
Benzalkonium chloride -52.2 (10.4)

Table 11 - Data referred (o the calibralion curve obtained using the FET device as indicator electrode.

Toxic Slope (a.u./(mmol/1)) Lincarity mnge SD % Limit of detection
(mmol/1) {mmol/1)
Benzalkoniwn chloride 2.96 0.02 - 0.20 31 0.02
Sodiwn dodecylsullate 0.460 0.10-050 40 0.05
HgCl, 5.74 0.02-0.15 3.8 0.02
Cd(NO1p 2.45 0,01 - 0.20 5.8 0.01

Table 12 - Anionic surfactant, cationic surfactant, or nitrate analysis and recovery data (by the standar
addition method) of envirorunental water samples using the three resoectively studied ISFETs and operating i
the standard conditions opsimized for the different studied sensors [8-11].

Real sample Found value Standand analyle Total value Total fuund value Recovery %o
(1tmol/t) added (punol/l) (pumol/l)
(RSD%) (n25) (punolfl) (RSD%) (1=3)
River water 93 (1.7) 3762 459 468 (1.7) 99.8
Lake water 28 3.7) 29.8% 326 33.1 (4.2) 101.5
River water od 23.00 23.0 21.0 (2.8) 91.3
Lake water od 2300 23.0 23.0 (4.8) 100.0
Rex wiler od 23.00 24.0 22.0(23) 95.7
River water 87.6 (2.1) 49.4¢ 137 140 (2.4) 102.2
Lake water 12.7 (3.9) 5.9¢ 18.6 19.5 (4.2) 104.8

The results of some determinations on authentic environmental matrixes supports the claim that thes
sensors can be applied to anionic and cationic surfactant analysis also when directly dipped into th
real matrixes, such as lake and sea waters, rather than into distilled water or aqueous KCI solutior
Of course, the latter results is extremely important in the case of the application of these sensors "i
situ”,
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INTEGRATED PLANT FOR
MSW INCINERATION AND WASTE WATER TREATMENT
WITH ELECTRIC ENERGY PRODUCTION

G. Molinari - S. Pieroni
Universita degh Studi di Roma ‘la Sapienza” - Dipartimento i Meccauica ed Aeronautica
Via Eudossiana 18 - 00184 - Roma , Italy

e of the more pressing problems facing industialized countrics derive from the elimination of
normous quantities of refuses. In this problem. ltualy is quite beliind compared to other countries:
1 fact. the Municipal Solid Waste (MSIF) elimination is substantinlly based on the landfills. The
iffusion of the thermodestruciion process. with an energy recovery looking at the production of
leciric energy, will most likely become an inevitable choice in the near [future as a civilizaiion
oal: in fuct, valvable land areas for landfills are downgraded and their availabilin: in many sites
i gradually decreasing: besides. AMSH elimination by means of land/fills causes weli-known very
erfous problems for both the environmental pollution ond the health of populaiion..

n this swork an integrated combined plant is proposed. consisting of « MSHU-incinerator and of a
aste water treatment (1'IFT) plant. linked iogether in order (o use in place the previously treated
ludges from the IWINT plant. as well as the biogas coming from its digester, av an integration of the
D17 Jor electric energy production.

- INTRODUCTION

i Haly the problem of the elimination of the large amounts of MSW - a production valuable in
nilions t/d - is nowadays practically solved by means of Jandfifls only, since just the 10% is
estinaled Lo thermadestruction: it is elear that the Taud il method for MSW disposal can no longer
e used because of the continous slirinkage of available areas as well as of the their downgrading and
ceause of the very serious dangers (o the health of population as well as o environment pollution,

Ience the diffusion of the thermodestruction process will most likely become an inevitable
hoice in the near future as a civilization goal. and i this case the utilization of the combustion heal
elease i a steaw plant 1o produce electric energy can be also an economical investment depending
n the plant dimensions and on MSW composition,

In this aim (he authors propose an integrated combined plant. fig. 1. consisting of a MSW-
rcinerator and of a waste water treatment (WW'T) plaut, linked together in order to use m place the
reviously treated sludges [rom the WWT plant, as well as the biogas coming from its digester, as an
ntegration of the R, with heat utihzation in a steam plant for electiic energy production,

This installation can contemporary eliminate an amount of 100150 /d MSW and treat an
mount of waste water for a district of 100,000 inhabitants. In the end the MSW sent to the landfill
pteviously recycled) will be the large-sized vnes. aggregates, and ashes from the furnace, which are
Iso recyclable material,

The goals to be achieved mainly pay attention to environment and economy: briefly they «re:

Reduction of the amount of vefuse sent (o landlills,

Reduction of pollution,

Energy saving by utilization of valuable 1ecovered fuel.

Contribution to a return of investment by selling the swiplus ol produced cnergy vver the plant’s
sels-consumption,
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2-THE PLANT DESCRIPTION
The plant essentially cousists of four sections, {ig. 2:

o SECTION | - Incincrator
e  SECTION 2 - Waste Water Treatment Plant (WW)
» SECTION 3 - Steam plant

e SECTION 4 - Efftuents treatment plan(

Section 1 - Section | s a typical elinmation line consisting of a waste storage pit (kept at pressu
lower than ambient pressure to avoid bad smells), a station (or the treatment of MSW going (o th
furnace. and a furnace (co mbustion and post-combustion chambers). The maximum capacity ol th
section is 150 t/d constituted by 90 (/d MSW, 30 t/d WWT sluclges, 15 t/d grate screcning residual
and 206:d as overdimension rale.

After separation from the aggrepates (glass, ferrous material. etc.) and trituration by rotar
drum screen, the MSW flowrate is divided into two difterent streams:

e the first stream (residuals of fruit, vegetable, etc..), the so-called organic fraction, having lo
LV, (~ 4,000 kI/kg) and high moisture content;

e (e secuud une (paper, plastic, teatiles, ele,) having ligh LILV.(~ 12,000 KJ/kg) and low mwistur
content,

The latter - which is similar in energetic value and composition to the RDF2 (ASTM table)
is sent to the furnace, while the former is sent to section 2.

In the end. (he furnace burns a mixture of RDF2 and WWT sludges having 40:00 "
moisture content, together with the biogas produced by the anaerobic digestion - containing 65-7
% methane, with a L.ILV. of 26 MJ/nm' - previously washed to eliminate water and sulpht
compounds

e furmace is a roller prate type (Dusseldorf sysiem), and it is optimized for a mixe
combustion of refuse-sludges, because of its easy use, pood efficiency, high reliability, and loy
averheads, The good combustion efficiency is due, as known, to the high turbulence in th
combustion and post-combustion chambers oblained by thew particular design and by a system ¢
three combustion air streams in paraliel-flow with the combustible.

The furnace capacity is 7:9 t/h.

Section 2 - For the WWT an activaled sludges treatment process has been chosen, because of bot
the relatively high capacity and (he required efliciency. This plant has three parallel lines. each o1l
realizing the following processes:
e (rate screenimg
e liqualization and homogenization
e Deoiling
o Scltling
e Anacrobic digestion,
The following reduction efficiencies are required:
e Ammonia 83%
e Total phosphotus 74%,
e BOD and COD 90%
e Solid particles in suspension 80%;
The grate screening residuals. whose features are similar to those of MSW. and the digester sludge
(after pressing) are sent to the furnace. The clarified eMMuent is discharged into a basin (iver , lake).

Section 3 - [n (he plant an amount of heat power of 23255 kW is available coming from (
combustion of RDF (16280 kW), grate screening salid (1453 kW), water treatment residual solic
(4050 kW) and biogas (868 kW), With an assuined overall elliciency 0.25 an electric power 581



W can be obtained. In fact. the clectric energy production amounts 1o ~130.000 kWh/d.
17.000: 40,000 for integrated plant’s necds, the remaining part being sold to E.N.E.L. according to
he italian law,

The heat recovery plant consists of a steam plant operating on a supeheat-condensing
Rankine cycle,

The steam gencrator produces ~1& t/h of steam at 45 bar and S50 °C, and for this rating a
valer tube type has been preferred because of less maintenance problems and higher reliability, The
e turbine is a three stage action turbine (Curtiss) which drives a six-pole alternator,

section 4 -The last section is the eftluents’ treatment plant according to the enviromental standard.
t consistrs of a cyclone systen. a dry system and a baghouse filter

‘The cyclones remove particles of larger diometer (~20 pun). In the diy process. the acids in
sases are neutralized by soda or powdered lime. with efficiencies of 9524 for halogen acids, 50%% for
30,. and by sodium bicarbonate when higher efficiencies are required..
e baghouse filter has been preferred (o the electrostatic-(ilter for the remotion of smaller particies
0.2 :2pm diameter) because of lower cost. coeteris paribus (e(liciency ol 99%).
Regatding NO, and sodium acids, the gas recicculation is carried oul. helped by the injection of
rmmonia or calcium bicarbonate.

3 - MAIN PLANT COMPONENTES DIMENSIONS
n the following the basic dimensions of the main plant components as resalting from the calculations
ire reported.

Section | - MSTH rate 120 tid
» aste storage pit

volume (Vy=P*Nx*cs/p) 1250 ¢

VISW densily afier pressing (p) ' 330 kg/m'

slorage capacity (as davs N) A

werdimensioning coeflicient (cs) [.15

limensions (patallelepypeclic shape) 171250

» [urncce

sapacity (max) 9 tonvh

combustibile RDF 2 - sludges - biogas
wverage LIV, 10.000 Kk.Jikg

oller number 7 (d=1.5, 115 m)
limensions diameter I.Sm
aperating lemperature 950+ HIDO ¢

Al excess 100

biogas burners 2

combustion air temperature 150+ 200 °C
residence time (1000 °C) 45

pas speed at the outlet 10« 15 s
refractory wall thickness 450 mm

heal release rate (qy) 130 kW'

~3
1
o



furnace volume (V=P Hiqy) 205 m* (6x5%7)
stoker mechanical load (C,,) 300 kg/m"’h
stoker surface (P/C) 21

Section 2 - 117 mean flowrate Q=35.000 m'd. mean BOL valie 230 mg/|
e primary seuling basin tcircular basin)

hold-up time (1) 2N
volume (V=17 +()) 2916 m'
surlace (Sg=0:Cy ) R10 W’
surface hvdranlic Toad (Cs(Q/Se) 1.X m/h

e hiological oxidation

volume 2.790 m'
biomass concentration 3.5 kp/m'
e Secondarv seuling buasin (cireular besin)

hold-up time () 3h
volume (Vg=1%()) 4302 m'
surface (Sg=()/Cy-) 1215 m?
surface bydraulic load (Ce=Q/Ss?) 1.2 m'h
solid flux 3 kg/m’h
discharge coefficient 0.85
clectric energy consunption 12,300 kWh/d

Section 3 - Steant plont (P=531R kW)

o Turbine - Cuee the enthalpy drop Ah has been obtained from the cycle caleulations. both th
avernge diameter and the blade length for the first partial admission turbine stage as well as for tl
Lo following stages me carricd out, L.e.:

rotor speed 6.000 rev/1”
Ith stage rotor diameter d=14m
mean blade Jength h=0.035 m
2thvand 3th stage rotor diameter d=12m
mean blade fength : b= 0.02m

s air comdenser
The heat transfer surface is cartied oul by the heat transfer equation. ie. Q. = U*S*LMTD, whet
Q. is the heat power to remove lrom the steai cycle, U is the overall heat tansfer coellicien
LMTD is the logarithmic mean temperature difference. Being Q. = 17,440 K\, if U=30 W/m’K an
LMTD=20°C are assumed, $=17.440 m” is obtained.

Assuming an ait temperature increase of 20 °C, the air volume flow rate 680 ~ m'/s resul
which needs, 1l an air speed of 15 mi/s is assipned and choosing a tube diamelter SO mm. a number ¢
tubes amounting to 22.850. Uimally, a tube lenpth of ~ 5 mis determined.

section 4 - Exhanst gas flowrate 38.000 Nm'/h, eas temperature 200250 (.
o (velones

digmeter. length 0.5 m k- 2m

pas speed (v) 10 m/s

dilatation coefticient () 1.7

surface (S=1.0Q/) 179 m

nuniher 4

o Bug hose

paiticle load at inlet / oullet in/out 15735 mg/Nm'
adsorbmyg surthce (S =/Cy) 422 '

bag number 150

e iew]



g dimensions
£ house dimeusions
g duration

- PLANT COSTS (milliou $)

d=0.3 b 3 m,
O8%0,5+7.5 1

2:2.5 vears

the following the results of a global economical analysis are reported

- Capital costs

/il works (land excluded)
ichinery

tal

- Operating costs (annual)
preciation allowances (20 y)
erest

rsonnel cost

jintenance

agents/water

msparts

tal

- CONCLUDING COMMENTS
conlusion. we want to emphasize the importance of the MSW incineration for Jtaly as the only

Incinerator
22
S.R0
RY2

Iucinerator
0.44)
().05

T0.38
0.71

WAVT plant
6,25
5.00

1125

WWT plant
0.30
0.46
0.31
0.42

total
037
P28
20017

total
0.70
.41
0.69
.13
0.10
.83
4.50

Iution in the near future, considering its economical and environmental advantages.

re economical advantages are mainly due to energy recovery owing to sale or sell-production as
ell as 1o the money saved by municipalities for the transport to landfill, whereas the environinental
es larpely come from the reduction of the amounts send to landfill, as well as from the recycling
ocess and from the emission of clean gaseous effluents.

esides, our work wants point out the technical and economical advantages carried out by the
alization of an integrated plant which combines a thermodestruction plant and a waste water

2atment plant, with an appreciable reduction of environment pollution.
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“Emissions Trading : Utility for Environmental Protection™

Malik Amin Aslemn
ENERGY / ENVIRONMENT EXPERT
Islamabad, PAKISTAN

ABSTRACT

The paper endeavors to explore ideas for the application of “Enussions Trading”™. for purposes of
environmental regulation in developing countries, pasticularly looking at Pakistan, and strives to sct a
conceptual stage fou raising questions for future empitical research

To study the concept of “Emissions Trading” requites both the knowledge and experience of the past and
an adventurous and innovative spirit to explore the future This joumey is initiated, by first introducing the
concept in context with the wide choice of “Policy [nstruments” available for the regulation of the
environment and then tracing the evolutionary development of this concept as well as describing the
versatility of its applications at both the domestic and the global levels

A conceptual examination of the instrument is carried out by developing an evaluation critena and
applying it to the experiences in USA (“Credit” as well as “Allowance™ trading™) and Chile (“Paiticulate
Compensation Scheme™), to draw out some useful lessons.

This 1s followed, by an investigation of the utility of the concept for Pakistan, by describing Pakistan’s
present and expected future power generation prcfile (emphasis on the themmal side), ountlining the
associated issues. Based on this and the lessons derived in the previous sections the potential utilisation of
“emissions trading™ in Pakistan is analysed, ending with scine recommendations for it’s use. particularly in
meeting the, recently established, National Environmental Quality Standards, for the thermal power
generation industry.

CONCEPT & EVOLUTION

POLICY INSTRUMENTS FOR ENVIRONMENTAL CONTROL

The various mechanisms utilised for environmental control endeavour to place a scarcity value on
environmental resources either through restticting the “Quantity™ or by contiolling the “Price” with the
aim of intemalising the external costs of pollution and, thereby, making the poliuters bear the cost. Table-1
provides a convenient taxonomy for understanding the concept of “Emissions Trading”, by giving an
overview of the range ol policy instruments utilised for pollution control, moving between “Command &

Control” and “Economic Instruments™ on one scale and between quantity and pricing based instruments on
the other

Aype Of Instrument | QUANTITY PRICING -
ECONOMIC @R MARKET BASED Tradable Pcimits Charges(taxes)/S
ubsidies
COMMAND & CONTROL (CAC) e Standards
e Enforcement Mechanisms
e Licensing

Table-1 : Classification of Major Environmental Control Instriments

Command & Control (CAC) or direct regulatory control mechanisms aim to “insure” against the
probability of highly damaging events by controlling the pollutant quantity rather than the prices, through
standards, whercas Economic or market based instruments (EI/MBI) rely on pollution taxes or tradable
permits as a leverage to totivate pollution sources to seek ways to limit pollution

A comparative description of the above stated instruments is provided in Table-2 below, bringing, forth the
merits of the “tradable permits” approach to pollution control which combines the “instratice™ benefits off
standards (CAC) with (he “incentive™ effects of taxes and provides a strong impetus for least-cost
compliance through provision of enbanced flexibility, choice and the option of tradability.
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Instrument Advantages Disadvantages

Standards « Insurance henefits = Non cosl-effeclive
+  Effcctive for simple prohibition + No “one size fits all” solution
+  Cause brake on innovation unless
1evised
*  luequitable solutions il lax
o o o _enforcement
Taxes/Charges + Fuvironment ()\mhlv atleastcost |« Fi Ixing, optiniun Jevel \orv / difficult
= Source of revenue «  Very high levels for behavioural
» Incentive for innovation chanpes

«  Political accoptance low
»  Avenues for IllISlISC .

Subsidics +  Promote environmental fiXa% als »  Phase-oul |pnured pmchcally
il = Effective if conttolled usage | »  Political misuse .
T «  Ration a fixed sapply . hl[lh wansaction costs
e Combine “incentive™ & » Initial allocation can be
“inswrance” Lbenefits cumbersome

»  Flexibility, choice and tradability | »  Baseline emissions data reliability
leads o least cosl compliance

Table -2 : (ompmulnﬁ 11::1/\%1\'

EVOLUTION OF EMISSIONS TRADING

The concept takes its roots in the US where, beginning in 1975, the high compliance costs associated with
the inflexible and traditional “Command & Control” approach to controlling air pollution led the EPA
(Environmental Protection Agency) to begin experimenting with a tradable permit approach. termed
“Ennssions Trading/Credit Trading, Under this program, any source could choose to reduce emisstons to a
greater extent than that required by the emission standard and, subsequently, capitalise the excess control
as an “Emission Reduction Credit”, which was described as the currency of emission trading. Moreaver,
these ERC's were made transferable and, as long as they did not interfere with the attainment of desired
emvironmental goals, they could be used to offset another pollution control olligation either within the
same firm (intemal trading) or between different firms (external trading) thus allowing, firms the flexibility
to choose the cheapest means of satisfying the regulatory requirements

The concept was initially introduced through the process of “netting” of enussions i 1974, which
authorised intemal trading to allow modif’ying or expanding sources to eccane from the need to meet the
vequirements of the, rather stringent, “New Source Review Process . Whereas this was considered more
of a regulatory relief than regulatory reform, the “Offset Policy™ in 1976, which allowed for location in
“Non Attainment Areas™ through internal/extemal trading was seen as a major practical development of
the concept This was followed by the Bubble policy in 1979 and the Banking concept i 1980 both of
which extended further flexibility for creating, certifying and utilising the ERC’s and developed a strong
industrial constituency for emissions trading.

I

Some Current Experiences

Following the path, broken by the “Credit Trading" program, the concept hhas been applied to several areas
of environmental policy, proving the versatifity of its application. Both the “Lead Trading™ program
(1982-87)and the “Program for Trading of Ozone Depleting Chemicals™(1988) in the USA, cmanated
from the “credit trading” concept and provided flexibility and incentives to the icgulated firms and resulted
in reductions in the cost of compliance (Hahn, 1995)

The “SO: Allowance Trading Program”, initiated i 1990 for addressing acid rain problems in the US, is
vegarded as a tuming point in the development of the concept and provided a refined trading model aimed
to provide greater flexibility, clarity, transparency and cost-savings while mecting pre-specificd
environmental goals. Under this, transferable allowances to emit SO, for a specific calendar vear are

' The US EPA’s administrative process of review aind approval of permit conditions lor new sources
2 . - . .
© An area with air quality worse than ambient standard.



nocated (0 e eiecinc utdiues. who atre then given the Hexioity 1o iraac aliy wtutiinsSca aiowances w da
ndeavour to lower their cost of compliance

“lis approach culminated from the Conggessional belief that, through this instrument. acid rain reduction
oals could be achieved at a much lower cost to the economy than otherwise. The allowances would go
/here they could be used best, minimising the overall cost of control in the process, while the legislatively
andated total emissions target would be held constant

n addition to the wide-scaled application of the instrument in the USA, it has also been utilised in some
ther countries. For instance, a limited form of the concept has been used in Germany, whereby, new
flants seeking to locate in areas where allowable ambient conditions have been exceeded are required to
btain emission offsets from the renovations or renewal of old plants This program carries a unique
‘haracteristic of allowing reduction of other pollutants, as offsets, as long as they are shown to have a
:omiparabte effect on the environment.

-lowever. the only documented experience of the use of trading systems as a pollution control instrument,
it a significant scale, in developing countries is the “Particulate Matter Compensation Scheme™ in Chile,
argeted for the air pollution problems in the city of Santiago and its environs. Industrial emission sources
»f PM-10" have been addressed by a decree’, which provide the policy framework for a tradable pollution
ights approach as it combines an emission standard’ with a trading system, to be phased in by 1997
Jnder the program a phased compliance was allowed for existing sources while new sources wese required
o compensate all their emissions before the deadline of Jan’97

3efore proceeding to describe the progression of the concept at the global level through “AlJ”, a biief
svaluation is provided with some useful lessons, focussing on the US and Chile experiences.

EVALUATION & LESSONS
EVALUATION OF USA & CHILE EXPERIENCES

The evaluation criteria enlisted below, were used to conpare the performiance of the experience in USA
with “Credit Trading™ and the “Allowance Trading” program for SO, reductions with the Chile-PM
Compensation scheme and the 1esults summarised in the table-4 below (Aslam, 1996):

Evaluation
Criteria

US-Credit Trading

Cost Savings

$5bn-$12bn since
1975 but less than

US-Allowance Trading

Chile-PM Compensation

-Allowance costs much
less than expected

-Cost savings less due to
nature of market (number

-Internal trading

-internal trades
(precautionary approach)

expectations -$300 min from one of small sources and
iransaction internal trading prospects).
Regulatory Costs $10min More than $50 min -Approx.$1min
since 1989 -Benefit:cost ratio of 2.4
Flexibility: Constrained Enhanced -Maximum (no zonal
restrictions)
Participation -VOC Maximum -lower than expected -Very less

-Only internal

Program Start-up

-Simple and Quick
-Phased voluntary
build-up possible

-Complex and time
consuming

-Need for complete
industry consensus

-Quick, with strong,
Government & Industry
support

Compliance

Enhanced by lower
cosls

-Ensured by project
design

-Spot checks/high
penalties

-Deadlines not met
-Lack of compensation
credits

Administrative

-High transaction

-Stds.dircctly linked to

-Bureaucratic difficulties

¥ Particulate Matfer (Jess than 10 microns in diameter)

' No.04/1992 issued by the Ministry of Health, Chile.

* Max._ allowable concentration of P.M set at 12ing/m3 N
“ Generally termed as “emissions (rading™
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Invironmenial
(roaly

Tnnovation

~Ambiuons

_property rights

-Neutral

-NMoral opposition
by env, groups
-Fear of “phantom
liades™

Incentivised

Consumer Benefits

Chanyging
Pereeption

-Env (ﬂl:\m} ===
reached at lowest
cost

-No pass throngh of
cost savings
-Progessive
acceplance throtyzh
“constiuctive
ambipuity”™

Monitoring &
Enforcement

Overall
Assessment of
Fxperiences

SOMI:

A number of useful lessons, particularly pertinent to it's future utility, can be diawn out ot the evolution,

Same as CAC
regime

Substantial

improvement over
CAC approach
-Environmentul
quality attuined at
lower cost

-Fell short of

expectafions

-Success story

-lawer transaction cosis
(auctioninfo)
~Safeguards butll in
-“Hot spol” problem
alleviated by small
distributional impact
-More allowances bought
than required,
-Competition for
compliance options (cg,
scrubber costs)
-Env poal achieved al
lower costs

-Some states required
“pass through™ of cost
SaVings

-Tangible demonstration

-Constituency enlarged
(Superfund)

-Self monitoring proviso
-Random spol checking,

-Improved upon CAC &
previous program
-Quiperformed
expectations for cost and
compliance

T Table-4

| -Rulechanging

=“Contral vs Facilitate™
-Goals nol specified
properly
-Faulty baselines on “full
load™
-Too much simplicity for
_speed of program

Not applicable

-»_Polcnlially high health
benefits hutnot attained so
Tau

-Reversal occunred
-Enthusiastic start lead to
alarming, situation

absence of spot checking,
and penally enforcement

-Text book errors in
project design
-Effectiveness curtailed by
desire for simplicity &
speed

-Framework established
Sor improved performeance

LESSONS FROM TIHE EXPERIENCES EVALUATED

development. rmplementation and preceding evaluation of using the concept in USA & Chile

I Cost Effective Environmental Control @ The concept has shown considerable success in achieving, cost
savings, aver a CAC approach, by providing increased tlexibility and choice for enhanced compliance
while mamtaming desired cnvironmental quality as well as meeting specified environmental control

targcts

2 Degree of success dependent on_various factors :

been strongly influenced by the following, factors :

s The cfficiency and cost-effectiveness of tradable permits are based on assumptions of profit

The degree of success achieved Ly this program has

maximising polluters, who teduce pollutien because there is money to be made

e The presence of different abatenent cosis across sources is an essential impetus for trading,

e Cost effectiveness of the concept is increased Ly grearer participation and laiger number of

trades

e Trading works best with problems that manifest themselves over a large geographical areaitha
large population of agents, as shown by the “Allowance Tiading Program”™ with a laiger

coverage (whole of US)

o The concept has worked particularly well for trading involving uniformty mixed pollutants and
Sor non-uniformly mixed polhutants imwolving contiguous discharge points. An example of the
former are VOC's, which accounted for the majority of trades nnder the “Credit Trading
Program”, as the tradee did not involve dispersion modelling and s0 were cheaper to consummate

and also alleviated concerns about fermation of “hot spots™
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reduce transaction costs and thereby increasing the chances of trading and cost savings

Clarity_of problem and policy stability = The concept has proved to be more effectively implemented,
when clearly defined and directed towards specific envitonmental goals ¢ g Acid vain reduction m the
“Allowance Trading Program™ This clarity of purpose provides credence and integity to the program
and enhances its acceprability among the vatious lerest groups whereas unpredictable or erratic
policies can erode the basis of the program. as shown in Chile, where fiequent rule changes caused
serious credibility concerns

Defmition of property rights : One of the factors attnbuted to the success of the “Altowance Trading
Program™ was that the uncertainties inhetrent in the previous pragram were reduced ¢.g by providing
banked allowances’ and 1ecognising that assuring future existence of allowance was a major factor in
determining its dollar value. Thus, wheteas, the clear definition of property rights 1emains a basis for
cnhancing trading credibility, it has to be weighed up against the risk of making mistakes during mitial
expericuces ancl early design refinement Tlus tisk factor was accounted for i the carly US experience,
at the cost of non-optimal trading, however it was ovetlooked 1 Chile, which now faces potential
environmental deterioration based upon clearly defined but marlequately measured enussion allowances
It should be kept v mind, though, that designing the program with the above considerations can be
tricky but it could be critically important to either kecp some avemues of change open eg option of
review after 10 years with a 5 year advance notice, or elsc (o keep the scope of trading small initially
e.g through a pilot/demonstration program.

. Coping with spatial issues imperative : In cases wheie emissions location matters, for instance when the
occurrence of “hot spots™ 1s a potential problem, the design of the program needs to be altered (eg
With diffetent offset ratios or by restrictive/conditional trading) to ensure that trading does not result in
making a bad situation worse. In this regard, the design of the “compensation scheme™ in Chile agamn
provides a glaring example of how avoiding this issue can lead to potential environmental
deterioration

». Evolution_of trading program design : The general evolution of the design of emissions trading
programs i the USA has been from “credit” towards “allowance™ trading which, though seemingly
quite similar, have got some subtle but significant differences -

» Allowance trading carry the potential for providing greater cost savings but require a complex and time
consuming procedure for identification, inventory and initial allocation of all participants before
implementation

e Credit trading, on the other hand, requires general agreement on a set of procedures and can be enacted
without including all regulated organisations

e Credit trading does not require creation and allocation of “currency of trade™ and so is quicker and
simpler to set up.

e Cost of establishing Allowance tiacding is higher and must be paid even if no trades are consunumated
Moreover, the major portion of this cost 1s paid by regulators, whereas, in “Credit trading™ this i1s paid
by participants.

e Credit trading programs allow for refinement and progressive build-up in a diverse environment,
whereas, Allowance tiading programs have very limited flexibility for incorporating change.

CONCEPT AT THE GLOBAL LEVEL

The concept has been elevated to a global dimension with future prospects of it’s utilisation to address
concerns about “Climate Change™ through the development of a “Tradable Carbon Emissions
Entitlement” scheme. The idea emanates from the 1992 “Framework Convention on Climate Change”
which presented the concept of “Joint Implementation”, generally referning to those actions which
countries jointly develop to mitigate “Green house gases” and permits a country with lower abatement
costs to over control emissions or cteate greater carbon absorption capacity and potentially trade them
with a country having higher marginal emission abatement costs

"1t was stated that EPA can not extinguish any allowances, once issted, and also that any changes in National
Environmental Quality Standards would not affect the prevailing status of allowance.
* Change in climate resulting in global watming, due to uniestricted increases in Green House Gases

761



T T T R el e e T R, — TR Rl i Ao ol ittt b ' P . iy T o T T LW s et A A . o

of the paities Lo the convention subject to certain conditions such as prior approval of Govemments, non-
crediting of  these endeavours towards national commitments, additionality and requirements for
measurability. The concept is quite identical to those underlying the “emissions credit trading™ programs in
the USA and “Al" is. thus, viewed as a prelude to the multilateral trading of emission rights. Just as the
“Offset and Bubble™ policies in the US led to a full fledged emissions trading program, which later further
refined into the “allowance trading” scheme, JI is expected to metamorphose into a tradable permits
progiam owing to certain distinct advantages such as the uniformity of CO2, the global nature of the
problem and the potentiallv varying global abatement costs.

UTILITY OF “Emissions Trading” FOR PAKISTAN

The energy sector (power generation) i Pakistan, which had been previously dominated by a monopoly
utility relving maily on hydel generation (45%), is presently undergoing a massive restructuring with
privatisation of existing thermal facilities as well as induction on mdependent power producers (IPP's)
This has co-incided with a  shift in generation profile from hvdel (estimated to fall to 26%) towards
thermal (mainly based on fuinace oil) and has necessitated the need for tighter environmental control

In this rcgard Pakistan has recently established, and is i the process of tmplementing, “National
Environmental Quality Standards (NEQ's)” for the power wndustitv. Whereas. this particular CAC
approach follows a “parfonmance based standad” approachit does not take into account the difference in
abatement costs across the sources/plants and, according to pure economic criteria, would certainly fall
short of providing industiy the least cost measure of meeting the NEQ)'s. The imposition of an effluent tax
on the poliution would cary the, eatlier stated, prohlems of determining, the precise tax level and political
acceptability. A tax levied at too high a rate would setiously curtail economic growth whereas tax at too
Jow a rate would fail to meet the environmental objectives. Moreover, the imposition of an industry wise
poliution tax would he an extremely difficult pill to swallow for any political govermment

Research has shown (he concept of “Emissions Trading” to provide an ideal middle ground, which can
both provide the “incentivizing”™ benefits of taxes as well as providing the “insurance™ bhenefits of
standards while allowing the industry enhanced flexibility, choice and cost savings in complying with
stated standards. The adaptation of a trading program for mecting NEQ's could provide the following
bencfits for the industry in Pakistan :

e Allows maximum flexibility m meeting stated targets to industry (eg retrofitting, fucl switching,
efficiency improvements ar hiying permits)

e Expetience proves that compliance can be reached at least-cost to the industry as firms with lower
abatement costs can over-comply to attain “emission reduction credits” which can then be sold off to
firms with higher abatement costs.

e Can allow for locating plants in, otherwise, non-attainment areas with the development of an “Offsct
scheme” eg Karachi area is already severely stressed as far as SO2 levels are concemed and with
further mushrooming of private power plants could soon reach critical loads. In such a scenario,
further economic development in the highly advantageous port area could be seriously constrained
The offset scheme could provide for a possible solution in such case by allowing for future siting of
plants in the area, only if they can totally offset their emissions before locating in the airshed. Also,
going a step further, an environmental impr ovement in the aiea could be realised by fixing the “Offset
ratio =1, thus implying in a reduction of total airshed emissions every time a new plant locates in the
arca. For the industry, allowing such a flexibility would provide the choice ot weighing the benefits of
plant near Karachi and paying for the extra credits, versus locating at a site away from the port city

e Would allow non-complying plants maximum choice and flexibility of commpliance

e Would incentivize the new plants to over-comply if they can attain and then trade “emission reduction
credits”

e “Bubble” schiemes or airsheds could be defined around the concentrated industrial growth areas,
allowing for complete flexibility of tiading within the zoncs, while tegulating the total airshed
emissions.
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YIHE At the aoove tralls  of a trading scheime coula \WOrk 10 Uring aown 10e CoSts or COllpitsce ana
vereby lead to a position of increased compliance. it is extremely tmportant to lcamn from the trading
chemes, analysed previously. to ensure proper design of the instrument taking into account the, eatlier
tatedl. requirements and concerns such as:

Propeily addressing the “hot spot™ pioblems
Strict enforcement with heavy penalties
v Ensuting the reliability of baseline and ongoing monitorig data
+ Clear definition of propeity rights
+ Admmistrative support and piice revelation mechanisms to reduce transaction costs

Nevertheless, there is a need for researching on the practical utilisation and designing of a possible
‘Emissious Trading” program, to benefit from the established advantages of achieving stated standatds at
cast cost to the industry

CONCLUDING REMARKS

In concluding, it can be stated that the concept of “Emissions Trading” has worked, with a varying degree
of success, in a lot of different citcumstances and situations to achieve cost-effective environmental
control, Jtis an instrument that could be designed for eftective environmental contrel in theimal generation
sector and, in patticular, caries immense potential for utilisation by Pakistan at the domesic level, while
meeting the stated NEQ's at the lowest cost to the industry
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SERVICE ENTERPRISES FOR DECENTRALIZED USE OF RENEWABLLE
ENERGIES IN RURAL AREAS OF AFRICA

OtiTied Ischebeck

Bavarian Center for Applied Energy Research (ZALL Bayem),
Domagkstrasse 11, 80807 Munich, GERMANY

Abstract Decentralized systems [or the utilization of renewable energies in rural areas
ol Altica can become essential for econamic development, improvement of hygienic
conditions, and for saleguard of forests and water resources. Systems for drinking
watet supply, lighting by PV-systems and solar cooking are suitable for cicating simall*
seivice enterprises. The systems contain, in general. some components ol advanced
technology, requiring production in industrialized countries. as well as components
which can be produced locally. Assembly. commercialization, maintenance. repair and
recycling are entirely possible in Aftica. Linking economic dynamics and new technical
developments a new positive outlook emerges [or econoniic development and the
protection of the natural environment in rural regions of Africa.

1. Strategies for initiating economic and teclinical development in rural arcas of Alrica

Three decades afler independence of African States, policics for development give way to
policies for crisis management. Has economic and industrial development in Alrica become a
hopeless case? Should industrialized countries rather restrict intervention to humanitarian help
in case of {famines. epidemics and civil wars?

But, rather than falling in line with such pessimistic views on economic and political
development and with reports on the degradation of the natural environment in rural regions off
Africa, we should set out to find a more positive outlook for economic and technical
development of rural Al¥vica, taking into consideration positive experiences of the past and
learning the lessons from negative experiences

Past strategics for development have not created sclf supporting economic cycles of
production and use ot technical devices within rural arcas of Aftica. The task which remains
posed since independence is still not solved. Agenda 21 of the 1992 Earth Summit in Rio
provides political guidelines for this task: LEconomic and industrial development should be
promoted together with the protection of the natural environment, both local and global, and
together with fair North-South trade The downward spiral by the triad of lack ol capital lor
development, lack of sulTicient employment. and degradation of natural resources, leading to
growing dissatisfaction and want of large parts of the population should become opposed by a
triad of creating employment by local production of values, initiating economic cycles with sale
or rent of this production, thereby satistying basic needs of the population
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In view of these puidelines, we can formulate principles and goals of a new approach to
development of technology and economy in 1ural areas of Altica:

* Systems lor use in rural areas must be technically mature, robusl. casv Lo handle, to
maintain and to repair. They musl it into the rhythim and basic habits of the daily life
of the large population

* Assembly, commercialization, maintenance, repair and recycling should be i African
hands  Partial industrial production in Alvica is desirable. All profits fiom the
economic cycle should remain within the regional economy

* The technical devices should be designed for large dilTusion among Families o1
communities The production and the economic cycle shonld be cconomically sell
supporting and create a large employment. This 1equires system prices to be
atYordable to the large population or to communal budgets

The use of systems based on renewable energies plavs an essential role in this coneepl
Recent and still ongoing, technical progress makes these systems maore reliable and less costly
By their inborn character as decentralized systems they (it well to the development of runal
regions A prograni for use of decentialized rencwable energies in rural areas of Alrica should
focus on basic needs for lighting, ol houses, cooking energy for houscholds or institutions as
schools and hospitals, and clean water for drinking and medical use

However, past experiences with programs for introduction of rencwable energy systems in
Africa often were not positive. These experiences should be thoroughly evaluated and an
essential task lor the conception ol a program for an economically successful introduction of
rencwable energy systems in Afvica will be to design such strategies and goals, which can
trigger and snpport a dynamic economic evolution and which can avoid a repetition of failures
or stagnation of previous programs  Previous programs, for example by the Deutsche
Gesellschaft fur Technische Zusammenarbeit ((1'7Z) have been technically successtul with
Solar Home Systems for lighting, communal puniping of drinking water under certain
conditions, and battery charging stations. However, GTZ aller 20 yecars of experience in this

' , of SERITE T .. ol N BTG | o | o
orimately 150 projects in more than 30 codntiies i sl "strongly conceroed with

Wry

field in appro
questions such as:
To what extent can the renewable enerpy systems be considered as sell starters, and
what form ol support do they tequire in otder ta he disseminated in accordance with
markel principles?
-~ Which strategic approach oflers the hest prospect ol success in micro- and macro-
economic terms?
Which inherent characteristics of rencwable encrgy systems hinder commerciali-
zation under the existing framewark of economic policies and market conditions (1)
Rural service enterprises [or distribution ol renewable energy systems lor lighting,
conservation ol irewood and char coal, and for providing clean water appcar to be able to
achicve the desired cconomic and technical development in the nnal regions of Altica. The
creation of such enterphises is subject of a three step program carried vul by the Evangelicat
Futheran Charches in Bavatia and in Tanzania, cooperating with the Association for Crafls
Promotion in East Afiica, Hanover and the Bavarian Center for Applied Energy Rescarch:
I The first step, caried out during 1995 and 1996, consisted in assessing economic concepts
and the technical basis for small energy service enterprises in rural arcas of Africa.
2 The second step, which is presently lieated, sets up several pilot projects in different parts
ol Tanzania Two of these enterprises will introduce solar lanterns in- rutal communities, a
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third focuses on dissemination of solar cookers v an arid region of central Tanzania. A
[orth pilot enterprise will provide clean water to a hospital by pumping, heating and
disinlection. The sale ol clean diinking water in boltles is envisaged.

- The thind step intends to disseminate the concept of  self-sustaining rural energy service
enterpriscs, eventually contributing to a network of production, use, maintenance, repair
and recycling ol renewable energy syslems in ‘Tanzania and elsewherc in Alrica

. Economic strategics and cconomie incentives from ccology
The aim af a spread of enterprises for 1encwable energy systems in Afvica requirces

conamic strategies. Economic cyeles, finked with creation of” employment, should come into
iperation. But up ©w now, only few programs [or dissemination of renewable energy
echnology in Afiica were suslained bevond the period when they were pushed lrom outside. A
ositive example is (he sale of about 50,000 Salar Tlome Systems since 1990 in Kenya on a
wrely commercial basis, without linancial or fiscal support rom the government or a donor
gency (2) The main problems for economic success ol renewable energy systems are the low
nd rrepular incomes in rural Afiica (for example, only 5 % ol Tanzanians are employed with
regular salary), the low saving rate, and the high initial costs of renewable energy systems

Any economic concept should provide motivation for entrepreneurs pramising them some
rofit and challenge their competence in business. A revolving fund with fow interest rate for
cquiting the systems by the service enterprise will in most cases be necessary Repayment to
he revolving fund will provide the start-up capital tor further enterprises

Flicient introduction af renewable energy systems will depend on locally available
listribution services  For example, a secvice ‘light and  power’, bhased on photovoltaie
lechicity, can be distiibuted throngh rent. Renting has the advantage that evervbody can use
olar light because the renting costs will not exceed the running costs of a fossi) lied lighting
ystem (o be replaced For example, a petroleum lantern consumes on average 3 liters of
ettolemnm per month, which cost aboul US$ 2. The manthly repayment rale tor a solar lantern
hould there-lore not exceed this amount. To permit an eventnal purchase of a renewable
nergy system by the customer, a small eredit scheme should be developed

[nergy service enterprises in rural regions ol Afiica for rencwable enerpy svstems will be
conomically supported by increasing environmental pressures. Delorestation leads to rapidly
nereasing prices for lirewood and char coal. Deforestation in Africa is a manifeslation ol a
omplex syndrome, requiting coordinated cfforts by science, technology, forestry, education,
dntinistration and politics. Elements ol a coordinated strategy are: dissemination of luel saving
:ooking stoves. use ol biogas, widespread solar cooking and plantations for firewoud

Water, basically a renewable resource, will become increasingly scarce in most countrics ol
\ftica. ‘T'he availability of water per person will dramatically decline, falling below the limits Tor
yersonal use (drinking, cooking, washing) in some countries As water hecomes increasingly
carce, demand for waler treatment will increase and its economic impact will rise

Cowntry | 1990 ] 2025 |
Algeria 780 400
Morocco 1200 700
Tunisin 530 320
Kenvia 600 200
Somalhia JRISIS 20
Tanzania [ 2800 920

Availability of water (cubic meters per person and year) n the Maglieh and Tlastern Altica(3)
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3 Technology (or rural sevvice enterprises

Rural service enterprises (or renting. leasing or selling systems ol renewahle energies can
deal with PV systems Tor lighting, solar cookers (hox cookers, setlector caokers and collecton
cookers), biogas unils. systems Tor freatment of water, wind power and small hvdiopowes
plants

3.1 Photovoltaic lighting

Photovoltaie lighting has technically matured Tor portable lanterns. which shonld replace
petroleunm lanterns, and for Solar [ome Systems, which provide between 40 and 200 Waie of
clecitic power o a jwal household (1) Local eleciic giids based on photovoliaic powet
generation have been installed in Senegal, but they turned out (o be far foo costly and their
cconomic adninistration is difticult to manage within an Aftican rural community.(5)

About ten ditTerent types ol pottable solar lanterns exist on the world market (6) The
SOLUX fantern produced by Ludwig Balkow Systemtechnik Gmbl L Ottobrunn/Munich is of
this type (7) Since 1992, about 20 workshaps [or the assembly of SOLUX lanterns have been
installed in developing countries, extending from Brazil to Papua New Guinea Most of thesc
warkshops are located in Aftica associated to mission centers. More than 6000 lantems have
been produced Further reduction of costs can be expected [rom the use of a thin film module
and [tom a larger scale ol production

Solar Home Systems aie sold in large numbers. About 100,000 systems have been sold in
Fastern and Southern Aliica. Entire remate villages in Argentina zand Mexico have been fitted
with such systems. Technical, financial and social experiences from (hese rural electiilication
projects are well documented (8)

3.2 Solar cookers and biogas plants
Lach of the three principal lines of solar cookers: boxes, rellector. and collector cookers,

las both specilic advantapes and deliciencies as regands eMiciency, handling and costs (9)° On

the basis of present experiences and state of technology, none of these three lines should be

definitely preferred. Solar cooking is still advancing technically.™ For example i recent vears.

rellector cookers have been improved in the following direchons

s High performance. but resistant and tather low cost rellecting sheets were mtroduced. using
matetials (tom electric lamp constiuction

e Uhe construction of the support structure has heen simplitied

e The local point of the rellector has been enlarged to a wider focal area achieving & more
even heating ol the pot and posing less dangers for eves and skin than a nmrow focal poing

e The focal area has been placed within the reflecton’s volume envelope (“deep locus™) fu
linther reduction of dangers 1o eyes and skin and (or protection of the pot from wind

e The pot remains in a fixed position when the refllector is tured around the horizontal axis,
whichis needed for tracking, thus facilitating handling and improving sality

" Box cookers produced in African workshops cost between US$ 20 and 1185 50, depending
on the design and the prices of locally available materials. Rellector cookers, as for example
SKA2. costabout US$ 100 1 produced in Aliica Collector cookers cost hetween HES 600 and
USE 1500. These cookers are presently only suited for institutions as schools or hospitals

A comparaiive tesis o the fechnical performance of sofar cookers has been conducied m
1994 at the Platalorma Solar Alineria, Spain (10)
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e The fiegnency ol tracking has been reduced and (he correct positioning of the refiector is

facilitated

Several types of collector cookers with heat reservoir have been developed in recent years
One such system, developed at Aachen, Germany, uses a tlat plate collector and sowe
vegelable oif as heat carrier Heat can be stored by stones. This model has been (ested since
1992 in Chile. Columbia, India and Mali and is produced in Kerala, India since 1994
Production in Mali is prepared

Biogas plants have heen developed in Afiica, for example in Tanzania, on the basis of
Chinese designs from the end ol the *70s. About 1260 biogas units arc installed in Tanzania. In
ruwral regions ol Altica. biogas can replace alinost 100 %% of other energy sources (o the
households and between 40 % and 70 % of other energy sources to institutions. The deficit is
due (o the lack of sullicient digester leedstock. However. the present level ol use of biogas in
rural Afvica lacks far behind the initial goals of national programns

3.3 Water treatment: pumping, heating, distillation, disinfection
Waler treatment by renewable energies is a complex [icld. Some processes still require

engineering and rescarch. Wind power, photovoltaic electric power and solar thermal heating
by collectors or concentrators can be used for:

* Pumping by wind rotors, photevoltaic or solar thennal power,

* |lcating by solar thermal collectors,

* Pesalination ol sea waler and ol brackish water,

* - Disinlection by UV irradiation, UV-peroxide treatment and anodic oxidation
umping by wind power and a piston pump is an old and reliable technique, which has
lallen in disuse by the availability of diesel generators. The recent development ol highly
eflicient wind rotors should lead to a reconsideration of this technique

P

PV pumping ol drinking water for people and their livestock in naral areas is technically and
economically feasible [or hydraulic power in the range of S00-1000 m' Wark loads range
between those a hand operated pump and a small diesel punmip. Typically, on a sunny day, a PV
gencrator of 1.6 kKW can pump 30 m* of water fiom a depih of 30 m which is sufficient (o1
household purposes ol a village of abont 1200 inhabitants. PV pumping systems have attained
an availability up 1o 99%

Solar thermal pumps. driven by a solar collector ar a concentrator. are atlractive lor use in
developing countries, as production, maintenance and repair of almost every part of these
svstems is possible within developing countries (1)

Water heating by solar thermal collectors i a well known technology in Alvica. fliciency
and the reliability of <olar water heaters have been improved inrecent years. Testing units have
heen established at Aliican nniversities and focal workshops have been equipped tor assembly

Several processes tor solar desalination have been proposed based on distillation or on
separation by membranes: Sepatation by membranes includes reverse osmosis, electrodialysis.
micto-, ultia- and nano-lituation. However, a successful use by a service enterprise in rusal
Alvica demands the selection of technologies which ae very reliable and easy to maintain
Desalination can be most sunply achieved by a solar still, which provides daily about 3 liters off
distillate water per square meler of glass surlace. Solar stills require large surlaces and need
cleaning aud maintenance, which, taken together, may be the reason {or the disuse ol many
inslalled solar stills Maore sophisticated solar thermal distillation units provide about 35 liters
ol distitlate per square meter ol collector swiface. In such a system, the collector field heats the
brine up o 83°C, which is then evaporated on the surlace ol tissues placed in a large box. The



evaporation heat is reconered tor preheating the brine Prototvpes by ZAI Ravern are in
operation on the Canary fslands (Fuerteventura) since 1993 (12) The distillate can he used [or
drinkim can batteries. hvidrocultore, raising of fish, and potentially Tor medical purposes

A mabile disinfoction svstem hased on radiation with U light has been developed at the
Institute for Solin Encigy Fechnology at Kassel, Germany s UV light is generated by use of
a 300 Watt photovoltaic array 30 m™ of water can be disinfected per day providing clean water
for meals and for diinking for about 3000 persons (13) PV powered systems [or disinfection of
water by anodic oxidation have heen developed by several companmies (141)

4. Problems ol implementation of systems undeedocal conditions

Bevond educaion. traming and advice, the mplementation ol technical devices requires
intermediate striictures for local producion and development, maintenance, repair and spae
parts, recycling, as seell for administration, inancial control and evaluation of programs

4.1 Local production and sssembly
Anolien debated question is to what extenc sola sustems can o should be produced swithin
miral Africa Production which requites complex aid expensive machine tools, as s the
mtegration ol solar cells into a module, will in general only be possible in metropolitan areas
O the other hand, assembly of systems is possible even in remote areas, provided that the
system has heen especially designed and appropriate workshops are set up. including taining
of personnel The workshops built within the program of SOLUN photovoltaic lanteins o with
the SK 12 solar reflectar cooker program provide models fn other (vpes of systens
# Lheir design is specilically aimed for use i rural arcas ol tropical or sub-tiopical
developing countiies
* High tech” components are used when necessary, “low tech’ stiuciures are useil
whenever possible: Assembly and maintenance ol systems is possible in Afiica
» Workshops for assembly, sale. maintenance, repain and recyeling ol svstems are sel
up in rural arcas of Afvica
Comparison of photovoltaic Tanterns and of solar cookers shows. on the otlier hand. thal
the degree ot use ofimported high technology materials can widely difTer:
In photovoltaie Tanterns, high-tech materials make up for more tean 80 %5 of the costs the
photoveltaic module, rechargeable batteries, the tluorescent lamp, and clectronic parts
Presently, all parts of these famps are fabricated in Furope or Asia and a bansfer of
production of components to Afiica does nol appear teasible
For rellector cookers. the only components ol advanced technology are the retlecting
aluminum sheets which are coated by a galvanic process. This process s only made in
mdustialized countiies: But more than half of the costs ol ellector cookers arise from the
support sheture which can be produced cutirely incrural arcas of developing countrics from
locally available materials. A set ol appropriale (ools is necessary for bending, welding or
drilling nietal bars of the support structure
Salinr hox cookers need an absorbing metal sheet of aluminum, which is obtained fiee of
cost as a waste material from printing oflices. No other matertal [fom modern technology is
used The entire production can be done in developing countries

4.2 NMaintenance and recycling

'I|.. Voareey tole "‘“""l:“"' P L e .L...I.l oA 7S O iinsiiiiderstioad a5 lee of
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maintenance’ . Experience indicates that matntenance of renewable cnergy devices can be
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wsured in Alvican countries, but its propes execution depends on orgamzational inlrastructure
and fimding, As reports show, photovoltaic Solar Home Systems without proper maintenance
will break down, rather soaner than later (15) Water irealers are among the most simple solar
syslems, but 70 ", of the installed solar water heaters in the regions ol Arusha and Dar cs
Salaam, Tanzania are out of work (16) On the other hand, several reverse osmasis plants are
propaly tan and maintained in remotely located Tanzanian hospitals Tor the production of
infusion solntions These plants require trequent and carelul adjustment, and constant sunvey of
the quadity of water

Recveling must hecome an essential part of every program for renewable energies, in
patticutar for batteries and clectronic pasts of photovoltaic systems. Qld batteries should be
exchanged by new batieries supported by an incentive scheme NMore than 90 %% ol the paits ol
lead batteries can be reused in centralized industiial units

S, tegration ol venewable encrgy systems into the social lite of rural populations
Fhe integratinn ol new technical devices into (he social life ol a culture is sometimes only

regarded as a stiuggle against the stubboon adherence to old habits. ignorance or outright
superstition Evenworse, problems with integration are evoked when the proposed technology
is simply not matuve or nadeguate. But beyond all socio-cultural  considerations,  the
mlegration of renewable energy systems into the Afvican social life depends on answers to
thiee more mundane questions

= Are these systems wseful in the daity lile 10 large paits ol the popualation?

* Are the prices within the economic reach of those who wish to use the systems”

* DPoes a spread of these systems lead (o the creation of profitable enterprises in Africa

and (o employment at large numbers?

The task of integration, which is present with every newtechnology. is particularly
conspictious with solar cooking Next to the goal of curhing deforestation, solar cooking
intends o strengthen the part of women in Afliican sociely by relieving them {rom the
cconomic burden of expensive lire wood, which is increasingly difficult to procuie In addition.
sotar cooking holds the promise to be econamically rewarding aller a few months, as costs tor
lire wood make up from 10 % (o 50 %% of a rural Afvican househotd budget But atler o
decades with experiences in solar cooking, a sober general statement on its present status can
be made: While solar cooking works technically, projects for its production in Alnca and
introduction in Afican houscholds are only sustained as long as they are pushed rom outside

Introduction of salar cooking should focus on regions and circumstances where fire wood
has become rare and/or expensive, The problems of acceptance will probably be least there
Refugee camps are an example A foldable cooker, “Cookit’, was used in 1995 with remark-
able success in Kenyan refugee camps.(17) Women should be taught that new forests will have
a chance to grow only when solar cooking becomes a wide spread habit "T'he dissemination of
solar cookers and the growing ol fuel wood plantations are, therelore, not opposite but parallel
strategies. Solar cookers should he disseminated topether with improved cooking stoves and
Alrican women should decide by themselves which cooker will suit them best. The use of gas
cookers in Africa shows that women do accept a new technology for cooking owever, solar
coaking presents a stll higher step: cooking habits and recipes will somehow be modificd
Therctore, simply sclling solar cookers from a workshop will not assure their use  Solar
cooking must be trained. advised, and, (o some extent, propagated by "social marketing". A
compatalive field test of solar cookers, which is presently conducted in South Afiica, should
give further insight in the potential Toruse and for evential technical adaptations (1X)
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LOW PRICES OF ENERGY AND CONSTRAINTS TO RESEARCH , DEVELOPMENT
AND COMMERCIAL PROMOTION OF INNOVATIVE ENERGY SYSTENMS.
A CASE STUDY ¢ THIEE HEAT PIPE HEAT EXCHANGEIR.

G, Molinari - A ) Trojani
Universitd degli Studi di Roma Hla Supicnza’ - Dipartimento di Meccanica ¢d Acronautica
Via Ludossiana 18 - 00184 - Roma |, ltaly

I the present scenario of low-priced fossil fuels (Brent barrell is wnder 20 USS), thar iy
supposed 10 remain reasonably stable in the short-medinm period, resources for R & D and
commercial promotion of innovaiive energy svstems are undouhiedly reduced, alse with
govermmem imerventions. In this simmation, ‘inovative’ technologies remain - altough well-
proven « undeestated respect 10 the “classical” technolagies, well developed and optimized for
low energy prices, "'New' technaologies are then confined in niche applications where some of
their characiers, that often do not even wake in acconm their better “encrgy performance’, resuly
competitive with the ‘old’ ones. We here discuss an exemplary case study, the Heat Pipe Heat
Lxchanger, that altough well known from more than a century still has not the commercial
success i1s characreristics and perfarmances should expect.

I - Preniises.

We are today ina scenario of fow prices ol caer gy from Tossil fuels. Brent bareell is priced
under 20 USH and is predicted fo remain stable in the short-medium perind. We don’t think (hat
in this situation an investor, in a free tade environment, will spend resources 0 change the
current mix ol energy sources or o modity a well established model ol energy production.
Altough the power plants we all know were slightly and slowly improved in their performance
through the years, we still work ont almost the same basical schemes we had years ago.The state-
of-the-art energy technology is stilt basically linked Lo a low cnergy prices scenario, and new
technologies, altough well-proven and commercially available, are out of the mainstream markel
tollowing theie higher installation costs and o long payback periods. In this circumstances. new
energy technofogics are today mastly seen in niche applications. but very often not for (heir hest
‘energy elticiency’ but for reasons indipendent (rom this aspect.

Let us think, tor example . about the NIMBY (Not In My BackYard) and NIMTOO (Not
In My Term OF Olice) syndromes. To build a new power plntis today a very high political visk
[Ref. 1] even with the hest techuical, social and ccological postulates. Tiven the innocent and
incortupted  windlarms, cepitomes ol all that's green and clean, have ficree and resolute
oppositors, facing serious risks o birds, noise, landscape [Refl 2] and more. Encrgy companics
are still holding the line - literally - on aged power plants. (o mantain the siting and licensing
posilions conguered in the past, not fo secure power bul [vr using in perspective these positions
to build new plants or to reteofit or repower the old plants themselves.



We will now discuss a case stady, on o well-known and well proven innovative encrgy
technology, that in a scenario of Jow energy prices is closed i niche applications: the Heat Pipe
Heat Exchanger (HIPHX).

2 -he Heat Pipe (HHP) and the Heat Vipe Heat Exchanger (1IPIX) .

Amongst the energy-eftfective and innovative technolopices developed in these decades, we
must give prominent place to the technigques of heat transfer enhancement, which can seenre very
high cnergy savings. Reducing, for example, (he size. o a heat exchianger (for i specified heat
flux), upgrading s performance or reducing the operative lemperature diflerence hetween
external Mows does™nt mean only eacrgy savings bat - especialiy in (his Tow price cnergy scenatio
- cconomy in o valuable materials, .snl(lllcr and cheaper cquipment, more added value (or the
contractor, Jess environmental impact. dess shipping, bindling and assembly  costs. Many
advancad heat iransfer enhancement methads and technologics are available {Refl. 3] and amaong
which TIPs show o very  inferesting combination of semiplicity,  high innovauve  grade,
performance, cconanticity, eelinbitity and casy lechnofogical accesibility.

The HIP s a well-known and well-proven class of devices [Refs. 4.9), consisting of
scaled, evacuated cavities filled with a saall guantity of working fluid that evaporates from one
end at the application of an extemal heat Qux and condensates on the other end, giving hack the
heat received. To restore the process. the condensed warking (loid must be returned o the
cvaporator with the help of a foree Tield. TIPS can be classilied in theiv simplest conligurations
following the genesis of the Torces acting 1o return the condensate o the evaporator. Mast
interest is centred on gravity, capillary and centrifugally-driven HPs, i.e. respectively the so-called
iwo-phase thermosyphon, the capillary TP and (e rotating HP. More complex schemes were
also studied and technically demonstrated asing, Tor example, osmatic and electromagnetic
forces. This variety of possible and robustly Tunctional conligirations is the ‘original sin® that
excludes - even for the basical configurations here quoted - the possibility o defining — an
universal, sell contained wathematical moded For this ¢lass of devices. 1Ps are extremely simple,
do not have moving pacts inside, ace noiseless, highly reliable and sturdy, do not require energy
or thewr operation, allowing, with a little cagineering comman-copse, thelr uses in extreincty
ditficult environments. HP are chacacterized by very high (equivalent) thermal conductance in
comparision with solid materials, nearly isothermal operation, the capability to Tunction as active
thermal diodes or switches, allowing them 1o active thermal field control. On the other hand, the
sharp huilding semplicity and cconomicity of these devices allows the enginees Lo Lest extensively
many prototypes derivated from a simplificd calculation record, creating a broad perfonnance
charting for the chosen conliguration, for a wide amplitude ol external paramcters. The
temperature ficlds within the TP devices can operate range from about 4K (liquid He) 0 2000K
and morse (liquid metals fike A or Hg and ceramic-carbon envelopes), their length from some
nmillimeters o some tens of meters . Configuration of I s then strictly Jaced 1o the specitic
application,

HPs are known in their basical conligurations (two-phase thermosyphon) from the past
century. Quoting the UK Patent 22,272 Hled in 1892 [rom the bailee builder Todlow Porking,
HPs ‘may be used for a variety of purposes anong which are mentioned the heating of
greenhouses, rooms, vehicles, drying-closets, and the like, the warming of the currents of
volumes of air or water or other liquids conmained in pipes, tanks, columns, such as warer
cranes (1o prevent freciing) and the warming or heating of inflammable substances . Nothing
loes than th sfications wo see today in every reference list: we tiled more than four hundred
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separate applications of TIPs in the most unthinkable arcas, from cryostabilization of soils to
roast-heef cooking, from nuclear fusion Lo toys, 'rom heat recovery (o thermoacrodynamics.

Today , the arcas of commercial standout of TP devices are in the field of heal recovery
from flue pases, specially in the HVAC field, and in clectrical and electronic systems thermal field
control, with expanding interest in cryostahilization (the most extensive single HP application
cver was the cryostabilization of the pillars of the Alyeskapipe, in the Seventies) and in evacuated
solar thermal collectors.

In the gas-to-gas HPHX. TP evaporation sections are immersed in the exhaust hot-gas
duct and condensers are located inside the cool-gas duct; in a gas-lo-gas air prehcater for a
medium-sized steam generator we can see several thousand single THPs. A scaled  partition
prevents drastically every cross-contamination between the flows, and are excellent solutions in
circulating Nuidized bed hoilers. where near-zero leakage between the fluxes is compulsory, and
in coal-fircd boilers where elimination of cross-contamination from ashes is highly appreciated.
Recent laws and standards on air pollution impose also a review in the use of regencerative air
preheaters, creating maore attention on HPHX. Gas-liquid or liquid-liquid HPHX and HP
recavery hoilers were buill, too. 'This system is characterized by an extremely high modularity,
since cach HP is completely independent from each other, consenting the widest range of sizes,
lrom small subwindow sized HVAC units o industrial boiler or furnace air preheaters.In the last
case, the HPHX is cheaper and more cost-cllective than tubular or rotating exchangers, as
demonstrated from the Eighties [Refs. 6.7] in many ficld cxperiences in plants Jocated in the US,
Japan and Europe, both as substitutes (o rotary regeberative air preheaters and as supplemientary
units to existing  rotary o get mose outlet gas emperature lowering. and even from the late
Sixties in hydrocarbon processing  plants. Because  of its modularity, it can he  shipped
cconomically from the factory in @ numher of small modules, not requiring  customized
trasportation units, and can he assembled with very few problems once at the plant, cutting
dramatically the refated costs. Consisting of single, scaled, indipendent units (a failure of one or
more 1Ps don’t stop the plant as can happen with a coupled cwil). the TIPHX is extremely
reliable and can be ultilized in planis operating in difficult environments with lite servicing.
[Rels.R,9,10]

Retrofitting and repowering ol aged power plants, with sonie attention to the ones of fow
power (i.c. on the 30 MWeaaie class) is a practice progressively taking step in many countrics,
Lo lace improved clecteical power request without creating new plant sites. Aged plants are often
mantained only to hotd the line on siting and licensing, avoiding with their transformation all the
operations connected with a new plant erection, altough their poor cconomical and technical
performance. For these applications HPIEXs as air preheaters meet a niche for its utilization, even
in a depressed oil market quotation. THPHX are generally more compact than other heat
exchangers (about a fourth ol a same class tahular, hut still higger than regenerative); high global
heat transfer coelTicients allows HPHXs o work at lower gas velocitics, reducing pressure drops.
noise and power abhsorption from fans. Fouling and corrosion result more manageable, because
the HPHX is a statical exchanger with single HPs working nearly-isothermal, and spacing
between rows is relatevely higher than in othier heat exchangers. Recent studies open interesting
perspectives for the regulation capahilities of 1IPHX; adopting Variable Conductance 1P or
Thermal Switch configurations, an HPHX performance can be widely adapted to variable load,
modilying its thermal characteristics or excluding at all a partol the FIP rows.

Altough the 1P do not inllucnce dircetly on the most important cause of excrgy
destruction and loss. i.c. the boundary layer, the engineer can optimize almost indipendentely the
thermophysical characteristics o cach side of the heat exchanger itsell, with thermotechnical
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optimum giving benelils alsa on the exergetic plobal performance. "Taking i account the nearly-
isothermal behavioue of the HP devices, and assuming the exergy desuruction proportional fo (he
temperature difference between the external fluxes, referring (o the comparison o contending
lypes o heat exchangers, we can say that regenerative types have no contest against THHXs, as
du tubular heat exchangers while plate: heat exchangers show a dittde temperature drop, but their
Touling problems could make the grade to HPHXs.

3 - Economics of Heut Recovery
As known, the efliciency of a sleam generator can he wrilten as;

Zq q kg +q
P S Pt s
1M,=1- =1- —re (1)
* (NI Gt
(S (S|

where Ge and H; are the fucl hourly consumption and (the fower heating value and Xq, is the sum
ol the varinus cnergy losses, respectively the imperlect combnstiondmpertect insulation and for
sensible head.

Jsuall v pe > Qpet G - More evident for little ste: STVRIGIOS
Usually (e > Upet (g, more evident for Titte steam gencrat
W have in eflect:

A 028 - 05 =y ()

where lower value of x relees o small steam pencrators (which show higher gas outlet
femperature) and the higher o the Targe ones.
Thus the Fq. (1) becomes:

L+ )q .
n, = 1= S___'x_)ll_ (3)
G

Being sensible heat loss expressed by the (ormula:
q, = Gl,l i+eG, ]C‘m (’I‘g" —'l't) (4)

in which G,, is the thearetical combustion air [kp/kg], e is the excess air ligure, Ty, is the outlet
gas iemperature, Teis the outside temperature and ¢, it the mean value ol the specilic heat in the
Ty +Te range. Eq. (3) putting ‘=1 1y becomes:

Mo =|-%x’|1+ec‘.;[]cm('rm,-T,) 5)

and by dilferentiation with vespect to the outlet temperature:
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Eq. (6) gives the gain in steam generalor overall efficiency as a function of the gas
cmperature reduction at the outlel.
On the other hand, [rom the encrgy overall halance of the steam gencrator:

160G =G A (7)
vy differentiation with constant rating condition the following relation can be carricd out:

dngG, + 16dG, =0 )
nd then
ding _ _ dG, o
Na G,

Combining Eqy.s (6) and (9) we abtain the cxpression of the relative fuel saving duc (o the
rain in cfliciency as an effect of Ty, reduction:

£ = ___fx'[1+ctl‘ AT, (10)

Looking at the whole range of steam rating, the only appreciable diflerence between a
large stcam gencrator and a small one in casc of a given fuel can be scen in the 1 values;
referring Lo tuel oil as example, with H; =40000 [kJ/kg], assuming 11¢ = 0.80 and 0.93 for the
smallest and Jargest ratings respectively, and neglecting the variation of ¢, duc o the (little)
dilferent temperalure range, Eg. (10) by integration gives:

AG

LI
c

< = (0.00067 + 000070 A'l, (L)

This means a fuel saving of 0.67+0.7Q % lor cach 10°C of decrcase of Ty For stcam
ratings of 1000 t/h (G.=65 t/h) and 0 /h (G.=0.7 /h) fuel savings of 0.455 t/h and 0.0047 Uh
can be achieved, respectively. It means a saving in cnergy consumption of 5055 kW and 52 kW,
respectively.

This Tucl saving corresponds to three oil barrells approximately in the first case and to
0,032 oil barrells in the sceond one, i.c. 54 US$/h and 0,57 US$/h respectively, al mid-April 1997
0il prices.

Since the current cost of an HPHX can be evaluated in ~45 US$ per thermal kW
recovered, the total investment cost amounts to 227,475 US$ in the (irst casc and 2,340 US$ in
he second one. 1t appears that the only capital cost could be paid in one ycar approximately, in
both cases.
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Kit designing and assemibling of solar energy plants
by people with different abilities

M.Bozzetti, A Nicangeli, R Randy, L. Fantilh

University of Rome “l.a Sapienza”
CIRPS - Interuniversity Rescarch Centre on Developing Countries
LLLTEC. - Independent Life Technologies

ISES-Italia - International Solar Lncrgy Society-Italian branch

Introduction

Italy is among those countries which in the past years have recognized the importance
of new and renewable energy sources, and have invested financtal and scientific resources
to improve and promote the utilization of ecologically “clean”™ energy systems
Even if some positive results have been achieved, much still remains to be done o reach
the important goal of a full exploitation of the entite potential of new and renewable
encrgy sources which is particularly refevant in our Country as well as in maay
Developing Countries (DCs)

This work concern the design and construction of a solar thermal plant producing hot
water for domestic usé. Although plants of the same kind are well known, this one has
been conceived keeping in mind the special feature that it had to be assembled by people
with mental and/or motor disabilities. Tt was successfully carried out in Rome. Italy in
1996 '

The application of a similar methodology in our own country as well as in DCs, could
lead to the production and commercialization of a “solar plant assembly kit™ that could
represent an opportunity for the disabled to be employed in newly created micro
enterprises so that they can perceive themselves as an aclive part of sociely instead of
being maintained on welfare. By doing so, two important objectives will be achieved: to
create new jobs for the disabled and spreading this energy saving, cfticient and
environmentally clean technology

Neceds

The plant was designed to meet the needs for hot water of an already existing
“assistance home™ The number ol residents in the home is variable, with an average
number of 18 people (adults and children) The greatest need for hot water is concentrated
in the morning lor showers and dish-washing and again after lunch and in the late
atternoon. This type ot utilization is particularly suited tor a solar thermal plant because
the greatest need ol hel water is concentrated in those hours of the day in which the sun’s
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radiaton s at is highest level The daily requirements for het water was estimated at 850

Ineis

Plant Design

Ihe constinetive and operational simplicity ol a solar plant permils its constiuction by
handicraltsmen, without engaging sophisticated and expensive equipment and machine
wols

The plant design has heen conceived 10 meet the necessity of using a “do-it-yourself”’
method that would pernt the [ull atilizaton of the residual abilittes of the disabled
operators wha would be carrymg out the plant

For the same concept of “do-it-yoursell™ also the conditions “easy to be found™ and
‘commercradly avatlabie”™ were tmposed For the matenials (o be utidized

The plant was assembled in a mechaneal workshop by persons with a mental and/or
mator disability, vnder the goidance of instructors experienced in dealing with disabled
people

The workshop did not have sophisticated equipment or peisonnel specialized in the
butlding of solar plants They had never built a solar plant since then For this reason,
paricular attention was given in the designing phase 10 adapt all the building and
assembling procedures to the abilities of the disabled who would be installing the plant
{with the help of the instructors) In this sense it is appropriate o talk about a “do-it-

voursel!™ method throngh utlization of “poor technology™
The tools and the machines necessary for constru ction had o be the ones usually employed

in the vworkshop

In order to enable disabled persons to sawadly assemble the plant, particutar attention

was given to

a) the dimensions of cach part;
h) the matenals utihzed (non-toxie),
¢) special Kits for bolts and dies;

d) ching m " which can improve o o,
e) avoidance of mechanical operations which would present risks for the operators,

such as clectrical welding and the utilization of portable milling cutters and drills

At the same time the double objective (technical and functional) of the plant was kept in

mind

carry out o durable and etficient plant having charactenistics comparable 1o a similar
commercial product,

maximize the contribution made by the disabled operators through a building and
assembly process which would give a didactic value to Occupational Therapy, and could
be easily reproduced in other workshops.

Inany case, the choices made, were aimed at good quality production
In constderation of what has been described above, the following decistons were taken

Acquisition of steel plates already bent for the box because of the lack of a proper bending
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It was preferable o increase the number of bolt junctions for joining the supporting
structure elements, a familiar operation for the operators, and decrease as much as possible
the number of weldings, the last being an operation that could be hardly done by the
disabled, and a dangerous one;

respect [or the environment and in particular for the health of the operators imposed the
utilization of non-toxic products Lor the varnishing process of the supporting structure,

the transparent cover in polvcarbonate would give the possibility o the operators o carry
out the final assembly without the risks that ulass presents

The catching element (1-Fig.1):
is formed by 12 1ectangular tubes of galvanized steel closed at the extremities by bottoms
of the same material, welded and provided with threaded holes for the installation
connectors to the pipeline The tubes are connected between themselves and to the
collectors with polycthylene tubes and tapered pipe connections. The total catching surface
is about 12 6 square meters

lig !

Insufating stratum(2-Iig.1):
Is formed by polyurethane plates and has the basic function for good plant elficiency of
insulation from the outside environment and to prevent undesired heat escapes
The same material with the same function goes all around the perimeter of the “box™
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The top suttace of the polyurethane plate is covered, before installing the tubes, with a
film of aluminium for domestic use The purposc of this film is lo increase the efficiency
ol the system. reflecting the solar radiation within the box and avoiding the heating of the

underlying polyurethane

Transparent stratum of polycarbonate (3-Fig. 1):
Has the function of protecting the catching elements from atmospheric agents and of
contiibuting to their heating by determining a “greenhouse effect” inside the box
The reason for using polycarbonate instead of glass is because the need to be not
breakable, in order to be not dangerous handled by mental disabled [ts transparency
coetlicient is almost the same of glass and the optical properties are guaranteed to last for

ien years ai feast

Prepainted phosphatized steel sheet hox (4-Fig.1):

Gives shelter 1o the whole panel protecting it from atmospheric agents and preventing
heat escapes towards the environment. All the junctions of this element are sealed with
silicone paste

Supporting structure
The panel, completed with all its elements, is supported by a structure, made by "I

corners  of sweet steel appropriately cut and screwed together

ASNEMBLY & BUH.DING PHANES

- Cutting of the longerons

The construction began with the cutting of the longerons that represent part of the
supporting structure

Under the yuidance of the instructors, the disabled operators personally maneuvered the
cropper. In this phase they took turns in maneuvering the machine tool with interest and
satisfaction

- Drilling of the longerons and milling of the holes

This work is normally carried out by the use of a column dill which, being a desk
instrument, 1s not dangerous, Iaving positioned the piece with the help of the instructors,
the operations were personally executed by the disabled operators

Screw threading of the tubulars
The operation is m no way dangerous In spite of the fact that the small manual thieading
machine required considerable ability, it was learned by the disabled operators with the
guidance of the instructors The threading of the hydraulic tubes instead, during the
following phase of installation of the panels, was carried out by the operators using a
standing threading machine, which was much easier to operate

- Curting of the pancels of insulating material (polyurethane)

The operators did not found great difficulty in shaping the pancls in the required
dimensions with the help of a simple rasping file and a knife
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- Final assembling of the elements and varnishing

In this task the operators found no difficulty at all, and the benefit to their own personality
in terms of ability, communication an co-ordination were certified by their doctors and
rehabilitation therapists

- Welding of the supporting structure

The frame rests on the floor with four (triangular) supports that give the structure an
inclination corresponding approximately to the local latitude Each triangle is made of the
union of three parts of longeron. For simplicity and rapidity of construction welded

junctions were used. This operation was entirely executed by the instiuctors, for the reason

mentioned above.

Great satisfaction was experienced by the disabled operators upon completion of this
project which they, themselves had carried out

Supporting Structure
The supporting structure of the solar collectors realized with mild steel cut to a “L™ form
S0 mm x 50 mm, was designed with relercnce to the construction techniques selected for
the disabled operators

The workings utilized during the construction of the supporting structure of the box and
of the pipes for the connecting system between the panels and the user circuit, where
chosen from the most sale ones

The equipment and the machines present in the workshop where fully utilized without
purchasing new ones

Few machines that where actually used are listed below
a cropper for metals;

sensitive column drilling machine;

portable drilling machine (operated by the instructors)

Particular attention was paid to avoid the utilization of electrical non desk machines that
could be source ol danger [or the operators

In the same way other operators leamned to use thieading die and they had the
possibility 1o increase their manual ability, utilizing, for this activity monkey wrench,
blades for cutting the polyurethane, brush lor painting the structure

The operations of preparing the bolts and washers, their installation and screwing,
represent important excrcises of eye-hand coordination for the disabled.

Great attention has also been paid in the sensitization of operators and instructors to the
constant respect ol the norms for the accidents prevention (for example: utilization of
gloves and eye glasses for working use)

Considering the apprenticeship function that this working methodology had, the timing

of workings and of the training lessons was programmed to be done in series in order to
give, to all the disabled operators, the opportunity to assist and participate to every. event
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The supporting suucture of the solar collector has a rectangular foom with one side off
om (base) and the other of ITm, and is fixed on four teiangular supports, that have
supporting function and permit to position the surface of the collector towards the sun al
the chosen inclination of 43¢

Once procured all the materials and set up the machine tools, the construction of the
structure begins with the marking of the sections for cutting down the parts according 10
the design

In this task the disabled operators famihanzed with using the tacing point and the
squate

I'he movimentation of the parts i executed by both the disabled operators and by the
insteuctons weining protective gloves

Puring the diilling operations the insiaetor must follow both the operator that uses the
dritl and the operatar that rtemoves the chips and mbrificates the parts for the control of the
heat produced by fction

Ihe following special table (table 0’ 1) was studied and used to choose, the materials,
the paits, the utensils, and everything that was needed for the correct and safe execution of

the project

Conclusions

The first measurements of the main phvsical parsuncters we took “on the field™ proved that
the etliciency ol a solr thermad plant budt the sway we did 1s comparable with that of
similar commercially available products, but more remarkably we could ascertain how the
application ol a new activity presented to the disabled operators so to male them feel
acquainted and protagonists, has raised m theny grear mterest Al this caused a surprisiog
increase of attention in the exceution of manual opetations of greater diligence

With the necessiny assistance, it was possible (o tench some of the operators sonie
complex operations such as the use of column Jrill and of the cotting machine, explaining
in detail which operations o evecirte and o hat oreder

Such experience could he repeated ina Tgper scale and & micro-enterprise of this Kind
be setup T case it had o e done ina developing country, the “do-it-yourself™ appnoach
allows the plants desipn (o he adapted to the Tocal reality by nsing Tocally avaitable  low
costmalterialy

AL this will Jead © the ereation of new jobs and income in the world’s regions on both
small and farge scale Fechnology tor the utilizaton of renewable encigy sources although
convenient provides more work than the conventional and centralized ones For this reason
it could help to salve problems of unemployment and re-tnsertion ol people whit different
ability, and other diop out people
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ADVANCED RECEIVER FOR DIRECT SOLAR STEAM PRODUCTION IN
PARABOLIC TROUGH SOI.AR POWER PLANTS (ARDISS PROJECT) - MAIN
RESULTS.

Alfio Galata
Fabrizio Sperduto
Conphoebus s.c r.l. - Zona Industriale, Passo Martino 95030 Catania Fax. -39 95 291246

ABSTRACT

ARDISS project financed by EU within the frame of Joule il programme has developed an

Advanced Receiver for DISS (Direct Solar Steam) production in parabolic trough solar power

plants. DISS system implementation, probably, is the most promising technology to promote

and to speed up the commercialisation of the SEGS (Solar Eiectiic Generation System)

plants.

The project was carried out by: CIEMAT-Spain (co-ordinator), CONPHOEBUS-Italy; INETI-

Portugal, ZSW-Stuttgart.

Within this project, the partners analysed the technical options of the DISS process and

developed a receiver prototype accomplishing the requirements of the DISS process

To fulfil the above aims, soime relevant power plant's components, developed in the last

years, have been integrated in the Second Stage Concentrator (SSC) receiver.

Main tasks perforied have heen:

e Design, construction and testing of the Second Stage Concentrator Receiver;

» Theoretical and experimental studies on Direct Steam (GGeneration;

» SEGS plants Simulations to allow an assessment of the solar driver electricity production
systems applying the DISS concept;

e DSG-SCEGS benefits versus alieady consolidated Oil-SEGS power plant.

This  paper will show results and new SSC's performances. Furlher unexpecled

improvements have been achieved on mass flow range in the DSG process, demonstrating

large potential of application to solar fields for electricity production with paraboiic troughs.

1. Solar field description

The most important element of a SEGS (Solar Electric Generation System) power plant
based on parabolic troughs is the Solar Field (SF). It can be ideally divided in sub fields in
which several parabolic lroughs are arranged and linked using standard typologies of
distribution pipes and connections (mainly: serial, parallel, direct and indirect return).
Parabolic troughs are assembled using lwo elements: parabolic mirrors (the concentrator)
and absorbers. Fach SF's suh field is buill up of several concentrators lines named solar field
rows. Since parabolic troughs rolales above one axis, the most common SF's orientation is
given by: South-North or East-West rotation axis. Depending on the type of fluid flowing
trough the absorber, SEGS plants are classified as: Oil system and Water-Steam or DSG
(Direct Steam Generation) systems. While Oil systems plants are already in service (south of
California, USA), up to now no DSG-SEGS power plants have been built.

2. DSG vs. oil systems

Oil systems SEGS are built of two separate thermal circuils. Ihe first one uses oil as HTF
(Heat Transfer Fluid), the second one water/steam.

By imean of a series of heal exchangers (preheating. boiling and superhealing exchangers),
cil transfers thermal power to the waler which operates the Rankine thermal cycle. Generally,
to overcame low solar beam radiation conditions on SF, all ol SEGS are equipped with a
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backup system, (natural gas or fossil oil fired) to guarantee electric production whatever
weather conditions occur.

DSG systems use only one HTF circuit and implement Rankine cycle directly within the SF.
Since no heat exchanger exists, generally fixed piant cost decreases and global SEGS plant
efficiency increases. To get steam directly from the SF, is not a straightforward task, and
many thermal parameters must be taken into account to avoid bad water flowing conditions
inside the SF. Bad flowing conditions generally occur within that absorber's section in which
boiling occurs, and to achieve high convective heat transfer coefficient the annular flow must
be guarantee.

Thanks to a wide experimental phase, ZSW (D) was able to define the minimum mass flow
density [kg/(smz)] values which must be guarantee to avoid bad flowing condition as bubbles
or stratified flow. improvements to absorber design has been carried on by Ineti (P) and
Ciemat (E) which introduced also a study on the SSC (Second Stage Concentrator).

3. Absorberimprovements: SSC concentrator

i St et -0 Absorber has ~been improved - and

4 implemented in the SSC receiver. The final

design version is shown in the figure above.

SSC receiver is a mean to increase

concentration ratio avoiding large decrease

in the collector optical efficiency. It consists
of a shaped mirror inserted in a glass jacket
that redirect solar radiation sent by the

primary reflector (primary concentrator) to a

smaller absorber. The studies on SSC can

be summarize in the following steps:

« Optical behaviour: Shaping and fixation of
the mirror to be inserted in a fong glass
tube; mirror durability, as its working
temperature can be over 200°C, and
reflectivity; absorber and glass coatings;

e Thermal behaviour: Heat losses, stresses
in the glass jacket;

e Behaviour in the sun: Non homogeneous

" A 2 e 1 2 ) 1 illumination, collector movement,

= mounting and fixation in the collector.

Glass jackel

SSC DESIGN

4. Ardiss solar field and Power block design

In addition to DSG and SSC studies, the aim of the Ardiss project was to design a SEGS
plant implementing both DSG and SSC techniques. To predict long term electricity
production it was necessary to define a special solar field named “Ardiss solar field” coupled
to the Power Block (PB). Bolh Ardiss SF and PB needed to be sized. ZSW defined the
Ardiss SF and PB sizes referiing to a 300/160 [MWt] as the maximum and minimum power
yielded to the fluid (water/steam). The SF layout is shown in the figure below.
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ARDISS SOLAR FIELD TYPE

To avoid bad flowing conditions, the Ardiss SF must operate at the minimum mass flow rate
of M min = 0.166 [ka/s/row], or, since the internal diameter of the absorber is given by $;=34.1
(mm], at the minimum mass flow density M gen.min =0.166/(n;/4) = 182 [kg/smzl.

When tou low solar beam radiation occurs and the M 4, is less than M gen.min. the SF cannot
operate and must be considered under stancl-by conditions. At nominal working condition,
that is at 300 [MW,], design mass flow is given by: m 4.5 = 0.662 [kg/s/row] so maximum mass
flow ie about four times the minimum one. Wilhin Lhe mass flow ranges, it was also
recognised the necessity to operate the SF at different levels of inlet/outiet boundary
conditions.

Taking into account different ieveis of solar thermal loads on the SF, it is possible to define
the partial load (PL) variable and the corresponding boundary conditions of the SF as
specified in the table below.

eleclric load (Rank. net) [[%)] 100 09 79 68 57 46 36 26 16
thermal load %] 100 90 80 70 60 50 40 30 20
sofar field: heat to fluid |[MWth] 300 270 240 210 180 150 120 90 608
hp-steam temperature  |[°C) 450 443 435 425 412 400 390 373 350
hp-steam pressure [bar] 100 90 80 70 60 50 45 45 A5
hp-stearn fGow rate [kg/s) 1449 1287 1129 974 82.4 67.5 53.4 403 27.1
reheat temperature (°C] 350 340 327 313 296 275 267 276 279
reheat pressure (bar] 13.0 1.7 10.4 92 79 6.6 5.3 3.9 2.6
condenser pressure | bar} 0.08 008 0.06 0.08 0.08 0.08 008 0.08 0.04
oullet steam quality (-] 0.90 0.90 0.90 0.90 090 0.90 091 0.93 0.94
feedwater temperature  [{°C] 268 262 265 247 238 227 219 212 204
|leedwaler pressure Ibar] 100 91 a2 73 63 54 50 51 624
electric output gross [MWe] 118.3  105.9 92.7 795 665 53.8 415 296 189
electric output net [MWe} 1136 1016 89.4 7.1 64.7 526 40.7 290 17.9
efficiency, gross [%]) 3973 3923 3860 3786 3694 3588 3462 3288 3044
efficiency, Rankine, net |[%] 37.86 3762 3723 36.70 3596 35.07 . 33.94 3227 239(

SOLAR FIELD AND POWER BLCCK CPERATING CONDITIONS

Ealh ve

As one can see, when solar field operates under PL conditions, ( 90%,80%,...20%)
water/steam pressure decreases accordingly. Such kind of process has been named “sliding
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pressure”. Table above has been built running power plant standard simulation code
referring to the layout shown below and changing thermal toad coming from solar field
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7%".5 ;;:’73 AMehontasPump
i aalEe | s
Rl
R i ..#%1»!10. .m:_lﬁu
e ] o .
e —
§| 43{m B
T
= 11 . 1) 1
12200 | 190,60 |h A]_
L ! 7';%[3?53 homs
'r ) ‘r:%_ . lggl 'gﬁ e =
FraaWalniPump
_ oeian
Yt s
E 8|
.

Ly

owm | an
'I_:_
5
T
e Lll—' —
R L Ltz
:?__ |_D,:.g CoolWalsrPump
_s_m_g* - ’_5@-‘!. s M) ez
POWER BLOCK LAYOUT

When intermediate PL values occur, needed variables values (i.e. mass flow) are calculated
by linear interpolation using the above table
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5.  DSG simulation software

In the frame of Ardiss Project, Conphoebus developed a simulation code to compute long
term electricity production. It runs in Windows operating system and has been developed in
C++ and Fortran 77 programming language.
Using this code the user is asked to design the SF layout. Such a task is not a simple
procedure and generally requires some trials before the best SF layout is selected. When
DSG technique is taken into account, some software tools need to be used (FLOWPAT,
POWEROUT, DELTAP.. etlc.).
To design the Ardiss SF type layout the following procedure was adopted.

[ roenss CHoucepl {t-\rme.-lhroug_;ﬁ_ lee_irculmfon. inientionp —l
-Parl Load Rngs (e, § > I, > 35%)
h] - Cojicantralor (aparfure, iangih, SSC. Lilt}

| Mumber of Rows and Sublields

[ Mominat Fieid power (. Mwwa) |
: |

ki 0 el G o e e i S e o st
[ Mirtinnurn and Maxiinuin Mass Flow Densilies ‘!
g

(Program: FLCBARPAT
i

[Langth of Row (Pragram: POWEROUT)!

‘ 1

Tressure Urop -t high . 1e-delinition

{Program
DELTARY
e

4 low

e aenniicn ¢ nag
Conirolabiity
~{Pragram
086G)
?
i aood
Solar Field 1
SF: PROCEDURE OF DESIGN
Ingxul power from solar radiation ==> SOLAR FIELD
[ CONCENMTRATOR
e MODULE e
Input power (rom solar collector ==> SOI.AR FIELLD
] ABSORBER
MOBULE

This procedure is essentially
based on evaluation of pressure
drop evaluation and controllability
of DSG process.

When Sk has been sized, it s
possible to run  simulation
program whose software
structure is  shown  below.
Simulation time step can be
selected ranging between 1x3600
[s], sun tracking type can be
choose between {wo options:
E-W and S-N, meteo file (beam
radiation and air temperature)
can be selecled as well.

Software is built up of many
simulation modules.

In the following figure a scheme
of simulation code is shown. As
one can see each module
receives, as input, power from the
previous mudule and caloulates
power for the next one.

==> Oulput power lo the absorber
@

==> Oulput power to lhe warking fluid
@ (net power lo the fluid)



Input power from from fluid ==> SOLAR FILED ==> Calcufation of additional powel to fivid net
@' BACKUP ar power to fluid lo guarantee minimum
(this module schedule on user request) SYSTEM | requited parl Inad
input power from wotking fluid ==> SOLAR FIELD ==> Qulpul powei to the warking fluid
Q PIPE LOSSES @ (nel)
| Mopue |
Input power from working fluid === POWER BLOCK ==> Nel eleclric oulput
@ TURBINE 6]
| MoDute |
Input power from PB ==> SOLAR FIELD ==> Output electric power (net) Mw,
@ PARASITIC (]
MODULE
Energy and Power dala from modules OUTPUT DATA ==> Store data on hard disk
==»>| MEAN MONTHLY DATA
Q REPORT MODULE
Energy and Power dala from modules | EXCEL QUTPUT DATA | === Store data on harddiskin ASCI file formal
==>| TIME STEP BY TIME
®| STEP OUTPUT DATA
___MODUE

SIMULATION SOFTWARE SCHEME

Up to now, as already shown, the program deals with a 300/160 [MWt] PB. Anyway, it is
possible to change it (with a very litlle programming effort) and than to run simulation of
smaller/larger PB or with different thermal characteristics (i.e. different SF boundary
conditions).

At each simulation time step boundary conditions of the SF and the electric output power
depends on PL, on the other hand, at each simulation time step PL is unknown. To define PL
values (ranging as shown within 20%=~100%) the software provides an iterative procedure
which stops when “Calculated power to fluid® (by the software) equates “Heat to fluid” (see
table "SOLAR FIELD AND POWER BLOCK OPERATING CONDITIONS™).

Since the above iterative procedure repeats on each simulation time step (1,2..3600 [s] over
one year for example) high execution time may be expected for a year simulation (execution
time depends also on site latitude, beam radiation values, minimum mass flow rate flowing
inside one rows, part load range etc.).

6,  Simulation results

What follows refers to two simulation examples. They refer to an Ardiss SF type (as shown
above) and to 300=160 [MW,] PB. Other useful information are;

e Absorber diameters: d,/d; = 48.3/34.1 mm.
For the calculation the following assumptions were made;

e design point:  normal direct beam irradiance of |, = 800 W/m? on the aperture
field inlet conditions; p = 119 bar, T = 250°C
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steam conditions at the turbine: p = 100 bar, T = 450°C
design mass flow m = 0.662 kg/s/row

horizontal collectors in the solar field

minimum mass flow M i, = 0.166 kg/s/row

inner diameter of all pipes outside the solar field d; = 0.2556 m
the friction coefficients for the pipes were determined from measurements by ZSW:

£ = 0.0916.Re 01174

measurements by ZSW:

R=20513.p "7,

Boundary conditions of the SF are shown below.

Absorber boundary conditions
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for the friction multiplier for the two-phase flow a new correlation was derived from the

Solar  field boundary
conditions corresponding
to different part load.
These conditions are
applied every day along
the overall simulation
period. PL can vary
continuously in the range

20%~100% and,
accordingly to this
variation, input and output
temperatures and fluid

pressure vary as well. The
following graphs show
relations between PL, net
elecliic. PB oulpul and
total mass flow entering

FOWEN YO FLUAD. WASS FLOWAND FANY LOAD COHDITIOH
ARENOEILLO HUELVA BITE (Bpain, yomty simulation)

s553
SART LOAD (%

i

o

UASSFLOW /)

SITE CATANIA (ITALY) AND ARENOSILLO/HUELVA (SPAIN)

Comparing these two simulations concerning “Power to fluid, Total Mass Flow and Part Load”

one have.

Italy: total time step of 3600 {s]

Italy: useful simulation time step (steam production)

Italy: total simulation time step in which steam dumping occurs

=5118
=2248/5118 = 43.92%

= 498/2248 =22.15%
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gp_ain: total time step of 3600 [5___“_ =51_2-8
Spain: useful simulation time step (steam production) = 2255/5128 =43.97%
Spain: tolal simulation time step in which steam tisnping occurs =208/2255 =9.22%

As one can see, for Catania and Arenosillo/Huelva sites, about 44% of time simulation steps
have been discarded because of no good flowing conditions (too low mass density), on the
other hand, Catania shows too many "steam dumping conditions” while Arenosillo/Huelva
shows reasonable values. We can conclude that SEGS power plant for Catania is oversized
and reduction to rows length of SF must be considered

In the graph on the left electric

N O FFERENT SITES oty ws spa) energy consumption is shown
due to water/steam pumping
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OUTPUT SOFTWARE EXAMPLES
7. CONCLUSION

DSG and SSC technique demonstrated to be competitive compared to the already assessed
oil SEGS power plant (higher power plant efficiency and lower parasitic losses). While DSG-
SEGS require less equipment implementation it must be pointed out that DSG control
requires great effort in process control and some other investigations need to be made in this
direction before DSG process could substitute oil SEGS power plant.
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Abstract

Even though planning for energy sources has been a controversial issue for the
developing countries ; it is a vital issue {or the Arab World. While the United States of
America lay down policies to conserve its oil & gas reserves and deplele Arab oil at a
controlled price, Arab countries continue to depend on oil & gas revenues without
clear policies for alternatives energy sources. A review of state of the art and the
prospective alternative energy sources are developed in this paper with an emphasis of
the most promising ones for the Arab countries.

1. What are alternative energy sources?
"Alternative" energy sources are those that are of little used today .They are not

necessarily "new " energy sources. Many, in fact have been used lor thousands of
years. Some alternative sources have long-term environmental bencfits or other
advantages over the soutces in current use so-called "conventional” sources.

2. Wood, animal dung etc.

Wood has been a traditional fuel throughout human history. lingland as deforested
at the beginning ofthe Industrial revolution : all the mighty oak forests disappeared .
Europe has virtually no area of original forest left. The only onc is an ancient hunting
area for the aristocracy in western Poland, which now shelfers the few remaining
representatives of once-common European animals

India was highly forested; now the forests are alimost totally gone. Cooking is now
done with small pieces of timber and in some area . dried cow-dung is the main fuel .

In many desert countries around the Sahara, dricd camel dung is the only fuel.

It is manifestly evident that there is no scope in the Arab world for the use of Wood.

3. Hydroelectricity

This is a good source of energy, but for the effects of the dam.

There is little further scope for hydroclectricity in the Arab countrics. Rivers for
damming are scarce and power resources for power generalion require continuous
flow of water that falls from high altitude.

In the world, dams have been politically contentious since rivers often pass through
many countries. A massive dam was to have been built in [lungary despile the
ecological destruction which it would have caused downstrcain in Huogary and
Slovakia. Silt in dams is usually much greater than admitted. It is essential to preserve
the soil surrounding dams in a stable condition, preferably by retaining natural forest.
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I LEgypt, the Aswan High Dam has caused major problems. Built on the Nile to
control its {loods and use the water for irrigation. The problem is that the Nile delta
has relicd for millennia on the silt carried down during floods lor its extraordinary
fertility .Much of silt is now being deposited in the Aswan ugh da! In addition, the
water table in (he region around the dam has risen ,allowing water snails to become
more abundant ;these snails arc the carricrs for shistosomiasis, a parasite which bores
into the internal organs of humans. causing debilitation and death.

4. Geotiiermal heat encergy

This is a another good energy source , bul very limited in the areas where it can
found. CGeothermal vet has heen used for thousand of years [or cooking and bathing.
Geothermal areas .volcanoces and earthquakes occur together in arcas where there is
aclivily in the crust wsually where continental plates bull against each other.

In geathermal power plant, either steam is tapped from holes drilled in the ground or
pressurized wafer is sentdown pipes fo be heated and returned to the surface where it
is allowed to beil. The steam is used o drive turbines.

Worldwide, maore than 5600 Mw of geothermal power plants have been installed .El
Salvador gets 40% of its energy {rom geothermal plants, Nicaragua 28% and Kenya
11%. Japan lies on plate margin and has many hot springs.

In the Maghreh region (thermal stations constitute the major use of geothermal
cuergy where bathing has been the major utilization. The possibilities of using this
geothermal sources for power generation exist {or the high heat content of the sources
and the high water source temperature (150°C).

5.Winds : Wind Power encrgy

Wind power has long history of use .

Windmills have much scope in areas with {requent high-speed winds. The technology
is  far betier than it was. Blades inay rolaie in either the vertical ot horizonial plane, or
comprise a vertical corkserew withont blades. The Dutch are actively developing
smalf windmills {or use in remole locations and have a small but expanding export
industry i them. Denmark has more than 3000 wind turbines in 1991 which supplied
1.5% of its lotal electricity ,with plans to increase supply to 10% by the year 2000.
Large areas of Scotland are suitable {for wind power generation and demonstration
plants have been established. In the US huge windmills have been built such as in
Texas which is 10 stories high ‘The higher generating cost of wind power is offsct by
saving from not upgrading the power distribution grid.

The arab world present good characterictics for developing wind power. To be
feasible it is admitted that an average velocity of 8 miles/h is a minimum
requiretment. [u Noith afiica, the average wind velocity varies around 10 miles/h with
low of 7 miles/h in Algeria and a high of 11.6 miles/h in Libyameasuied in coastal
areas .

Wind energy can resolve basic energy needs in remote location in near deserltic areas
where wind velocity is high.
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6. Tides

At a few places on earth's surface Jtides may exceed 3 m e.g. the river Rance in
Brittany France where a tidal encrgy plant has been operating lor many years. A
barrage across the Seven Listuary. in England has been suggested, but the British
government is not inlerested. Some remote arcas in Northern Australia have large tidal
differences and would he suitable for tidal encrgy generation.

The ideca for extracting energy (rom tides is simple :let water into an estuary through
a serics of lurbines as the tide riscs; as the tide drops ,let the water out through the
same turbines. Electricity is generated by the rotation ot the turbines on both the
inflow and outflow.

7.Waves

Ingenuous device exist {or either (latlening waves and extracting their energy, or
using the upward and downward movement of waler in a submerged chamber to push
air through a turbine. The main problems are the high capital cost, the low energy
yield, and the storm damage. The techuology is developing and becoming more
robust. Potentially, wave power is a useful source in many areas.

8. Solar encrgy

The average insolation received by the Arab world is estimated at aboul 520
C'll/mz.day or about 250 W/m’. The Arab countries receive about 30 x 10'° Kwh of
solar energy that is 100 0Q (Q=2.93 x 10" Kwh) of non depletable energy. Itis worth
to compare it to the estimated value of the petroleum reserves discovered and non
discovered which do not exceed 15.2 Q.

8.1 Solar cnergy : passive heating

In many areas of the world. more than hall of the energy consumed is used [or
heating buildings. Buildings with good insulation and passive absotption of heat in
winter(but not in summer) could greatly reduce cnergy demand.

It is very wastelul, from a thermodynamic viewpoinl to usc electricity or high-

quality forms ol energy for such menial task as heating something a [ew degrees.

In most Arab countries space cooling is the major consumer ol energy during the
summer season . Saudi Arabia, among other Arab countries Jhas the most ambitious
program in this area.

8.2 Solar cnergy : process heating
Domestic heating

Heating of water for domestic use is a large consumer of energy. It is
thermodynamically wasteful : much more usclul things could be done with the encrgy
than converting it directly to heat through a resistance .

A solar hot-water heater is somelimes economically viable. Amortized oaver its
lifetime (say 20 yr.), or a solar water heater (just) recovers ils capital cost. This means
that is worthwhile to install one in a new building. The economics arc not yet
favorable for installing solar healers in existing buildings, due (o the additional cost of
replumbing.
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The efficiency of solar heaters can be improved by :

e incorporating reflectors into the design to collect and focus the radiation from
a larger area on the absorbing surlaces and

e coating the absorbing surfaces with special matcrials which reduce reflection
(like the coatings on camera lenses).

Industrial heating

Solar greenhouses may increase the production ol vegetables to three to five times
compared to the open air agricuitured.ower waier requirements of “piastic
agriculture”™ per unit area has conducted to the concept of integrated systems
combining both distillation and temperature control by solar energy techniques.
Another application concerns soil sterilization i.c. killing harmlul fungi to seeding .
Integrated solar greenhouses are mostly implemented in Jordan, UAE, Kuwait,
I.ebanon, Traq, and Babrain. However, the process needs great improvement as Lo its
systematization and the protection of the products [rom dust and inscets.
Solar process heating is alrcady uscd for drying {ruits, meals prawns, mincrals ores .
Rescarch in (his arca is carried out in Algeria, Fgypl, [raq, Jordan, ILebanon, Libya.
and Sudan.

8.3 Solav thermal electricity

The technology is based on special anti-reflection coatings which ensurc efficient
ahsorption ol light, as well as inlared radiation. ‘The device comprise long parabolic
collector which comprise a double glass tube | like a long thermollask, with coating
on the outside of the inside tube.

The latest technique consists of pipes wilh waler circulating inside the inner tube W
obtain stcam (o drive a turbine. Optimistic claims of 4 cents/Kwh o produce
clectricity. Itis estimated that 800 dishes over an area of'| km’ could produce enough
clectricity for a city oi 200 000 people,

8.4 "Green" solar encrgy

There are various possibilitics for using photosynthetic organisms 10 make liquid
fucls. [Either a special crop can be grown. such as sugar cane (-->sugar----=alcohol)
(--->algae(-->oil Jor rape(-->rapesced---=oil ).or agricullural wastes, such as corn hisks
or sugar cane wasfes. can be used o produce sugar and then alcohol,

Some planktoniv alpae produce oil i arder o Hoal gea the surface and as aofl fuod
storage They can be distilled (o obtain an oil resembling erude petroleum.

Gasohol is the name given 1o mixtures of gasoline and alcohol which are used as
liquid fucls. The USAL which subsidizes pasohol production, is reported 1o nse more
petroleuny in producing the alcohol for gasohol than it saves,

I 1990 Brazil was producing 25 million tons ol sugar (rom 4 million llcctares
(8%)of its cultivated land to provide 12 million liters ol cthanol. Four million cars run
on ethanol and another million run on a mixture 20% cthanol 80% petrol. In effects |
rich urban Brazilians clear the amazon forest (o plant sugar cane lo make alcohol for
in Rrazilian citics is relatively clean due o the use of ethanel. The

thetr cars! The ai

t
problem  most recently has been that the government (fast with runaway inflation) has
triecd (o reduce the subsidy to Tawrmers {or cthanol production and the Farmers have



preferred to sell the sugar for use in food. The government is planning to import cheap
methanol (from natural gas) but this has caused environmental protests about the
safety of methanol.

8.5 Photovoltaic cells

Early photovoltaic cells were very expensive since they were made by growing large
crystals of highly purified silicon and cutting thin slices (rom them. The cost of
photovoltaic cells has plummeted duc to the development ot "amorphous silicon
technology". Whole surfaces can now be coated with silicon by drawing them slowly
a bath of molten silicon. The silicon is the form of vast numbers of
minute(amorphous) crystals. The efficiency of amorphous silicon cells is not imuch
less than crystalline cells.

Photovoltaic cells are an obvious technology to develop, due to the high light
intensity over most the country. Photovoltaic cells are already economic in remote
locations . The devices may be expensive, but no power lines are rcquired and no
costly diesel motor (to maintain) is required.

It is also possible to use photovoltaic electricity to electrolyze water and transport
the hydrogen gas by pipe. Systems are being investigated in which hydrogen is
produced directly in photovoltaic cells.

The cost of solar electricity has fallen during the past 20 years from $30 per kilowatt
hour (o just 30 cents. A company in Southern California generates 354 mw with solar
collectors at 22% efficiency for reported cost of 8 cents per for a reported cost of 8
cents per Kwh, By comparison, conventional production costs about 6 cents per Kwh.

The efficiency limit for solar cells is probably about 30%, but they be made as thin
10 um without significant loss of efficiency for a reported reducing the cost of
production. The two factors limiting the use of photovoltaic cells are cost and the
stability of the substrate. The prospects for continuing decline in cost look
certain.Compared to nuclear fusion or even safe nuclear fission, the technology seems
easy.

Cells based on silicon are about 30 times cheaper than those based on gallium
arsenide. Although the latter are 25% more elficient, silicon cells are cheaper and
more stable in the long term. Almost certainly , silicon will be the principal material
of the future. Durability of 20 years has been demonstrated for silicon cells.

Photoelectric power is initially expensive, but maintenance is low and fuel storage
inexistant. The average house has enough surface area to collect energy for its needs,
but a cheap method of energy storage remains the problem.

Arrays of solar cell arrays can he connected to a power grid and coupled with
hydroelectric power to provide peak load service. Any excess solar power can be used
to pump water uphill for storage and later energy production.

The most important system that uses photovoltaic cells has been established in Saudi
Arabia. A photovoltaic power plant at Al uyaynah Saudi Arabia using silicon has a
capacity of 350 Kw. One successful photovoltaic application which is already
economical in Arab countries is in telecommunication. Indeed, in both Jordan and
Saudi Arabia, hundreds of photovoltaic emergency telephones, placed on highways
has been performing well.
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9. Occan Heat engines

Deep ocean waler is cooler than the water al the surlace. prototype heat engines
using working fluid such as anunonia have heen buill. Ammonia is boiled at the
temperalure ol the surface waler. passes tirough a tuthine to estract encrgy and then is
cooled and liquclicd using water at the lower temperature bencath the ocean surface.

10, Oil from oil shale, coal and wastes
10.1 Oil from uil shale

An otl shale is asedimentary rock which when heated in the absence ol air, yields
vapors  front which may be  condensed a Jiquid comprising an aqueous phasc
(containing phenals, pyridines ete.) and an oil phase (golden matter (the record is
93%"), and yiclls 5% oil by weight upon heating ata temperature ol'500"C.

Qil shales were long known in Scotland as “kerosene Shales™ and used during the
Industial Revolution o provide both kerosene for lighting and Tubricating oil. There
arc paintings of small children running around in factories with oil cans conlaining
shale oil.

II' hydrogenated, shale oil gives a stable clear liquid with properties similar to light
petroleum. S compounds are lost as J1,S. but nitrogen compounds remain, which may
be poison refinery catalysts. Using modilied relining processes, a range ol transpott
fuels and fubricating oils can be oblained from shale oil.

The main problems with shale oi) arc as follows:

o T he yield of ail from current oil shales is fow (50 1/0), which means vou need about
2 tonnes ol rocek to be processed to [ill your petrol tank! The quantitics ol malerial
which must be dug and transported are enormous.

A huge volume of apent shale, now occupying about 10% more volume than the
original material must be disposcd ol in an environmentally safe manner .

The spent oil shale will contain toxic polvaromatic hydrocarbons, mctals and a
range ol other compounds. Due o the mare poroas nature of the material atter
retorting, toxic componenis are mohile and may leach from the waste,

Many ail shale deposit occur in environmentallv-sensitive locations. The rundle
deposit, Tor instance lies near  the cost adjoining the Great barrier Reef which has
restricted water cireulation hetween reef and shore.Shale oils will one day be used
but not until casily accessible petroleum teserves have been exhausted. Their
greatesl value may be as raw materials 1o chemistry industry, rather than as fuels.
Oil shale deposits in the Arab World are concentrated in Jordan and Morocco as well
as in Mauritania with reserves about 105.7 billions tons with oil vields ofaboul 6.5%

10.2 Oil from coal

Coal contains more carbon and less hydrogen than oil shale [ yon heat onit its
own, you get very little oil. [ remember that an aliphatic oil is approximately CIH,.
and vequires CilI 1:2] if coal is heated under conditions which allow simul(ancous
hydrogenation, good yiclds of liquid [uels can be obtained. Nevertheless, Flydrogen
availabilty will still persist.
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Various hydrogenolysis methads have been developed. The best-known is the Sassol
pracess used in Germany during W.W 11 and later in South Alviea. 10 both cases, the
process was used to avoid dependence on imported oil.

The advantage ol using coal rather than il is the more concentrated nature of the
raw malerial, The yield of oil frony coal may be 100 times greater than lrom oil shale.
There is a carrespondingly smaller problem ol waste disposal and the oil contains less
heteroatomic compounds.

Oil from coal is a proven technology “which will continue to be used ahead of oil [rom
oil shale.

Morocco, and Egypt and Algeria possess viable reserves of coal .Other rescrves
cconomically feasible are also present in Libya, Tunisia, Egypt, Morocco, Koweit,
Sudan, Palestine. Yemen, and Somalia. Important lignite deposits were discovered in
Saudi Arabia, Morocco and Algeria.

10.3 Qil from wastes

Many waste materials such as sewage. car tyres. plastics. comn wastes and dredged
river algac give an oil remarkably similar to shale oil. In Tact. all pyrolysis oils [rom
aliphatic organic matler are remarkably similar, due to the tendency for the most
thermodynamically stable (e.g. aromatic) molecules (o be produced.

Liguid fucls from the pyrolysis of wastes are expensive. Better ways are probably
available {or disposing of wastes (including not making them)

11. Conclusions:

Opportunities to develop alternative encrgy sources to hydrocarbons primarily , do
exist as described above. Arab world efforts and financial means shall be concentrated
in many arcas where potentialities arc tremendous such as solar energy , wind power
and geothermal energy lo name just a few. Research and Development is to be
oriented toward these promising alternatives. Forums which will reduce the gap
among  shattered and  dispersed  Arabs  policies in the cnergy sector should be
encouraged. More coordination and follow-up must be laid lo assure efficient results.
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ABSTRACT This paper deals with the possibility of finding usetul applications to the
geothermal energy available in the hot Albian water. In the Algerian Sahara some wells give the
hot water a mean temperature of 70°C and a ratemass flow of 250 kg /s. This area is known
forits climate , 35°C fioin April to October, and its relatively weak humidity. The distances
between towns are important, and some difficulties in preserving the agricultural production and
other sensible products are oflen encountered. The availability of important free Albian
geothermal cnergy, which is lost in the atmosphere , could be used to improve the life conditions
of inhabitants.

Thus, the requirement for the adaptability of this lost energy to refrigeration production seems
to us very opportune. One part of this survey is presented.

1. Introduction

‘I'he application of geothermal energy for non electric uses had mobilised a great number ol
researchers in the world. Numerous International Symposiums had been organised since 1975.
The latter one is that of Florence (Italy) 1995 [1].

‘I'he installed thermal power is about 8664 MW with 1915 MW in China , 1874 MW in USA |
599 MW in France. The main uses could be classified as:

-34% for space heating 14% for bathing, 149% for grecinhouses, and 13% {1 lical pumps.

In Northern Algeria , 240 springs have been idenlificd (about 100¥/s , 50 to 96°C) [2]. The Albian
reservoir in the Sahara is more important ( ~ 50 wells of 250 to 300 1/s, 50 to 90 °C)

only in the Quargla arca, The hot water coming out from these wells serves only as irrigating or
drinking water , except for the experiment of some greenhouses. The generalisation of these latter
has been recommended in order to increase the food production[3].

An important loss of Albian geothermal energy is registered. [t is possible to collect a great part
of this lost energy, by means of investments. One of the possible application is the heat pumps and
the refrigeration production in order to preserve foods, fruits , medicines, etc...  So, the Djamaa
area , where the annual production of good quality dates is more than 15,000 tons, disposes only
of one installation of classical dates conserving, which is very insufticient.

n arder {0 adapt the lost Albian geothermal cnergy to useful application, we have proposed
this opportunity to ENAFLA.

In this paper we report the first part of the study which consists of the conception of one
refrigeration production unit, using the hot water delivered by the well ( 200kg/s, 70°C) and
taking into account the Montreal protocol about the use of CFC.
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'. Some procedures of refrigeration production

There are many procedures of refrigeration production and air conditioning in the literature
[hey are destined for different uses ( industries, fruits and foods preserving, medicines and
siological products, etc...). We can class them in three categories{4],[6],[7]:

.1 Procedures using compression and relaxation cycles|4],]6]:
vapour compression with phases changes,
gas compression without phase change
gas compression with phases changes
compression and relaxation with exterior work production,
compression and relaxation without exterior work production.
2.2 Absorption procedures[4],[6]:
continuously working,
intermittent work.
2.3 Thermoelectric procedures {4],[6].
2.4 Choice of one procedure:

Despite the possibility of associating the Albian geothermal energy with any one of the
preceding procedures, our choice has been led by the preoccupation to give one procedure as
simiply as possible to set up and to maintain, which would be adaptable to Saharan climate,
autonomously towards the electric network and using a refrigerating {luid without a bad effcct on
the ozone layer.

In these cases, the absorption procedure seems to satisfy the requirements. Consequently, we
have opted for the absorption procedure working continuously.

This mode of refrigeration production presents the following advantages:

-refrigerating fluid : the NH5-H,O solution inert towards the ozone layer
-static working
-energetic needs very small
-energetic supply: the Albian geothermal heat is supplied directly by the hot water coming
from the well near the unit of dates preserving
-regulation equipment could be fed by the solar electricity
3. Description
The general schema shows the essential organs.
3.1 The evaporator:
Set up in a cold room, it receives the heat delivered by foods. The temperature of the
refrigerating fluid increases, the latter passes to vapour state and begins to describe the
refrigeration cycles. The frigorific effect is produced in this room. The mass flow rate is

m= Qo
he—hs

where hs, hg are the enthalpies read on the Mollier diagram and  Qgthe heat delivered by the

foods.
On the other hand, we can write :
Qu = KSAT

where K is the global exchange coeflicient and S the exchange surface.

AT = ATy — A‘Tg



whereAT), ATy represent respectively the inlet and the outlet temperature gaps , in regard to
evaporation temperature Ty
3.2 The condenser:

It permits ammoniac coming out from the separation column to pass from vapour state to a
liquid one (Py, T;). The gas temperatuie decreases to Ty , we obtain then the heat Q.

3.3 The absorber:

It permits the mixing of ammoniac gas and the peor solution to give a rich one, which will be
the separation column Joad.
3.4 The liquid vapour exchanger (e):

It allows the liquid cooling between the points 3 and 4, which is necessary {or the frrigorific
effect.
3.5 The solution exchanger (E):

A heat exchanger has been settled between the absorber and the separation column. It permits
a rich snlution to arrive in the separation column at a temperature near that of its saturation onc
3.6 The boiler:

It containg the heat exchanger fed in Albian hot water which brings the heat Qg
3.7 Calculations of Qg and Qy:
3.7.a Muss balance -

mp -, -m o= 0

where m,, m, are respectively the rich and the poor solutions mass.

p

3.7.b Energy balance:
m g +Qg-m, x,-mhy -Qp =10

where : x, is the humidity degree of the solution read on the Mollier diagram,
hg , h; are the enthalpies read on the Mollier diagram . respectively at B and 2

These balances are not sullicient , and Lo caleulate

Qg - Qp

we must use a graphical method by means of the Merkel diagram.
3.8 Determination of installation sizes:

In the case of this paper , we present only the results obtained in the column where the Albian
geothermal water is used. The calculations had been made for the refrigeration production set up,
localised at Djamnéa in the case of:

-refiigeration power =10 KW,

-Evaporation temperature = -10°C

These results have been abtained by means of a computing program made speciaily for this
work

Data: m =9.26.10-3 kg/s

5

mpu——O‘OISS kg/s, m,=00611 kg/s.

Parameters read:  hy= 105 kg/s, hy =80 kg/s, hy — 442 kg/s, Qp (in ™ 2 kg/s
QB min = 9V kg/s .

Paramecters calculated: Qpy =30 kcal/s , Qg = 95 kcal/s .
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1.9 Frigorific balance :

It is necessary to make the frigorific balanced in order to determine the sizes of the
nstallation. We have made it, using the real data available in the refrigeration production unit of
Jjamia. A computing program has been established in 4 parts for that.

We must know the following magnitudes:

1.9.a The energy loss:

It contains the heat given to a cold room by the environment throughout the walls, the soil and

he roof. The computing program gives this heat.

1.9.b The refrigeration needs aof foods: Qy=h;- I

We must determine, for that , the difference between the initial and final enthalpies , in regard to
yrocedure.

3.9.c Duration of foods stay:

3.9.d Other loss: They are

the thermal equivalent; of machines work , of opening the doors, of workers, of ventilators.

All of these types of heat have been calculated , using the computing program. The evaporator
must compensate them, in order to maintain the temperature T constant, in the cold room.

4. Conclusion

This study shows one usefil application of Albian geothermal energy, among many others.
Our objective was to adapt its direct use to local needs. The unit of refiigeration production
studied could be adapted to all sizes, according to client requirements, by means of the computing
program developed. It is possible to give this installation completely autonomously with the
electric network, using a thermal engine, devised in the case of this study , to train the pump. This
engine will be presented in a future paper. The regulation equipment could be supplied with the
solar electricity.
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Abstract

Dwellings are one of the main enecrgy consuming sectors in this country. This
energy is consumed in simple applications, such as water heatingfor domestic
nse, lighting, and othér uses for limited periods of time. There are many
renewable energy sourccs that are suitable to supply dwellings with their energy
needs. Solar energy is most obvious and more abundant in this couutry. This
paper is intended to explore methods and means of using solar energy in Libyan
dwellings, in order to reduce the consumption of energy geucrated from fossil
origin, consequently, reducing emissions of pollutants. Solar technologies and
cconomic viabilities are also explored. Related existing applications, in the
country, are discussed.

1. Introduction

The impetus to conserve and nse renwable energy is that “ the age of petrolium
will, someday end, either by design or by default “ vef. (1), and the concentration
of CO2 in the atmoshere will reach unprecedented levels, that could cause
irreparable damage to the environment, if current consumption of fossil Muels
continues as usual. The most profound energy adjustments should occur in
countries, like Libya, that completely dependent on oil and gas. There is a solar
potential, in this country , if well harnessed , it could minimize or even eliminate
the use of electricity, generated rom fossil fuels, in residential sector. Solar
energy is well suited to heat the water used largely for cooking and heating which
accounts for 30 to S0% of energy use in most countries of the world ref.(2). Many
solar energy applications have been initiated in this country, for space and water
heating and for other purposes. 1t is unfortnnate, that they were not part of a
whole plan or certain strategy. There are two relatively , large projects to supply
hot water for about 3000 dwellings in two new towns, Brega and Ras Lanuf|
planned and constructed by oil industiry. Plans to build 60 thousand new
dwellings within the next few years, have been completed, but without
considering any solar applications, due, mainly, to lack of understanding of the
technology and its merits, on the planners side. There is an infrastructre for
manufacturing solar collectors and small factory assemblying solar cells (P.V)
which can be expanded for large capacities.
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2. Energy Consumption in a Lilbyan Dwelling

2.1. Residential sector consnmes a major part of the total energy requirements in
many countries. In Libya, it consumes about 25% of the clectric encrgy end-use
demand, and still growing. It is second to the industrial sector 30% ref. (3). High
growth rate of population and rising standard of living are the major driving
forces tor increasing end-use demand for electricity. On the other hand, clectric
energy is conswtmed in simple applications in dwellings, mainly, in heating water
for domestic use 35%, lighting 16% , refrigeration 18%. Fig (1). These forms of
consamption can be casily mel, totally or parily, by solar energy, in i economic
way, in most regions of the country.

)
18% 13%

18%

16%

36%

35 % Water Heating 16 % Lighting 13 % Others
18 % Refvig. 18 % A/C.

Fig (1) Distribution of Electricity Use in a Libyan Dwelling

2.2. There are many ways to reduce the energy consumption in dwellings. Most
of these ways are passive, such as the orientation and the shape of the building,
the area of windows, the degree of insulation, and the lifestyle of  the
householders. The active methods of cutting consumption are the type of heating
system, the level of ventilation and the introduction of solar energy. Inspite of the
importance of all factors mentioned above, using active solar cnergy is the only
factor to be discussed here.

3. Solar Energy Availability

Libya, like the rest of north African countries, is blessed with unlimited reservoir
of solar energy. The Sun shines about 3500 hours annually, and solar irrediance is
one of the highest in the world. [tis 2200 Kwh/ m2 per year on the average Fig.
(2). Further more, its population arc scattered over large desert arca, making
solar as the most viable energy alternative for all applications that are necded for
sustainable standard of living, during and post oil era. Inspite of this huge
reservoir of clean and inexhaustible energy, there is no solid plans to harness it.
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There are many individual institution applications, in space heating,
greenhouse, domestic hot water, street lighting, cathodic protection for oil and
gas pipe lines ... ect. But without systematic and/or strategic planning. Energy
requirements for dwellings can completely be met by solar energy in many towns
and villages around the country, particularly , in the middle and the south
regions. Solar contribution to domestic water heating is estimated as 85%, and
payback time of four years is feasible for many cases, ref. (4).

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

[_1 Sunshine (hws) [l Insolation (kwh/m/day)

Fig. (2) Solar krrediance and Sunshine Duration

4. Solar - for Fossil - Energy Conservation

More than 90% of Libyan dwellings are connected to the electrical grid, where
the cost of electricity is (0.02) Libyan Dinar per Kwh (3 0.065). This cheep
electricity means that there are no incentives to the public to buy , or even think
about buying, solar collectors to produce hot water and/or photovoltaic systems.
Thus, government and/or its institutions should take a leading role to promote
household solar applications. The role of governments and their agencies is
making a big difference in industrial and in developing countries likewise,
ref. (5, 6, 7). Financing solar energy for the residential sectors, in this country,
implies conservation of fossil fuels, reducing pollution and developing new
industry for the future.

Energy consumed in Libyan dwellings consists of two forms, namely, natural
gas for cooking and electricity for everything else; some householders use
electricity only for all purposes. The pattern of electricity consnmption in a
Libyan dwelling, during 24 hours, is depicted in Fig. (3), where 37% of the
consumption occured in the sunny period between 10 and 17 hours. Further
more, electricity consumed to heat domestic water represents 35% of the total
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consumplion, as it can be seen in Fig. (4) which shows, also, the distribution of
electricity consumption, compared to a typical dwelling in the United States and
Brazil. It is clear that solar heat and electricity can replace the energy gencerated
by burning oil and gas and consequently, avoiding the emissions of 77 Kg of CO2
per dwelling daily.

0 +5=

012 3 456 7 8 9 1011121314 15 16 17 18 19 20 21 2223 24
Time (hrs)

Fig. (3) Electricity Usc in a Libyan Dwelling
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Fig. (4) Distribution of Electricity Consumption in Dwellings %
(Exclnding Space Heating)
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S. Solar [Teating projects (Brega and Ras Lanuf)

Previous attempts to use solar collectors to heat domestic water for farmers
dwellings, in the east regions and for villagers in the south, 10-15 years ago failed
without real evaluation of the experience gained. During the last four years 2600
collectors have been installed on  all new Brega town dwellings, and 400 in Ras
Lannf. Both towns are located on the middeteranean sea in the desert between
Sirt and Benghazi.

They represent the right direction of a government institution to promote solar
applications on a large scale, hnt they were a part of turnkey projects. Thus, no
contrhbution from local industry in manufacturing of the collectors which
represented a lost apportunity to develop solar technology in the country. Both
projects helong to Sirt Petrolium Company. The collectors technology is not the
bestone, bnt it is prapriate for its time.

6. Conclusions

At the end of this discussion, one may conclude the following remarks:
6.1. The potentiol of soler energy in Libya is very high, but the promotions for
exploitation have been very low so far.
6.2, Encrgy nse iu Libyan dwellings suites very well solar applications, but needs
stroug incentives from the government and its institutions.
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ABSTRACT

Optimisation and integration of building control strategies can save huge amount of energy, while
preserving or improving the standards of the indoor comforl. Integrated control strategies of the
Building Energy Management Systems (BEMS) provide potential for larger energy saving, by
increasing efficiency and optimisation of plants, and better indoor comfort, by combining the physical
control actions with the human presence/room occupancy.

From several years ENEL DSR/CRAM and CONPHOEBUS are operating, in strictly co-operation, in
rational use of energy (RUE) and the best exploitation of renewable energies (RE), in view of the
efficient management of the national ENEL building stock. Among the possible aspects of RUE, RE
and indoor comfort in buildings, the research aclivities are aimed at bioclimatic design and
development of closed-loop control strategies, mainly for heating, cooling and lighting. The integrated
control of the environmental conditions, in terms of internal temperature and illuminance, and human
presence have demonstrated an energy saving opportunity through the reduction of both the
heating/cooling and electrical loads, as well as improvement on the thermal and visual indoor comfort
has been achieved.

This paper will present also some interesting applications to an ENEL office building and will outline the
main lechniques developed and implemented by ENEL and CONPHOEBUS.

1.  Approach

Computer Integrated Building (CIB) are integrated hardware and software structure and are
often adopted for the overall management of the technological services in buildings.
Basically they are supervisor and control systems of the different building services: heating,
cooling, lighting, access control, fire prevention, etc., but they are not oriented to energy
savings and indoor comfort purposes.

Since 1990 ENEL and CONPHOEBUS have been operating in some buildings of the
national ENEL. building stock for the best exploitation of the CIB systems and for identifying
innovative control strategies which can be implemented to minimise energy consumption and
to improve or preserve the thermal and visual comforts.

The following steps of approach (methodology) have been carried out:

1. CIB system features analysis;

. verification of the CIB system performances for the hest operation of the technological
plants;

3. implementation of additional or modified features;

4, efficiency verification.

-

N

t two steps, fulfilled with on site surveys and short-terim measurement, provide an
idea on the possible actions to undertake for the improvement of the overall management on
the energy functions.
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The third step is carried out selecting some reference rooms of the building and applying the
new control strategies through an ad hoc control system (PROTEUS), finalised to energy
savings and indoor comfort purposes.

The fourth step demonstrates the advantages and benefits of these control strategies
through a parallel comparison of the PROTEUS and CIB performances.

2. Monitoring system.

Sensors were sampled at one minute frequency, while hourly average data were stored into
the hard-disk data base. Special attention has been payed on the data acceptability criteria:
only data which belong to a realistic range and which have a percentage (i.e 80%) of
measured values in the hour are stored.

3. Control strategies description

The more efficient management of the technological plants, which allows to achieve the
more consistent energy savings, has been demonstrated to be finalised to the real human
3 presence/behaviour inside each room.
The basic criteria was to choose
couples of adiacent rooms, with the
same area equal to 17.57 [m?, and
which are occupied by the same
number of people with similar work
activities and comparable human
behaviour.
One room (hereafter named CIB) was
controlled by the traditional CIB system
and the other one (hereafter namend
CONPHO) was controlled by the
So e == -1 innovative PROTEUS control system.
Room occupancy was monltored through |nfrared personnel detectors'. People occupying
the reference rooms were monitored since their input to the building (magnetic bedge
detection in the morning) to their exit from the building (magnetic bedge detection in the
afternoon). )
The overall occupancy of the CIB and CONPHO rooms is showed in the following table.

l Frgida gk ¢

n B Ceslidarsy
v

m ps;.f,m? gwxua'ﬁan
RES i a N
MWM-;I‘

Period CIB occupancy [min.] CONPHO occupancy [min.]
Total 74158 62177

Data of both rooms were collected by the PROTEUS system and stored in its internal data-
base.

! This information has been only utilised to demonstrate the convenience of control strategies

based on the room occupancy.
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4. Heating/Cooling control strategies.

Energy saving and thermal comfort were ensured by a combined set-point control of

temperature, different for heating and cooling, based on the room occupancy.

Thermal comfort was defined through 3 thermal levels, according to the following figures:

= maximum comfort with temperature at its set-point value in presence of personnel inside
the room;

» stand-by comfort with temperature lower than its set-point value for temporary absence
of personnel inside the room,

« minimum_ comfort with temperature at its minimum set-point value in absence of
personnel at work (detected through the magnetic badge) or during long period of room
non occupancy

5. Results of the temperature control.

The temperature control for heating and cooling confirmed the expected behaviours

——— e e Thermal comfort was different for the
two reference rooms: the CIB one
was maintained at higher set-point
values for the whole working day and
i it was independent from the room
T S L occupancy; the CONPHO one was

e mantained at its set-point values only
| during the presence of personnel
= A T T e T L T L T inside the room.

\ H - FFatssllats
Winter therimal comfont

« The start-up time of hot/cold air in the
CONPHO room was hased on the
arrival of personnel at the office,while
the CIB room was programmed on

L - ﬂ time base.

reetun

* Supply air circulaled for the whole
days, included alsu week-gnds and
holidays. An immediate energy
saving, a part of those obtained with
the smart control sirtegies, has been
reached stopping the supply air
during the non working days,
provided that it was not explicitally
requested to be on.

S el T T e I e 4 N B e e g
al analysis demonstratea the convenience of the appiea Conirdr suawegies

energy consuption for Fan, Heating, Cooling. and the obtained energy savings
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Fan consuption [kWh,] Cooling Loads [kWh,] Energy Savings [%]
Summer CiB CONPHO ciB CONPHO Fan Cooling
Average 1170 217 ' 467 378 81 19
Heating Loads [kWh,]
Winter ciB CONPHO ciB CONPHO Fan Heating
Average 1340 138 1647 840 90 49

6. Lighting control strategies.

Natural lighting and room occupancy are combined with the artificial lighting in order to
ensure the best visual comfort on the working desk. Artificial lighting were controlled with a
dimming regulation in order to provide the necessary contribute to integrate the natural
lighting. The room occupancy controls the On/Off status of artificial lighting. A time delay is
assigned to turn off the artificial lighting if no occupancy in the room is detected, and turns on
automatically when personnel comes in.

7. Results of the lighting control.

The artificial lighting control have confirmed the expected behaviours.

e During both seasons - winter and summer - the CONPHO room was maintained at the set-
point values during the working hours and with human presence inside; the CIB room
showed free fluctuations of the internal illuminance around its set-point values.

» Larger energy savings have been obtained with the control strategy based on the human
presence inside the room of those one can be obtained with simpler time-based control or
manually On/Off based control.

Hereafter the seasonal average values of the artificial lighting electrical consuption are
showed.

Period Energy Consuption [kWhe] Energy Savings [%)]
ciB CONPHO
Summer 1120 580 49
Winter 1940 895 54

The figure below shows the different behaviour, during the winter season, of the artificial
lighting in the reference rooms.
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It was calculated® that energy consumption for artificial lighting in the CONPHO room was
46% less than ot the CIB one

8. CONCLUSIONS

The following table summarises the potential for energy saving on a single room where
control strategies based on the room occupancy have been adopted.

Energy Savings
Season Fan Heaﬂng’ Cooling" — Artificial Lighting |
[%] | [kWhe] | [%] | [kWh [%] [kWh,] [%] [kWh,]
Summer 81 217 19 378 49 580
Winter 90 138 49 840 54 895

The integrated control strategies based on the room occupancy have been demonstrated
more efficient respect to individual On/Off or thermostatic controls of the heating/cooling and
artificial lighting, ensuring on the same time the best functionality of the equipment and
providing better indoor comfort.

. Energy consuption have been calculated multiplying minutes of presence inside the room for

the electrical power of the lamps (288 W).

Energy consuption for heating has been calculated on the basis of 6 months, considering 20
working days per month.

Energy consuption for cooling has been calculated on the basis of 4 months, considering 20
working days per month.
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Abstract

The thermal efliciency of leal covers on extemal building walls is theorctically analyzed. The
thermal performances ol plants with diflerent radiative and diffusive properties which shield walls
of diffcrent masses m summertime climatic conditions are simulated through a finite-diflerence
mumerical model. Quantitative data of average and instantaneous incoming thermal fluxes are
reported. Comparative results with reference to unshielded walls as well as (o walls protected by
non-vegetable screens are presented.

1. Introduction

Solar radiation may play a decisive rolc in heat transler througl the exterior walls of huildinps
both in summer and in winter, thus aflecting meaningfully the encigy rates required to keep
suitable indoor temiperatures. The employment of extemnal scieens may represent a good solution
in summer, but limits the thermal performances of the walls in winter. Deciduous leaf covers miny
provide a convenient solufiou where the presence of shade in sununer and sun in winter mav be
significant on the energy balance of the building. representing a reliable sell~regulating shielding
system, capable of providing carlicr shading 1o vuter walls 10 hot springsicariy summers and
carlier exposition of outer walls to more sunshine in eatly autumas. Furthermore, the relationship
between transpitation, leal temperature and enviromment may result in a larger protective effect
with respect to the employment of non-vepetable external shiclding. particularly it during sunnmer
the plant becomes cooler than the outside air

The energy balance of a plant leal in a given environment must take into account the radiant
encigy absorbed and enntted by the teall the energy exchanged by convection heat transfer with
ambient air, the encrpy rtemoved by evapotranspiration (if condensation phenomena occur on the
feal’ eneigy is gained) and the encrgy consumed or contiibuted by the metabolic piocesses
(nsually. however, negligible in the energy budget calculation).

Spectral aptical prapertics of leaves as well as the total resistance of the diffusion patlnvays.
made up of the sum of substomatal and stomatal resistances plus the external 1esistance in the
boundary air layer, arc repotted in the literature for many diflerent plants | 1-4].

The dependence of leal temperature and transpiration rate on the main environniental factors.
essentially total incoming radiation. wind speed. air temperature and relative humidity, as well as
the velative eflectiveness of all modes of encigy dissipation arc widely discussed iu plant science
literatme |4-8]

The analysic <

'
i St

. E liciciey of vegeiniion stields on ihe outside walis of
buildings has just been accentuated, with reference to specific building types and somehow
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neglecting the effects of transpiration [9]. On the other hand. the diffusion process has a
significant influence on the leaf temperature and then on the thermal performances of the
vegetation cover.

The present paper proposes a basic numerical study of the thermal perfournances of outside
walls of different masses shielded by vegetation screens in summer, taking into account both the
leaf transpiration effects and the influence of the cover geometry. Leaf covers effectiveness and
employment convenience are pointed out and efliciency comparisons are made with reference to
the case of non-vegetable shields adoption.

2. Computational model

An infinite vertical wall of uniform thickness, dividing the indoor ambient (rom the outside. is
considered partially shielded {rom solar radiation by a vegetation cover placed at a given distance
from the outer surface of the wall as sketched in Fig.(1).

The leaf cover consists of a variable number of layers, cach with mass and thickness negligible
with respect to the wall, thus neglecting its thermal inertia and assuming a unique tewperature
value for each layer. The average leal absorptance for sunlight of wavelengths 0+2 pm is
condidered variable in order to take into account the bebaviour of different plants, while,
according to the spectral properties of most plants, the leaf emissivity for wavelengths larger than
2 i is assumed 0.95 [4]. As far as the transpiration process is involved, the different responses
ol plants to the main environmental factors are taken into account by investigating the leaf thenmal
performances for a wide range of values of the total diffusion resistance. The night-time leal
behaviour is simulated by assuming an infinite diffusion resistance [10,11], while possible
condensation phenomena on the leaf surface are not considered.

Cach leaf-layer is assumed to be parallel to the wall and not corpletely covered by leaves,
introducing an “areic covering factor” f;=4,/4 defined as the ratio between the area actually
covered by leaves, assumed uniformly distributed over each layer, and the area of the layer.
Following the hypothesis of vertically placed leaves. the model does not take into account that
the actual orientation of any single leaf depends on the sun’s apparent movement, wind action,
leaf curvature. shading by other leaves and difterential growth. Furthermore, the model does not
take into account wilting occurrence and the fact that variations in radiative properties of any
single leaf ay occur.

The wall is assumed to be southward-facing. Its average absorptance for solar radiation and its
emissivity for wavelengths larger than 2 pm are assumed respectively 0.6 and 0.9

35

o Tomperi

leaf cover  air layer  building wall

ASHP)

Ta

? 2 s (h) 24

Fig. 1 - Sketch of the model Fig. 2 - External clunatic conditions
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The indoor ambient is considered to be kept at a 25°C constant temperature

As far as the extemal climatic conditions are concemned, reference is made to summertime
typical Mediterranean climate: the specific daily solar radiation and air temperature time-
distributions assumed are reported in Fig, (2). The wind speed is assumed constant, with a value
vy =1 m/s.

The energy balance equatious relative to the unity sutface area of each leaf-layer are:

(s +8/ Ja (B4R Ja-20 08,0, T +
. . . . . 1
R R TT e /A YN S E M

Ry Dy,
with:
S T(Silil +pS/ )f (2)
st = (st +ps)f (3)
/),F [O’ol]l Fr( i] +IT14) ’(PL] +IP )] (4)
B = [00771 Fy, (7 11 +’Ti4)+f(/’.'il +rP )]g (5)
I 1
/= 2> &% 2 (6)
1-p* 1-r
a=Fa;, p=Fpy, t=Fy 7, +(1-FL) (7)
(1=FL(1/‘, F=FLI‘/" ’=FL,L+(1_F{,) (8)
where: -

- S¥ and &', are the specitic overall solar radiative powers tespectively incident on the outer side
and the ioner side of the i-th layer, due to multiple reflections among leaf-layers and the
extemal surtace of the wall, whose cxprcssions are determined accouliug to the procedure
sketched in Fig. (3), which specifically refers to the calculation of 8" ;

- P and P’; are the specific overall leaf-emitted and wall-emitted radiative powers respectively
incident on the outer side and the inner side of the i-th layer, due to the above mentioned
wultiple reflections, whose expressions are determined according to the procedure sketched in
Fig. (3), which specifically refers to the calculation of P, ;

— oo is the Coblentz constant, equal to 5.670x10™® W/(mzl(d);

— 11, is the average leaf emissivity for wavelengths larger than 2 pum,

— R; and R; are the thermal resistances of the adjacent air layers located respectively toward the
outside and toward the inside with respect to the i-th leaf-layer position,

— Dy, is the total resistance of the leaf diffusion pathways;

— A(T)) is the latent heat of vaporization of water at the temperature of the i-th leaf-layer;

— x, is the concentration of water vapour in the {ree air,
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Xso(T3) is the concentration of water vapour in the saturated air layer adhering to the leaf
surface at the temperature of the i-th Jeaf-layer;

au, prand 7, are the average leaf absorptance, reflectance and transmittance for sunlight of
wavelengths 0+2 pum;

a, , rrand ¢, are the average leaf absoiptance, reflectance and transmittance for wavelengths
larger than 2 pm.

For the |st leaf-layer the following conditions must be assumed in Eq. (1):
TO = Ta ’ )

while Eqs (2) and (4) must be replaced by:

St =w (10)
I 4 4
P” =00 pTpr =00l » (11)
where:

hey; 1s the coefFicient of convection heat transfer with external air calculated as a function of the
wind speed v, [12]:

hep =57+38v,,  [WIMK)] (12)

T is the extemal air temperature;

W is the specific total incoming solar radiation;

77r-is the emissivity of the external environment, assumed to behave like a black-body;
Tz 1s the mean radiant temperature of the exterval environment assumed equal to 7,,.

For the N-th leaf-layer the following conditions must be assumed in Eq. (1):

1 .
Ry =—o1/, Tna=Two, (13)
hCI .

while Eqs (3) and (5) must be replaced by:

7 4 ’
Sy =towSks (14)
1 D
Py = [UO('HVTI?’O +"WFI,"LTI?I}*'”WPAII:]g' (15)
with:
’ 1 ’ l
f = , g'= (16)
1=ppy I=rny
where:
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- Jiy s the coellicient ol convection heat transfer with the air located between the leaf cover and
the external sutlace of the wall:

= Thais the temperature of the external surface of the wall (x=0):

~ aw and gy ave the average wall absowptance and reflectance for sunlight of wavelengths 0+2
pm;

- au and rirare the average wall absorptance and reflectance [or wavelengths larger than 2 pun;

— 1w is the average wall emissivity for wavelengths larger than 2 pm.

‘The energy balance equation relative 1o the onity sinface area of the wall, under the
assumption of homogeneous and isotropic material, is:

AT o1
3 = (17)
ox a T
with the [ollowing boundary conditions:
aSE S ay [“n(" 1 '/lit‘)"’//’.G ]ﬂ' ~ooTy +
. 18)
o 7 (
+hey (7{: - 7.\') = ke at x=0
4 x=0
S T
I (Te =T )=k - at x=s (19)
Xy

where:

-« is the thermal difTusivity of the wall material;
ks the internal thennal conductivity of the wall i teriai:

— /yis the sum of the convective and radiative cocflicients of heat transfer with the indoom
ambient;

— T is the indoor temperatire

The system of the goverming cquations (1) and (17) with the boundary conditions (9)-(11),
(13)-(15) and (18)-(19) has been solved numerically through an implicit finite-ditTerence algorithm
developed by thie authors, which allowed us 10 determine the temperature of each leaf=layer and
each discretization node within the wall at cach discretization time interval, thus permitting the
evaluation of the daily time-distributions of the incoming thermal powes

The analysis has been couducted for ditferent values of the average leal absoptance o
between 0.3 and 0 8, leal transmittance 7; between 0.1 and 0.5 and leal rellectance g, between
0.1 and 0.6; for difletent values of the above delined areic covering factor [ between 0.7 and 0.9
tor dilferent values of the ratio 1, /1, of the diflusion resistance of saturated air at the leaf
temperature with the leaf total diffusion resistance between 0 and 0.9: for a number of leal-layers
between 0 aud S, thus considering also the case of unshiclded wall; for different masses of the
wall. The value D,/ = 0 may be considered as the limit casc of non-vegetadle shiclds adoption
(1)) —» oo), thus permitting the evaluation of the cftectiveness of the leal transpiration process on
the thermal performances of the shiclding cover.
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Fig. 5 - Dimensionless daily energy vs.dimen-
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3. Results

The distributions of the ratio £;/E,between the daily incoming thermal energies in the presence
of leaf cover and in the case of unshielded wall are plotted in Figs (4) through (6) against the ratio
D./D;, between the diffusion resistance of saturated air at the leaf temperature and the total
diffusion resistance of leaf, for an average-mass wall and different values of: the average leaf
absorptance and transmittance {or sunlight of wavelengths 0+2pum, the areic covering factor and
the number of leaf-layers. Simulations of the thermal behaviour of low-mass and high-mass walls
have practically given same incoming energy distributions, thus showing that the vegetation cover
elticiency (1- E;/E,) does not depend appreciably on the thermal inertia characteristics of the wall.

‘I'he analysis of the results allows us to point out as follows:

a) The contribution of the average leaf absorplance for solar radiation to the leaf cover thermal
performances reduces as the global transmission of the vegetation cover for solar radiation
(evaluated in terms of average leaf transmittance, areic covering factor and number of layers)
ancl the leaf diffiision resistance reduce. Within the bounds of the cases analyzed, for average
difTusion properties the contribution of the leaf absorptance o, shows almost negligible when
the vegetation cover consists of more than (hree leal-layers: this could be explained by noticing
that, when the thickness of the leaf cover increases, only the outer leaf-layers interact with the
incident solar radiation, thus carrying on their optical filtration function, while most of the
deeper leaf-layers act like radiation shields to the energy from outside.

b) The thermal efficiency of the leaf cover increases as the number N of leaf-layers, the areic
covering factor f and the ratio D,/D; increase and as the average leaf absorptance «; and
transmittance 7, lor solar radiation decrease, with global per-cent reductions of the daily
mcoming energy between 20% (case of one leaf-layer, /;=0.7, 7;=0.5, «;=0.4, D.,/;=0.9)
and 97% (casc of five leaf-layers, £7=0.9, 7;=0.1, ¢,=0.3, D,/D;=0.9) in compatison with the
case of unshielded wall, with reference to the lowest value of the leaf diffusion resistance taken
into account.

c) High values of the leaf diffusion resistance coupled with given values of the global
transmittance of the vegetaticn cover for solar radiaction may result in a larger daily fiicomiiig
enetgy rate with respegt to the case of unshielded wall, as by example it happens to case “3” of
Fig. (4). This derives firom the relative impuitance of the different thermal effects due to the
presence of the vegetation cover: the positive effect following the solar radiation shielding and
the ncgativc cffect following the wall reradiation shielding, which allects the Lransient thermal
behaviour of the wall.
Same daily incoming energy rates may be obtained with diflerent combinations of thermal and
geometrical properties of the vegetation cover: as an example, this substancially happens to
case “1” (F,=0.9, 7=0.1, =0.3, p,=0.6, D,/D;=0) and case “2” (F;=0.7, 1,=0.3, ;,=0.6,
£1=0.1, D/ D;=0.9) of Fig. (4): in the absence of the transpiration process contribution, lower
values of absorptance, areic covering factor and transmittance are necessary to obtain the same
incoming eneigy value. In order to analyze the different thermal behaviours of the system in the
above considered cases “1” and “2”, the time-distributions of the dimensionless temperature:

d

~

= Tine
T‘il'lt

® (20)

of the outside air, the leaf cover, the external and internal surfaces of the wall, respectively
denoted by O, , ©, , Oy and Oy , are plotted in Fig. (7) and Fig. (8), where the time-
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Fig. 9 - Dimensionless temperatures vs. time for cases “2™ and “3”
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distibutions ol ©*5 and O*ys for unshieclded wall are also reported. It can be noticed that in
the absernce of the plant transpiration process (case “17") the leaf temperature is higher than the
outer wall temperature for most of the day. On the contrary, when transpiration occurs (case
“2), the leaf temperature is always lower than the outer wall temperature, with the cetsequent
eflect of balancing the larger rate of solar radiation absorbed by the wall (due to the higher
value of the global transmission {or solar radiation of the vegetation cover); furthermore, due
to the low value of leaf difTusion resistance pertaining to case “2”, the vegetation is also coole1
than the outside air {or most of the day.

The thermal efficiency of the vegetation cover increases meaningﬁllly as the leaf diffusion
resistatice decicases: under saiic other condilions, as the vatio 2,,/D, incrcases from 0 to 0.9,
per-cent reductions of the daily incoming energy up to 60% are achieved. In order to Inghhghl
the contribution of the transpiration process to the leal cover thermal performances, the time-
distributions of ®,, ®y¢ and Oy relative to case “2” and case “3”" (same solar radiant power
incident on the external surface of the wall) are reported as an example in Fig. (9). It can be
noticed that, due to the diffusion phenomenon, the leal temperature pertaining to case “2" is
sensibly lower than that relative to case “3"', trom which an approxunate 30% reduction of the
daily incoming energy derives,

4. Conclusions

The theoretical model developed has permitted the examination of the thermal behaviour ol

plants with rather diflerent radiative and diflusive propeities which shield external building walls
of different masses in summertime climatic conditions. Within the boundaries of the cases
investigated and the above cited limits of the model, a lcaf cover with average spectral and
transpiration propeities shows to provide a remarkable reduction of the average and instantaneous
incoming thermal (luxes - and then the energy required to keep indoor comfort conditions - iu
comparison with the cases of total absence of protection or precence of non-vegetable shields.
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Passive Evaporative Cooling: the PDEC project

Alfio Galata, Salvo Sciuto
Conphoebus s.c 1.l - Zona Industriale, Passo Martino 95030 Catania, Italy Fax. +39 95291246

ABSTRACT

Europe is having a major impact on electricily demand. Passive Downdraught Evaporalive Cooling
(PDEC) techniques offer significant potenlial for reducing the energy demands for cooling of non-
domestic buildings in hot dry climatic regions. Air can be delivered by capturing the wind within a
tower, and cooling may be achieved by spraying microscopic droplels into the airstream. With PDEC
cooling process, the air temperature may be reduced by 70-80% of the wet-bulb temperature
depression, providing the potential for very significant cooling in hot dry climalic regions. While the
potentlal of this techinlque has been aiready demonstrated, the cooling capabiity and indoor comtort
have yet to be assessed, to promote a wider application lo non-domestic buildings. To investigate the
PDEC system, a lhree-years research is performing by a multi-disciplinary European Consortium, In
the frame of the European Commission JOULE Il programme. This paper will illustrate the PDEC
Experimental Test Facility, and the experimental measurement campaign to inquire on the cooling
capability and indoor comfort

1. Approach

Significant efforts have been made in Iiterature to reveal [1] the cooling loads of offices and
commercial buildings, while research activities [2] have demonstrated passive cooling
techniques offer a considerable potential for reducing fossil or fuel energy demand. Wind
towers and chimneys have been largely adopted in buildings to catch the wind at higher
elevations for natural ventilation, indoor air quality and free cooling for centuries [3). The wind
catcner apertures are oriented In the directions where wind is prevailing; part of the air
entering the tower spread out in the living spaces, due to pressure coefficients difference.
The portion of entering air is partially used to cool the building structure. With heavy
structures the energy storage plays an important role in praviding thermal comfort during the
following hours.

Catching the wind and direct it into an evaporative tower, a cooling effect can be achieved by
spraying microscopic water droplets into the airstream. This technique, already adopted [4]
as prototype for cooling outdoor spaces, at the Seville EXPO '92, realizes a passive system
and don't require any energy to operate.

The principles of passive downdraught evaporative cooling system (PDEC) have been
studied through mathematical models in order to calculate the outdoor conditions (dry and
wet bulb temperatures, relative humidities, air flow patterns, system cffectiveness) for
different input conditions (geometry, outdoor weather conditions). Theoretical studies and
simulation results have been used to correctly dimension the PDEC equipment and to
provide guidelines for architects, engineers, designers and consuitants of cooling systems.
While the potential of this technique has been already demonstrated, the cooling capability
and indoor comfort have yet to be assessed, to promote a wider application to non-domestic
buildings.
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2. The PDEC project.

To investigate the PDEC system and explore the application inside non-domestic (new or

refurbished) buildings, a three-years research is performing by a multi-disciplinary European

Consortium, in the frame of the European Commission JOULE Il programme.

The project is co-ordinated by the De Montfort University (UK) and Conphoebus (1) is partner

together with University of Malaga (ES), Microlide (F), Mario Cucinella Architects (F) and

Short&Ford Associated (UK).

The partnership activities cover three main areas: Architectural Design Studies (ADS),

Building Performance Assessment (BPA), Experimental and Monitoring (E&M) to finalise the

following project objectives:

« establish a technical and financial feasibility of PDEC systems;

e monitor and optimise the performance of PDEC systems;

e stimulate interest and illustrate the application of PDEC products in energy efficient
refurbishment and new buildings;

e quantify and compare the overall energy demands of PDEC and non-PDEC buildings;

« explore the applicability of detailed simulation models and the accuracy of their predictions
for PDEC buildings;

e assess the indoor thermal comfort in PDEC buildings;

e produce a PDEC Design Guide for architects and engineers.

To realize all these objectives, ADS will produce a design of an Experimental Test Facility

and two case studies of PDEC system integration in building refurbishment; BPA will be

involved primarily in thermal and airflow simulations, cooling and electrical loads evaluations,

thermal assessment comfort in the living space; E&M will carry out several experiments on a

full-scale Experimental Test Facility, in view of the characterisation and the model validation

of the PDEC technique

3. The PDEC Experimental Test Facility.

4.4m x 10.7m) and two rooms (6m x 3.6m x
4m), connected to the tower on the south-
north sides.

A wind catcher (light metallic structure
supporting two bent elements, symmetric
respect to the north-south axis) is mounted
on the top of the tower to catch the wind.
This component has two apertures (1.7m x
3.7m) on the east-west sides, according to
the meteorological prevailing wind direction
of the site (figure 2). In order to better
regulate the wind speed coming into the
The PDEC Experimental Test Facility has tower, two moveable louvers are mounted in
been erected on the Conphoebus test site, the wind catcher apertures,

located in Catania (37.5° latitude, 15°

longitude) and consists of a tower (4.1m x

xperimental Tesl F
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Just below the wind catcher, a straightener
is installed to convey the air flow patterns
towards the microniser spring system.

.,

L 3
R

S
4 "
S
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Figure 2 - Prevailing wind direction at the
Conphoebus lest-site.

The wind catcher and the straightener
designs have been achieved through
scaled down wind tunnel experiments.

The microniser spring system consists of
five independent circuits composed of
variable number of nozzles, each one with
a water flow rate of 6 litres/hours. This
arrangement gives the possibility of
injecting water from any number of nozzles
from 1 to 31.

Figure 3 - External windows

4. Experimental activities.

External windows (figure 3) are installed in
the glazed facade of the rooms, and are
composed of four openings, two at the
upper part of the frame and two at the lower
part of it. These openings are operate
through a swinging pane which is opened to
outside up to a certain maximum angle
around an upper horizontal axis.

Figure 4 - Internal windows

Internal windows (figure 4) allow the air to
flow belween the tower and rooms. The
window is composed of twelve openings
(three horizontal x four vertical) and has
much more possibilities of mounting and
openings. They can be opened to inside
(room) or to outside (tower) through a
swinging pane around ils upper or its lower
axis (four operating possibilities for each
opening), with an adjustable aperture angle.
In the room south suspended ceiling and
floating floor with two ventilation grills are
also installed

The experimental campaign of measurement on the PDEC system will be carried out during
the next summer to perform full scale measurement on the tower/micronisers and on the
complete PDEC experimental building. The overall set of experiments are intended to cover
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the different requirements for model validation, components design and characterisation,

control strategies, comfort assessment etc

The comprehensive knowledge of the physical phenomena which constitute the rules of the

PDEC functionality will allow to understand:

o the relationships between wind speed and wind direction with the mass flow of the air
outside the wind catcher;

o the temperature and humidities profiles and air patterns across different section of the
tower;

e the thermal comfort inside the rooms (temperature and humidities profiles and air patterns
at different levels),

o the cooling capability of the microniser rings as function of the size of droplets, of the
contemporary operating nozzles and of their position into the tower,;

o the control strategies to optimise the cooling and ventilation performances of the system.

All these activities ought to improve CFD/thermal algorithms and ADS, and will constitute a

knowledge base for PDEC systems and confidence in this technology.

5. Measurement Sets.

Measurement sets will be finalised to;

e Airintake zone (wind catcher, louvers);

e Cool air production zone (micronisers)

e Ajrdistribution zone (elements of coupling between the tower and rooms);
e Occupied space zone (air flow inside the rooms and air outlets the rooms).

All the measurement will regard the external meteorological conditions (solar radiation, wind
speed and direction, dry and wet bulb temperatures, atmospheric pressure), the inlet, internal
and outlet tower conditions (air velocities, dry and wet bulb temperatures, pressure
difference), the environmental room conditions (air velocities, dry and wet bulb
temperatures). Continuos monitoring of the physical magnitudes and control strategies will be
performed with short/long terms experiments having the following objectives:

o to test the effectiveness of the evaporation and accurately define the size of the
evaporative zone;

« to explore the cooling capability of the tower, independently of the rooms that will be
served and the number of contemporary operating microniser need for the required
cooling production - for fixed diameter of the nozzles - without fog (of water);

 to define the transient time between the starting injection of water and the cooling regime;

e to characterise the air pattern inside the tower, eliminating any risk of up-draughts (system
going into reverse).

Moreover control strategies would be studied for ensuring a required volume flow of air, a

required evaporative cooling effect, the fast response at variations of the wind velocity to the

control mechanisms.

All possible configurations, by combining all the possibilities of the wind catcher apertures,

internal and external openings, number of operating micronisers, will constitute the short/long

terms measurement set of the PDEC Experimental Test Facility.
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Since the purpose of the experiments deals with air flow phenomena, the variability of the
experimental variables can be extremely high (specially with variable wind conditions)
Therefore, few seconds should be the frequency of monitoring, while the stored values will
be the average of the sampled values over the whole acquiring period.

The position of the sensors will be fixed for some of them (meleo sensors, control variables,
etc.) and movable for the others, depending on the test performed. The position of the
movable ones will be explicilly mentioned in each test.

Special attention will be focused for the accuracy and reliability of the measurement of air
velocity inside the tower, due to the probable presence of droplets of water in the air. Visual
techniques such as smoke trials, tell-tail (e.g. of papers) or tracer gas would help to visualise
the level of turbulence as well as the speed and air movements

6. CONCLUSIONS

The experimental campaign will provide as much information as possible about the
performance of the PDFC systems and will allow to:

e |earn about the behaviour of PDEC systems;

« validate the models developed to predict PDEC system's performance;,

o derive useful design rules for the PDEC Design Guide;

« implement control strategies for a proper operation of PDEC systems.
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ABSTRACT

In the framewark of the research activities of the Depastment of Energetics of the University
of Ancona, in the field of solar ponds, and of the Department of Nuclear Engineering and Energy
Conversion of the University of Rome “La Sapienza”, in the field desalination technology
development, a co-operation has been established to evaluate the performance of an innovative
titanium manufactured desalinator, in combination with solar energy sources (a salt gradient solar
pond coupled with plane solar collectors). The co-operation research program has three main
aims:

I the improvement of the economics of solar desalination, namely desalination of water through
operation of solar ponds;

the demonstration of thermal performance, maintenance and chemical requirements, reliability
and overall costs of a full-titanium desalinator, through operation of a plant of meaningful size,
in order to disseminate the technology of full-titanium desalinators in the electric-energy
production industry, for utilisation in co-generation units; .

3. the improvement of knowledge regarding the industrial-size utilisation of heat recovery from

highly corrosive fluids.

o

L. INTRODUCTION

The demand for steady, economical supply of water is constantly increasing all around the
world, and supply oflen does not equal the present needs. This problem will be more and more
important in the future. When all the possibilities to solve the water supply problem (control of
consumption, consetvation, improved distribution and storage, purification and reuse, new
sources, etc.) have been ruled out for various reasons, desalination is an attractive alternative.

In particular, the potable water needs of arid lands, as in developing countries, are partially
satistied with desalted water, but water accessibility to remote areas is very limited and expensive.
Since these lands have generally a very high solar insulation, solar desalination can be seriously
considered to satisly water nceds in remote areas. Salt gradient solar ponds may be an
economically viable method of collecting and storing solar energy to supply heat to several types
of desalination systems

Among the various desalination technologies, only those based on a thermal principle of
operation must be considered in combination with solar ponds. A low-temperature multi-eflTect
process is very suitable to be combined with a solar pond for the following reasons:

e the temperature of the heat source supplied by the solar pond (60+75°C) matches with that
required for low temperature ME desallers operating at a top brine temperature of 50+60°C;
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e the ME desalting system is very flexible to change in energy supply and operates in stable
conditions under variable heat supply conditions (temperature and flow rate);

e the ME process is economically suitable in limited sizes of production;

o the ME plant may be operated as a vapour thermocompression plant if improvements are
included during the design.

A scientific co-operation between the Department of Energetics of the University of Ancona
and at the Department of Nuclear Engineering and Energy Conversion of the University of Rome
“La Sapienza”, with the support of of the desalinator designers and manufacturers, has been
established to evaluate the performance of an innovative fuli-titanium desalinator in combination
with solar energy sources (a solar pond coupled with plane solar collectors).

2. SOLAR POND

Solar pond is a fow cost device that combines capacity to collect solar energy and to store it
as a thermal energy to be used for a variety of purposes, including low temperature heating
applications, electric power generation and desalinatiou.

A salinity gradient solar pond consists of an upper convective zone, where a low salt
concentration is mantained near the surface, and a lower convective zone, with saturated brine,
separated by a salinity gradient zone. The densily difference between high salinity solution near
the bottom and the low salinity near the surface prevents natural circulation due to the
temperature difference between the cooled water near the surface and the warm, high salinity,
water near the pond bottom that is denser than the cool water The intermediate zone, where salt
concentration increases with depht, is called gradient zone: it reduces natural convection from the
lower convective zone and provides the thermal insulation of storage layer, reducing thermal
losses to the atmasphere. In this manner the lower zone is a solar collector and operates, with
temperature approaching 90°C, as a theral energy reservoir to supply energy at a constant rate
in every season,

Salt gradient solar pond research started at the Department of Energetics of the University of
Ancona in the 80’s and begun with the construction of a little 12 m* experimental solar pond.
Following encouraging results with first experiment and ulilizing the experience gained during the
construction and operation of the small solar pond, in 1986 was constructed a larger pond [7] to
be used as a research facility to examine essential aspects of solar pond operation as thermal
energy management, stability control and to provide hot water to heat buildings.

A farge tract of land in the area of the renowable energy laboratory was available for
constructing the solar pond that has an average collecting area ol 625 m* and the depht is 3.5 m
with the storage zone starting 2 m from the hot surface level. To minimize construction costs, the
design consisted of a 2 m deep excavation and the construction of a 1.5 m high berm giving a
total pond depht of 3.5 m and a side wall slape of 1:2 was selected to prevent soil instability.

The 1 mm thick EPDM sheeting for pond lining was decided because of its characteristic to
retain its physical properties under adverse climatic conditions. The thermal storage zone internal
heat extraction system consists of [our separatcd crosslinked polyethylene pipes wound as a spyral
submerged below the interface between the convective and salt gradient zones and each fixed to
cover one quarter of pond area. It should be observed that this kind of the pipe shape permits a
more uniform heat removal from the storage zone reducing the horizontal temperature gradients
and the hazard of erosion of the salt gradient vegion,
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3. ME-TC DESALINATION SYSTEM

A desalination technology based on a thermal principle, which fits very well with the
utilization of a residual heat at low temperature, and in plants of limited size, has been developed
The technology refers to the processes of steam compression through ejector and of multiple
effects, and utilizes one of the two processes depending on the availability of different energy
sources

The utilization of solar heat stored in solar ponds has been tested in the past. For this
purpose, a prototype of desalinator was designed and built in 1989, with a production capacity of
10 m*/day, which has been producing pure water from sea water, utilizing the solar heat of the
solar pond built by AGIP PETROLI at Margherita di Savoia (Italy) [2, 3].

Thetechnology especially satisfies these requirements:

e need of very pure water, both for agricultural aims and for industrial ones, with stable and
reliable characteristics (this requirement excludes the utilization of reverse osmosis);

¢ need or opportunity of utilization of residual heat, at a temperature higher than 60-+70°C;

e need of limited-size plants (up to some thousand m'/d), typically for water supply to small
towns, industries, dry areas with availability of salted or saltish water.

The tull-titanium desalination unit was built in the framework of a project partially financed
by the EC (contract THERMIE n® SE 303/94 IT), concerning the design, optimisation,
construction, assembling, start-up and exlensive monitoring of the full-titanium desalinator, with a
production capacity of 30 m*/day. It is the first full-titanium desalinator in the world [4], with a
meaningful size and fed by a high salinity heating fluid. The operation tests will take place at the
site of the Solar Pond of the Department of Energetics of the University of Ancona, Italy. Data
collected during manufacturing tests and most of all during the start-up and the operation of the
plant, under various conditions and alignments, will be useful for the improvement of the know-
how on heat recovery with highly corrosive media, on co-generation plants aimed at producing
electricity and fresh water, on desalination fed by solar energy. A main output of the project is the
assessment of data which will allow to compare the additional cost of the full-titanium desalinator
with respect to a traditional technology, with the benefits of: i) a better heat transmission through
tube bundles, which means a better performance; ii) a reduced requirement of chemicals and of
maintenance activities; iii) an improved plant reliability and duration. A careful fluid dynamic
analysis of the falling fluid on the tube bundles will be performed during the first phase of the
testing activity, in order to maximise the improvement of heat transfer coeilicient due to reduced
touling, and theretore the improvement of heat performance.

The type of the desalination plant described is based on thermal principles of operation.
Multi-effect (ME) and thermocompressor (TC) processes have been selected to satisfy the need of
obtaining drinking water at low and medium capacity of production (up to 30005000 m*/d), with
low installation costs, high availability and operational flexibility, Furthermore, these two
processes may be realized with the same plant, because the thermocompression solution utilizes
an evaporator in a multi-effect configuration. Multi-effect process is utilized when low
temperature heat is available (00°+90°C) firom a solar pond or from a steam turbine. Thermo-
compression configuration needs medium-pressure steam (9+16 bar) to operate; this steam is
produced by a vapour generator fed by conventional fuel or by a solar system. In table | the main
process parameters of the desalination plant are repoited.
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The sea waler desalination plant (fig. 1) consists of a multi-etfect evaporator, with i(s
auxiliaries and ancillaries. An ejector vapour compressor allows to operate the plant according tc
the thermocompression process also. The whole desalination installation is suitable for outdoor
installation near the sea shore. Pumps, motors and chemical dosing equipment are located below
the evaporator. The control panels and electrical cubicle are located in the evaporator platform.
The design allows a good access to all components where maintenance, repair and inspection may
be required. The entire plant is designed for simplicity of control and stability in operation. The
plant is capable of operation at reduced capacity from 100% to 50%. Under all operating
conditions the rate of output is controlled from the control board located in the evaporation area.
The feed-water to each elTect is sprayed over the horizontal tube bundles by spray nozzles Their
locations on distribution headers ensure a uniform flow distribution over the tube bundles to avoid
areas of low flow or drying out and the consequent formation of scaling on the tube surfaces.
The evaporator is equipped with all necessary measuring and monitoring instruments to indicate
the necessary parameters for an optimum continuous operation

1 he advantages ol the present technology are the following;
e simplicity and compact construction,
e can be operated with no recirculation;
e low pumping power,
e high performance ratio/unit of installed heat transfer surfacearea;,
e stable operation;,
e low operating labour cost.
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FIG. 1 - Desalination system process diagriam
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4. THE EXPERIMENTAL PLANT

The experimental plant has been erected in the open area of the Laboratory of the
Department of Energetics of the University of Ancona, where the solar pond is installed. The site
is quite far from the sea, and the process water feed to the desalting system is provided by two
20m’ fibreglass tanks where a salt solution will be prepared at a controlled concentration, and a
third tank of Sm" collects Lhe distillate (fig. 2). The saline solution will be used also for the
operation of control of the salinity inside the solar pond. In TC mode of operation the heat source
of the desalinator is a steam generator installed at the site. In ME operation mode, a full titanium
exchanger of the desalinator plant is fed by a closed circuit of hot water, heated using three heat
exchangers, each one connected, respectively, to:

o the solar pond heat transfer circuit [5];
e aflat solar collectors batlery of 60 m’;
o an auxiliary heat transfer circuil

The experimental plant is equipped with all the necessary measuring and monitoring
instruments to indicate the important parameters for an optimum continuous operation and for
data analyses purposes. A great number of thermocouples, pressure and vacuum transducers, flow
meters, conductivity meters and alarms are foreseen and the measured data will be collected. by an
acquisition system and a personal computer for control and future analyses and elaboration.

I solar pond 4 heat exchanger 7 product tank 10 solar collectors
2 boiler S “cold” tank 8 vacuum ejector
3 desalinator 6 “warm” tank 9 fan coils

Fig.2 - The experimental plant

841



TABLE 1 - PROCESS PARAMETERS OF THE FULL TITANIUM
30 m"/d DESALINATION PLANT

MULTI EFFECT

VAPOUR

COMPRESSION

PRODUCTION

1.25 t/h

NUMBER OF EFFECTS

4

HEAT PERFORMANCE

165 keal/kg water

106 kcal/kg water

EFFICIENCY N.A. 5.73 kg dist./kg steam
SEA WATEKR FLOW RA'TE 22 t/h 11 th

MAKE UP FLOW RATE 4 t/h

HEAT INPUT 240 kW at 65 °C 154.7 kW
INLET VAPOUR TEMPERATURE 55 °C N.A,
DISTILLED TEMPERATURE 41.4°C

SEA WATER INLET TEMPERATURE 25 °C

DRAIN OUTLET TEMPERATURE 33C

SOLAR POND EXCH. MAKE UP TEMP 43.2 °C N.A.
THERMO-EJECTOR MOTOR VAPOUR N.A. 218 kg/M, p=10 bar;T=180 °C
EJECTOR OUTLET TEMPERATURE N.A. 60 °C

FIRST EFFECT TEMPERATURE 49.6°C

FOURTH EFFECT TEMPERATURE 34.6 °C

BLOWDOWN TEMPERATURE 35°C
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ABSTRACT:

The solar stills are used to produce fresh-water from sea and brackish water by directly using
unshine.However,these stills represents the best technical solution to supply remote villages or
iettlements with fresh-water without depending on high-technique and high-know-how.

n the south of Algeria,water resources (underground and geothermal) are available,but water has a
:alinity of 2 1o 4 g/L To satisfy population on fresh water,desalination becomes necessary.

T'his paper presents the modelisation and the results of experiments carried out with a capillary film
fistiller installed in the south of Algeria (in a village near Touggourt) for groundwater distillation and
o improve the efficiency of a distiller using solar energy and applying the capil' s effect. This type of
fistiller called DIFICAP(DiIstiller with a Ellm in CAPillary motion)was designed and patented by
R.and C.OUAHES and P.LE GOFF.

[t was found that the cfficiency of this distiller increased with increasing the temperature of the brine
at inlet and also with increasing the intensity of the solar radiation.It depends on other parameters:the
heat loss and the fabric used.Also.the efficicncy can be increased and the cost decreased if the plant
works all day long.This needs a heat storage in large amounts.

1.Author whom all correspondence should be adressed.

1. INTRODUCTION:

The direct use of solar energy is a promising option for eliminating the major operating cost of the
distillation plant.especially in arid regions.where solar radiation is intense.The supply of water in the
most remote arid areas is of great importance for small communities.In descrts,water may be no
available with distances of several kilometers,rain is another rare physical phenomenon in these areas
and underground water in most of the cases is brackish.It is necessary,therefore,to find additional
sources of water.

Solar desalination is a method using the sun’s energy to produce fresh water.In the direct application
of solar energy for distillation.the energy is absorbed by blackened plate covered by saline water and
transparent cover.Evaporation takes place from the saline surface and the vapor condenses on a cooler
surface and collected as a fresh water product. The apparatus is termed*'solar still™.

For certain locations such as remote,arid regions,for example the south of Algeria,where the commu-
nities are poor and where the techniques and tools of water production and distributien developed in
industrialized areas are not always appropriate to be used,solar desalination is admittedly the most
suitable process. The most commonly used device in solar desaliration is the roel-type still[6].This
device,however,has the disadvantage of having low operational efficiency and a Jow production rate
of fresh water.

The present paper shows the experimental research applied to the saharian regions.Our aim is the imp
rovement of the efficiency and a production rate of a fresh water by using the DIFICAP.An energy
balance equation for the different components is wrilten to analyse the performance of the system.

2. THE SOLAR STILL:

Solar desalination of brackish or sea waters is carried out,on a large scalc basis,in greenhouse-type
distillers of which certain practical installations attain several thousand square meters.In these stills,
the solar radiation passes through the transparent cover and heats the horizental bottom of the basin
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on which lies a quasi-stationary layer of water. The water vapour which is given off condenses on th
transparent roof and the droplets which are formed run down to a lateral condensate though.

These devices are relatively simple to build but they present the disadvantage of having low efficienc
In order to overcome this disadvantage,various authors have the water to be evaporated run over
porous gauze up of several layers of jute placed on an inclined support plate[6] and [13].This textil
is several centimeters thick and absorbs the solar radiation coming through the trangparent cover.
Again,condensation of the vapour takes place on the transparent cover.The cost of water produced b
any desalination process depends on the capilal cost of equipment.the cost of the energy and the cost
of maintenance and operation other than energy.In the case of solar stills,the cost of energy is a ver
small fraction of the total,since the energy other than solar is only that required to operate pumps an
controls. Thus,the major share of the water cost in solar distillation is that of amortization of th
capital cost.The production rate is proportional to the area of the solar still so that the cost perunitc
water produced is nearly the same regardless of the size of the installation.Solar stills of differer
designs have been proposed and investigated to maximize the output of distillate.The efficiency of th
solar stills can be enhanced by:having the liquid surface,placed at optimum inclination to receiv
maximum solar radiation;placing the wransparent glass cover ol the solar still parallel to the wate
surface to minimize reflection losses and having low thermal capacity of saline water which i
irradiated and heated by the sun.

As solat stills ate low production wols per square meter,the installation surface arca is relativel
large.In remote and arid zones,where land is available either free or at a very low cost,the use of sola
stills is rccommended.ln these stills,the solar radiation passes through the transparent cover and heat
the horizontal bottom of the basin on which lies a quasi-stationary layer of water.The water vapou
which is given off condenses on the transparent roof «nd the droplets which are formed run down't
a lateral condensate through.

3. THE CAPILLARY FILM DISTILLER (DIFICAP):

3.1 Description of the Apparatus:

The capillary fihn distiller,as the multiple effects distiller presents the advantage of the reuse ot
vapour condensation heat to evaporate anothee quantity of water, T his type of distilier was designe
and patented by R.and C.OUAHES and P.LE GOI'F [12]:Instead of a thick spongy labric.thes
authors propose a very thin fabric comprising a single.finely woven layer.This fabric is held i
contact with the over-hanging plate through the interfacial tension which is much greater than th
force due to gravity.A capillary film is formed at the plate-fabric interface. This explains the name o
the devices Dlstillateur a Fllm C.APillaire.In a different version of the apparatus,the support plate is ¢
transparent glass. The fubric,a very thin layer of a porous gauze,will directly absorb the solar radiatio
Several such stages cin be grouped together in series,as proposed by COOPER and APPLEYARI
[4]. Thus.ahe back face of the first stage condenser plate serves as the evaporator of the second stage.
In its theee-stuge versionthe DIFICAP is composed of three identical evaporation-condensation cells
in thermal series.The hew dissipated by the condensation of steam on the metal plane is used on th
back face of the plane for the evaporation of an equivalent quantity of water.Sun energy is thus use
three times in succession.The difference in tlemperature between plates in each cell is 5 to 10°C.

natural thermal convection:hot air rises along the lot wall and comes down along the cold wall,whic
provokes a large circulating movement throughout the cell. If T, and Ty are the temperatures of the hc

plate and the cold platc of the ccll respectively. The difference of temperatuies between the two plate
1s:AT=T-Tg ,the mean temperature is:T,,=(T.+Tf)/2 .The transferred heat flux is represented by th

classical relationship: ¢ = h(T,-T¢) in W/m2 . Where the transfer conductance h is expressed as
function of the Nusselt and Grashof numbers.Nu =he/A= A (e/L)™.(Gr:Pr)" h = (A/e).Nu

2 . :
=(A/e).A (e/L)" (GrPr) ,where Gry = (gcos 6 e”B AT)/v* = (gcos B 63)(Ap/p) /v2

-If,as well,some water evaporates from the hot wall and condenses on the cold wall,this larg
circulation movement then transports molecules from one wall to the other.As a result,there is
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ipplementary heat flux.transported by this evaporation-condensation.This flux is given by:
M = 0T (LV/pCp)(D/'a)q(CC—Cf)/('I‘C—Tf) where L, is latent heat of waler.
As well as the natural thermal convection,there exists a phenomenon of natural mass convection due

» the fact that the volumic mass of the water vapour is less than that of the air.Thus,near the
vaporating wall,the water vapour lighter than the air rises;on the contrary,it descends near the

ondensing wall. This second significant circulation motion produces a thermal transfer flux ¢’y in

ddition to the previous one.This flux is expressed by the same relationships as those given
bove.but as a function of a second Grashof number in which the variation in volumic mass is related

) the variation in molar concentration of the water vapour Ay and no longer to the temperature

ariation AT: Gryg= (gcos 6 63)(Ap/p)M /v2=((gcos 0 63)/V2)(paslpam)(1—18/29)Ay

[n comparison with natural thermal convection in dry air,natural convection in humid air,with
vaporation-condensation,thus provokes an apparent increase in the heat transfer flux,given by the

ollowing ratio: B=(¢p+¢ 1pn)/ 0T = ]+(L\,/DCP)(DC/DT)((1+(GFM/GI‘T))“

.3 Heat Balance Equations:

1 order to write energy balance equations for the components of the system at the level of one
tage,the following assumptions are made:The thermal losses on the sides arc negligible,the tempera
re of each plate is uniform,the thermal losses by conduction are negligible,the form of condensation
; dropwise,the water filim of the evaporator is very thin,the {raction of energy absorbed by the glass
over is insignificant and the stcady-state flow exists at the entrance of the still.

Inder these assumptions,we can establish the following thermal balances:

At the cover:The energy received by the first plate is converted in energy which is stocked in the
over (thermal inertia) and converted in energy evacuated on the exterior (radiation and convection):

M, CydTdt = L0ty +Tyfe] ) Hhe 1y (T Ty) +eg |y ST Ty 4)-hy o (T, -T,) -8, (T, 4T, %)
At the absorber-evaporator:The solar energy absorbed by the first plate is converted on energy

xchanged with the glass cover and the second plate(radiation),convection with the cover and the
econd plate and evapowation of the brackish water on the second face of the first plate and sensitive

eat due to concentrate brackish water: M, CodT/dt =](')tv(’~cl*"“eucen(rc'Tcu)’eel-vo(']‘c4'Tv4)'
4 4 R e

e1-c10(Te - Te™)- hepy(Te-Ty)-hy o(Te-Te) - DLy

At the condenser:T'he energy rcceived by the condenser is converted on radiation and convection reje

ted at the exterior: MCodTdt = DLyg+he (T T +Een 00T T ey (T Ty)- £epo(T AT, 4

CEXPERIMENTAL SET-UP AND TESTING:

he solar still assembly,which has been designed for experiments,is given in Figure 1.This device
vere built,with three stages and of dimensions Imx(.5im,it is functioning under solar irradiation in a
illage near Touggourt(Sahara). The four plates are of aluminium,pluced four em apart.The first plate
5 an absorber at the first face and is an evaporator at the second face.T'he second plate is a condenser
t the first face and is an evaporator at the second face. The fabric is porous gauze and the absorber is
ainted black. The capillary wicks of equal or almost-equal length,stick out above the inlet trough,fed
y a constant level of brackish water. The feed flow-rate of the system,who is constant and
ptimum,is controlled by adjusting the water level in the inlet trough.To maintain a constant level in
his trough over a long time period(a (ull day),a system of automatically controlled valves could be
nstalled,such as are very common in the developed countries.However,with the idea in mind of a
nore primitive system,reparable and even constructible in a village of a developing country without
=chnical backup,we propose using the old system of the Mariotte cell,that calls for nothing more than
recipient and two pieces of pipe.Brackish water to be distilled streams slowly within a thin fabric
absorbent gauze) sticking to the ceiling of the cell by capillarity therefore on the back face of the wall
cated by the sun rays. The technology of the DIFICAP,as described above,is covered by a patent.

W RESULTS AND DISCUSSION:
“he modelisation of the DUFICAP permits to develop a computer program to calculate unknown
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temperatures and flow rates at each effect for a given set of parameter. A typical result is shown
fignre 8 .(temperature vs. time, D, flowrate at inlet. T,:temperature of brine at inlet).

The experiments were carried out under solar irradiation at Experimental Station in a village ne
Touggourt (in summer,with an outside mean iemperatare about 35°C).1In these experinents.the feed
the groundwater(the temperature is about 65°C at source). The steady state flow was obiained al'ter

about 30 minutes.In experiments,the incident fluxes was increased by reflection on lateral mirrors,

5.1 Thennal losses:

The liquids(distillates and concentrates) leaving the plates are at a temperature close (o that measur
in the centre of each plate. The non-negligible thermal fluxes carried away by the liguids repres
thermal losses for the systeni.Furthermore,losses by radiation,and particulary by conduction throu
the metal supports.are important (ahout 20% of the distillate (Tux).

5.2 The distitlate production :

Figure 2 and figure 3 show that the distillate preduction increases with the time during the day a
attain the maximum at 13 h (afternoon),after this time the distillate production decreases because t
incident flux decrcase.It was of interest to compare the two figures,the distillitte production incre:
when the number of stages increase.In figure 4 and figure 5 we can see that the distillate producti
increases when the temperature of the brine Increase: at inlet.

5.3 The efficiency of the distiller:

The evaporation efficiency of each stage is defined as the ratio of the flux really utilized for
evaporation to the captured incident flux.the latter coming either directly from the radiation for t
first stage or from the preceeding stage for the second and third stages.The conversion rate
distillation is defined as the ratio of the distillate production to the feed of water.Figures 6 and7 she
that the efficiency of distillate production increase when the temperature of the feed increasing.

6.CONCLUSIONS:

Because lile was created in water and there is no life without water,the solar distillation s pw ticul:
well adapted to give drinking water to small villages and isolated dwellings.

In the Saharian regions.it is interesting to use the DIFICAP which is ncither heavy,nor brittle,r
cumbersome  and consumers no electricity but is hardy and high-yield solar apparatns.

The present study concludes that the distillate production can be augmented when the temperature
the brine increasing. The efficiency of the DIFICAP depends on the temperature of the feed water a
the intcisity of solar radiation. 'ereus gauze i 2 good fabric for to form the capillary film We ¢
obtain a sufficient production of distiller water with this type of tissue.

Our research etforts are aimed in three directions,through increasing the number of stages,the ntiliz:
tion of lateral reflectors to increase the incident flux,and a better optimization of the dimensions so
to reduce losses.

NOMENCLATURE: a:absorbitivity (or solar radiation[-],A:thenmal conductance(W/mK),p:volun
|1ulss(Kg/1113),(5:S(ephan»Bollzmann constant, T:transmitivity of cover|(-],7=D ¢/, (%):conversion rg

q)i:incidcnl solar qux(W/mz),q)ub:absorbcd solar flux.([)e C:evap01‘alion~c0ndcnsntion ﬂux(W/mz) i
emission fiactor.D:mass flow of distillate,D:rate of evaporated water per unit of m‘ezl(l(g/mzh).l():in\
dent solar1'udiali0|1(W/|112).Lvi:latent heat of vaporisation of water(J/Kg),T,:temperature of atmosp

re(°C or K), Tg:temperature of distilled water(K),(T,,, Tg):temperatures of cold and hot walls (K),AT
T,-Te:Difference of temperatures between distiller water and brine, T, :temperature of evaporator,

T :glass temperature(K),e:cell thickness (m),h:coefficient of convective heat transfcr(W/m2K)
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FORCED VERSUS NATURAL CIRCULATION SOLAR WATER HEATERS:
A COMPARATIVE PERFORMANCE STUDY

Abdul-Jabbar N. Khalifa
Solar Energy Rescarch Centre, Jadiriya P.0. Box 13026, Baghdad, Iraq

ABSTRACT

An experimental study has been catricd out to compare the performance of natural and
orced circulation domestic solar water heaters. Several measurements have been made for the
wo cases which included; the collector water inlet and outlet temperatures, the mass flow rate,
he tank temperature. the ambient temperature and the solar insulation. 'The main parameters for
he solar collector are calculated for the natural and forced circulation systems. These included ;
he top, back, and overall loss coeflicients, the heat removal factor, the elticiency factor, the
iseful energy gain and the instantaneous etliciency. The comparison showed that the efliciency ol
he forced circulation system could be 35 to 80% higher.

. INTRODUCTION

In natural circulation system, the thermal storage tank has o be located above the
sollector, and water will circulate by natural convection due to density difference. There is no
requirement in the forced circulation system for location of the tank above the collector. A pump
s used to circulate water between the collector(s) and the storage tank which can be located in
his casc at any convenient place. As each system has its own advantages, and disadvanlages a
comparison between the performance of both systems is {found to be of interest.

2. THEORY

The thermal analysis of solar collectors is covered in many solar thermal engineering
publications, see for example refs. ( 4, 5, 6 ) 'The equations which describe the main parameters
and their importance are shown below :

* Top loss coeflicient (U'T)
A coefficient which accounts for the heat loss firom the top surface of the collector due to
convection and radiation, W/m’K,

|
T N , ) SB(Tmp+ Ta)Tmp? + Ta?)
(344 /Tmp)[(‘l‘mp =~ Ta)/ (N4 f)]“ M hw -

"[ep+0.0425 N(1-ep)] T+ [(ZN 4T 11/ eg] N

where :
N : uumber of glazing (= 1).
Trmp : Mean plate (absorber) temperature, K
Ta: Ambient temperature, K
ep : Emittance of plate (absorber) surface (= 0.94)
eg . Emittance of glass cover (= 0.88)
SB :Stefan-Boltzmann constant (= 5.669 10™*), W/m’K"
f=(1-0.4 hw+ 5 107 W) (110,058 N) (2)
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hw : Wind heat transfer coefficients, W/m’K. =57+3.9v
v Wind speed. m/s

* Bottom and Overall Loss Coeflicients (Ub and UL respectively)
The bottom coetlicicnt accounts for the conduction loss through the back of the solat
collector, W/m’K.

Ub = Kius / Lins (‘)

where :
K.t Thermal canductivity of rock woal insufation material (== 0 04), \W/mK
L;.. : Thickness of insulation (= 0.05), ni.

The overall loss coeflicient is given as :

UL = Ut + Ub (1)

* Collector Efficiency Factor (I
A factor which. at a particular place. represents the ratio of the useful energy gain to the
useful energy gain if the collector absorbing surface had been at the local fluid temperature

F'= - e U.L I : = (3)
w{uL[p r(w-D)F]}" '»—Cb"uoinﬁ)") “

Where :

W - Distance hatween riser tubes (== 11 178), m

D . Ouler diameter of the riser tube (= 0.018), m

Di  : Inner diameter of the riser tube (-- 0,014), m

Hfi . Heat transfer coefficient between the fluid and the (nbe wall (= 300 and ‘1500 for
natural and forced circulation tests respectively, ref. (4)), W/m*K

Cb : Bond conductance (taken as infinity bLecause the [ is an integmted pat of the
tube), Wm'K

_tanhm(w—d)/2

1°2 Fin elliciency (6)
m(w-d)/2

where;
m=(UL/k 9"
k : Thermal conductivity of plate material (=204 lor aluminiwm. W/ mk
t: Fin thickness (= 0.0015), m,

* Solar Energy Absorbed (S)
S=TIR (L. a) (7)

where;
HR - Global radiation on the collector plane. W/m’
ta : Transmillance - absorptance product == 1 . a/ [ I-(1-a) rd}
1 Transmissivily of cover (== (1.82)
a . Absorbitivity of plate (== 0.90)
rd : DifTuse refleclion (= 0.08)

850



* Collector Tleat Removal Factor (FR)
A factor which relates the actual useful energy gain of a collector to the useful gain if the
hole collector surlace were at the {luid inlet temperature (111).

=G - exp(-F'  GY ) "

diere:
G'=GCp/ UL
G : flow rate per unit of collector area, k/sm? = m / Ac
Ac: Tolal collectors atea (= 2.84), m?

* Useful Energy Gain (Qu), W
du=Ac FR [S-UL.(Tfi-Ta) ] 9)
* Instantaneous Lfficiency, FAT.
A= Qu/ HR Ac (10)
. EXPERIMENTAL SETUP

The tests were conducted on a south-oriented solar water heater which incorporated two flat
late solar collectors tilted at an angle of 45° and a 170 - litre thermal storage tank. Each solar
ollector has a 1.42 m’ absorber plate contained in an insulated case and covered with a 4 mm
iingle glass cover. The solar absorber is made firom ten extruded aluminium finned tubes.
Copper-constantan thermocouples were used to measure the collector inlet and outlet water
emperatures and the tank temperature using a 0.1 °C accuracy digital electronic thermometer.
I'he global solar racliation intensity on the plane of the collector and the ambient temperature were
ecorded by a nearby automatic meteorological station. The measurements were made at 45
ninute intervals.

A dye-injection method was used to measure (he mass flow rate of the water in the system in
lhe case of the natural circulation system. This method requires the installation of a transparent
lags (ube of a known inside diameter in the flow path. A small quantity of dye is injected in the
low stream and the time which takes the drop to travel a known distance is recorded. From the
measurements of time and distance the velocity and hence the mass flow rate is then deduced.
I'his procedure is repeated at each time interval. In case of forced circulation tests, a circulation
pump, a rotameter and a controlling valve was were located in the downcomer side of the system.

4. RESULTS AND DISCUSSION

Several performance tests of the solar water heater for the two cases were obtained. Fig. |
shows the time variation of the hourly efliciency for the forced and natural circulation cases. 1t is
clear that the hourly efliciency of the forced system is much greater than that of the natural
circulation system. The hourly efticiency for both cases tend to decrease with time due to the
increase in the overall loss coellicient of the collector as the mean absorber temperature is
increased.

‘T'he time variation of the useflul energy gain, the solar insolation on the collector plane and
the ambient temperature is shown in Fig. 2 for a forced and natural circulation test. Despite that
the solar power incident on the lorced and natural circulation systems through test hours is very
close (8505 W and 8759 W respectively as shown in Appendix A), the useful energy collected by
the torced circulation system is found (o be greater by about 68% (5266 W compared to 3122 W
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through test howrs as given in Appendix A). Appendix A conflirmed also that the collecton
cllicicney lactor can be taken constant (1efl (1)) for a given collector design and mass (low rate.

5. CONCLUSIONS

It is found from the tests that the efliciency through warking hours of the lorced circulation
systen was 35 (o 80% higher than that of the natural circulation system. The use of the forced
circulation system may be recommended when the improvement in the system performance allsers
the extra complexity and cost ofthe forced circulation requirements.
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APPLENDIX A

Accunudated useful cnergy gain (Qu) and global solar radiation on the collector (11R),
average collectar efliciency fuctor ('), average top loss coefficient (Ut), average ambicnt
temperature (Ta), and efliciency (EAT), through working hours for the different tests.

date flow Qu Ut I+ HR EfT. Ta
1996 | (g/s) | (W) | (Wh'K) | (W) % .4 _°Cc |
Aug, 28 90 5260 5.78 0.9006 8505 01.48 40.2
Aug, 31 50 4802 599 0 903 8442 50.88 39.0
Scp | 70 4424 0.19 0.903 8407 52.25 409
Sep. 4 - 3122 60.00 0.658 8759 35.50 38.0
Sep. 5 3040 607 0.6560 8935 34.00 31.9
Sep. 6 - | 3348 | 595 0.660 8784 38.10 40.0
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LONG-TERM SIZING OF CONCRETE
SOLAR COLLECTOR

Navis PRATINTHONG', Joseph KHEDARL ', Jongjit HIRUNLARBL,
Sopin WACHIRAPUWADON' and Michel DAGUENET?

1. Energy Technology Division. School of Energy and Materials,
King Mongkut’s Institute of Technology Thonburi,
Bangmod, Radburana, Bangkok 10140, Thaitand
2. Laboratoire de Thermodynamique et Energetique, Universite de
Perpignan, 52, Avenue de Vileneue, 66860 Perpignan Cedex-[rance

ABSTRACT:

Under the climate of Bangkok, the model of Concrete Solar Collector (CSC) coupled with
a simple drying sytem is simulated. The CSC configuration has two air passages: the upper
passage is between a glass cover and concrete slab, while the lower passage is hetween the
concrete slab and an insulator. Designing of the optimum size and fraction of air flowing
through the passage is investigated by considering the long-term performance indicated in term
of two effectiveness index: annual solar fraction and its ratio to the surlace area of CSC.

The numerical results showed that limiting the size of CSC reduced the effect of aperating
conditions: air flowrale. temperature and drying time. Therefore. with regard to the long-tern
performance, the size of C'SC should be limited to 4 ¢cm thickness and 2 m* surface area. In this
case, with 7 lus operating time, air {lowrate lower than 0.04 kg.s' and whatever the setpoint
temperature, the optimum fraction of air flowing through the passage was 0.5.

Key Words: Design/Simulation/Concrete collector

1. INTRODUCTION

This study integrated drying system with a concrete solar collector (CSC). Before
entering the drying chamber. collector outgoing air passed through an auxiliary healer. At the
outlet of the drying chamber the air was completely rejected (o the atmosphere, figure 1.b. The
upper surface of concerete is covered with a glass sheet and the lower surface is protected by an
insulator, figure 1.a. The air (o be heated Mows through onc or both passages. The gaps of upper
and lower passages wete set equal to 5 em. ‘The CSC unit, with 7 cm of insulator thickness. 2 m
length and T m of collector width, was tilted at 14 degrees. The upper concrete surface was
painted black. The characteristic and thermal properties of different materials uvsed for
simulation arce given in [1]. The heat stored within concrete slab allows, on one hand. to avoid



overheating of the temperature af air outgoing Irom (he solar collector and. on the second hand.
long operating lime.
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A . .
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Fig. 1 (a) Long section of concrete solar collector
(1) Schematic ofan integration of CSC system with drying process

2 MODELING OF CONCRETE SOLAR COLLECTOR

Besides the usual assumpGons for a solar collector |2]. the following assumptious were
considered: The CSC is divided into “s” sections along its length. Within each section: there is
one-dimensional heat [Tow through cover, back insulation and concrete slab. 1he concrete slab it
divided into “n™ nodes along its thickness. Air flows through the upper and lower passages by
farced convection along the length of CSC. Inlet air temperature of the first section is equal (o
ambient temperature, the outlet air temperature at the exit of cach scction is the inlet ais
temperature ol the adjacent section in the direction of air flow. The energy balance equations arc
given in appendix.

3. PERFORMANCE PARAMETERS

To describe the long-term performance of CSC, two eflectiveness index were used: the
solar fraction (1t) delined from the ratio of useful encrgy Q, to load Q, and its ratio to the surface
area of CSC ([i/A).

The rate of vselul energy supplied by CSC and the encrgy demand can be estimated as
following,

Q, =mq.Cp, J’('l'nlll E I'N).d( (1)

Qu =my.Cpy. [(Ty = %) (2)
Where T, is the temperature of air autgoing (rom the CSC which might come from one
passage ol air (upper m lower) or h()ll) It can be (,cl|Lll|(llCC| as follows:
Fo = (Pe.my Tt (1-Pe)any T VY my ©)
Where Pe is the fraction of air Towing through the upper passage.
The annual fraction of heating load supplied by solar energy is the sum of the monthly
solar energy contribution divided by the annual Joad :

lime 12 Time

fr=( Z QY 2 (4)

month=1 hr: month=1 hr=1

where monthly summation is based on the values of average days of month [2].
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4. NUMERICAL RESULTS

The simulations were performed by considering Bangkok ambicnt canditions |3-4] under
different setpoint conditions (demand air {lowrate, tcmperature and daily drying time).
lixecution are started at 6.00 a.m. by considering CSC as a closed system up to 9.00 a.m. tor
warming its surlace. In this case, heat convection coefficients are calculated with the appropriate
equations corresponding to free convection. Then the simulation is run until reaching the desired
drying time.

Figure 2-3 showed thal, for larger concrete slab (thickness and surface area), the size of
the concrete slab as well as the fraction of air flowing through the passages for the highest
performance depended closely on operating setpoint conditions. lowever, fur concrete's
thickness of 4 cm, 2m” area, the optimum {raction of air flowing through the passages depended
mainly on air flowrate. Thus, with 7 hrs operating time and air [lowrate lower than 0.04 kg.s™.
the optimum fraction was 0.5, whereas for higher air flowrate, the optimum was observed at an
upper {raction of 0.75 and a lower {raction of 0.25.
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—
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—— 0N2 kg sl 1N.6)
¢ —O— 001 ka's(10 6

—O— 006 kgest 10,6)

Annual solar fraction

0 025 05 075 1
Pc.up

Fig. 2 Varialions ol annual solar fraction with Pc for diflerent air flowrate and size
(thickness, surface area) with 60 C of drying temperature and 7 hrs of dirying time.
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Fig. 3 Variations of annual solar (raction with Pc for different air {lowrate and size
(thickness, surlace arca) with 60 C of drying temperature and 9 hrs of drying time.

857



The effect of drying lemperature on the system perlormance is also indicated in ligure 4. 1t
was found that decreased the drying temperature increased the annual solar [raction.

Celow
| 075 05 026 0
08 08
—
£ R
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—X — 006 kg-s{:1.2)
—&— 002 kg'sl 10 €)
—O¢— D 01kg/s(10.6)
—0O— 006 ky/s(10,6),

Annual solar fraction

0 0.25 0.5 075 1
Pc.up

Fig. 4 Variations of annual solar fraction with Pc for different air flowrate and
size (thickness, surface area) with 55 C and 7 hr of drying time

It can be also seen that, for higher air flowrate, increasing the surface area (fig.2-4)
increased the annual solar [raction, but the ratio of annual solar fraction per unit arca decreased
as shown in figure S.

Consequently, for the system under consideration and whatever the setpoint temperature,
concrete slab thickness of 4 cm ond surfacc arca of 2m? with 0.5 of fraction of air flowing
through the passages of CSC should be selected. These conditions with an air flowrate lower
than 0.04 kg/s allowed good compromise between the annual solar fraction of the system and the
performance of a unit of surfacc area of CSC.

S —0— d [4 cm]
£ 20 —o—d[6cm]
= —O—d[10cm]
g 15 -
g "L"\ LS .
ol e
3 s e
g
0 i i ]
1 2 4 6 8 10

Area (m2)

Fig. 5 Ratio ol annual solar fraction by unit area at Pc, up=0.5 Vs. surlace area of CSC
with air flowrate of 0.04 kg/s and 60 C of drying temperature



S. CONCLUSLON

The long-term sizing of concrete solar collector CSC integrated to a drying system has
been studied. The effect of drying set conditions, fraction of air [lowing through the two
passages and concrete’s size of conerele solar collector (CSC) have been investigated
numerically,

The results showed that the design of CSC (conerete thickness and surlace area, and the
optimunm value of fraction of air flowing through passages) depended on operating conditions.
Towever, with regard to the Jong-term sizing. (he thickness as well as the surface area of CSC
have (¢ be limited o 4 cm and 2 m’, tespectivly. These conditions with an air lowrale lower
than 0.04 kg/s allowed pood compromise between solar fraction and performance of unit arca of
CSC while Pe =(.5.
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APPENDIX

Transtent heat transfer of CSC is done by using a f{inite difterence method with the
formulation of thermal resistance and capacity [5]. Two subscripts (i,j) are used with each
variable (shown in [igure 2) representing the order of concrete nodes i (along thickness) and
sections j (along air flow). All heal transler coeflicients in the energy balance equations below
are discussed in [1].

Considering Pc, the fraction of air flowing through the upper passage (0< Pc<1), and
based on nomenclature of Fig.A the governing energy balance equations of one section of the
CSC are the following:

- On cover
U,(T,- ch) + hr?(rl‘l‘j_ Tc\j) + th(TI‘l‘i - Tc\j) =0 (a)
- Air between cover and concrele (upper passage)
hcl(Tc\i - Tn\i A th(T|J - Tn\i) = Pc-ml-Cpa(Tomu' Tinu ) Ac (b)
- Upper concrete surface
dT,;
(TN +h Ty, - Tyi) +hy (T - Tyy) = - klﬂ - (¢)
x=0
- Within the concrete slab
dar. . T.,.=T . T . =T
. _l.J: itl) i) i-1j [0
Pe.Cpe.AVi == klLAc +klAc == (d)

Qcq



- L.ower concrele surface

dar;
n|) + hll(lh] - IIJ) = kl__d_x.

(e)
x dl
- Air between (,onuele and insulator (lowel passage)

hd(l - |||.)H]c|(ll.;‘ ng )= (1-Pe)am . C (T

ha(l g~

on2j " III7J ’ AL

e
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Fig. A Thermal network of CSC (open both upper and lower passages)
- Upper insulator surlace

hi](ln_j- !hJ)-‘ hcl(lll\‘i - lv|) k l]h(l ||‘| =0

(2)
I'o solve this system of equations, the temperature of outgoing air from each section
(poing into the next section) should be determined. This temperature can be derived by
niathematical analysis of heat encrgy balance |6]. It was found that

’ T T -2h ;A
iy = == Ui oI =l (e mCp -y ; Si=17
* 2

(h)
lHowever, for simplicity, a common simple linear equation may be considered instead of
the preceding cxponen(hl equnlion (h) which can be written as

mlll l*(l—tJ l

; inj (M)

where 0 < f< 1

For Pc=0, The preceding energy balance equations of CSC can be used with the new

appropriate equations concerning the cover and the upper surface of concrele
on cover

Ul("‘a - [CJ )+ hr2('rlj - —l‘cd)+ hc\l( 'rl i ‘ \,1) = 0 (l)
- upper concrete surface

- T dT
(raltt hy (T -1t ho (Fy-"1) = - k1 ——t

(k)
dx -
For Pc=1, the first set of energy balance equations are also valid except those concerning
lower surface of concrete and insulator

- lower concrete surface

. 1ine
ho( Ly - T )+ hally; =T = - ki "—"—| ()
’ : ' dx lx-dl
- Upper insulator surface
hl.‘(.l‘ll.j - 'l‘h‘i)*rhcl ('l‘n._i - Tl|,|)+ Uh( Tu -1 ) =0

(m)
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A NEW DESIGN OF ROOF SOLAR COLLECTOR
MAXIMIZING NATURAL VENTILATION
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Tel. (66-2) 1270039 1270162. Fax (66-2) 4279062

ABSTRACT :

The paper discusses the performance of a construction element : lhe Roof Solar Collector
(RSC) with regard to lhe rate of induced natural ventilation which conlribute to improve houses
indoor thermal comfort. The RSC conliguration was macle by using imodern materials : CPAC
monier concrete tiles on the outer side and gypsum board on the inner one. The comparison of
numerical results wilh available experimental data validaled the developed model. The effect of
RSC parameters, mainly, tilt angle and length was analyzed numerically. Finally, a new

configuration of RSC was proposed.

KEY WORDS : Design, Roof Solar Collector, Simulation, Nalural Ventilation

1. Introduction

The need for indoor thenmal comfort of building is grealesl in tropical countries, where high
annual temperature are preclominant. Today's technology can be used to provide required thermal
comforl, but (he economical penally is high. Thus, passive solar designs ol building are being
interesled again today

One interesting applicalion of passive solar cooling [1-2], is to induce natural venlilation.
Ventilation provides cooling by using moving air to carry away heat from building, making
comfortable for the building occupants.

In this study the large area of rool is used to reduce the heat accumulation under the roof
slructure and lo induce suitable natural ventilation [3-4). However, as experiments cannot research
all condition and need long time, analyze of the performance of the “Rool Solar Collector” is done

numerically
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2. Modelling of RSC

The roof solar collector is made by using CPAC monier roof tiles on the upper part and

gypsum at the lower part, as shown in Fig. 1
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G %
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T "

Lenglh

A:[, T Gypaum banrd l“l“’l ?n‘.u.

oy

S

Fig. 1 Schemalic representalion of RSC Fig. 2 Node and heal transler exchangess through the RSC

Heal transfer is considered to be steady state and one dimensional and thermal capacily

of material are neglecled. The radiation exchange between CPAC monier and gypsum is

accounted flor, since the heat transier fluid is regard as a non-radialion absorbing. The inlet air

temperature is considered equal to ambient lemperature. Considering Fig. 2. under the preceding

assumptions, 8 nodal formulation of RSC system is provided by pertorming an energy balance on

each node of the RSC

® On monier-upper surface

(@) A = (h+h)AT-T) + (k,/d)A(,-T,) (1)

® Monior lowor surfaco

(k,/d,)A(T,-T,) = he, AT, -T,) + s A (T, -T,) &)

® Upper surface of gypsum board

hr?SA(TZ-TB) = hCSA(TS_TI)+(k2/d2)A(T3'T4) (3)

® [ower surface ot gypsum

(k, /d,)A(T-T,) = (h, +h AT, -T,) ()

® seclion of moving air

me(T -T) = h AT -T) +h, AT -T) (5)

o I

® Solar chimney equation [5]

Q = CdaAo{gHsin0(To-T)/ITi}°°
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The different heat transfer coefficients are discussed in detail in reference [6]. The ambient
conditions (solar radiation, ambienl temperature, wind velocity) used are those based on data of
bangkok [7-9]. The above set of nonlinear algebraic equations are solved using Newton-Raphson

method [10]

3. Numerical Results

3.1 Validation of numerical model

The figure 3 shows that the calculated results ol air RSC temperature followed well the
ambient condition. It can be seen a few disagreement with the measured data. This is mainly due
to the effect of rain heat loss and wind which weren't accounled in the model. However, regarding
the weak temperature difference between lhe RSC air and the ambient air, and also with the quite
weak wind speed (about 1.5 m/s lor Bangkok), the developed numerical model ca;1 be considered

as a good approximation, for estimaling the long- term performance of RSC.
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Figure 3 Hourly varialion of RSC air lemperalure

and ambienl condilians (lenglh 2 m)

32 Effect of RSC' parameters

The results are presented parametrically by selecting a base case and varying one
parameler at a time whereas the other RSC's parameters are kept constants. In this study, the air
inlet and outlet surface areas were considered equal, and lhe widlh and gap of RSC were [lixed at
100 cm and 14 cm, respectively.

Figure 4 shows that the induced air flowrate is a function of slope and the intensity ol solar
radiation. Up to 30° the induced air flowrate increased rapidly wilh increasing the tilt angle.
However, the vertical height still small to induced higher air flowrate although the energy absorbed

by tiles is higher. For 8 > 60°, the increased of air flowrate was quiet insignificant. Consequently. for
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the further design of RSC's systems, the appropriale rang of tit angle should be considered

belween 20" 1o 60°.
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Figure 4 Variations of Ihe air flow rate Vs. slepe of RSC [or differenl

months al differenl times (Gap: 0 14 m: Length: 2 m)

Figure 6 shows thal (or all slopes, incieasing the length of RSC increased the air flowrate

which is a consequence of Ihe increased vertical height of ventilation path.
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Figure 5 Variations of air llowrale with length of RSC at lhree diflerent

times for dilferent siopes (March 17, Gap: 0.14 m).
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Figure 6 Variation of air flowrate per unit area of RSC Vs. length al

different times for different Slopes (March 17, Gap: 0.14 m).

However, as shown in figure B, the air flow rate per unit area decreased with increasing
length of RSC. Thus, the amount of air flowrate induced by one longer RSC would be lower than
that induce by two units of RSC with a total length equal to that of the longer unit. Therefore, to
maximize the air ventilation by RSC's system, the length of RSC should be shorter on the order of
100 to 200 cm. This length could be selected by architecls depending on available surfac area of
roof.

Based on preceding resulls, the RSC's concept can be used to induce a natural air
circulation within the roof structure, which consequently will reduce the heat accumulation under

the roof. Fig. 7 presents a first approach for the new design of roof of new houses.

'\@‘\ .\ITNX'.‘.A'.\‘ \11?:_37 .

Fig 7 Schematic view ol proposed new design of RSC's system

4. Conclusion
Roof Solar Collector can provide a significant part of ventilation air flowrate of houses. The
proposed configuration of RSC system has to be verified with a full scale testing. With only RSC

system, there is a little potential in inducing sufficient natural ventilation to satisfy resident's comfort.
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However, if il is coupled wilh other passive cooling devices such as Trombe wall and/or small

mechanical syslem, lhe cooling efficiency will be improved considerably.
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Cylindrical Parabolic Solar Collector Heat-pipe

Assembly

F.AGHBALOU A TOUZANI ALAADA M.CHARIA®
ABERNATCHOU*
Ecole Mohamnadia d'Tngénicnrs. LREL PB 765 Rabat .
+ Facnlt¢ des Sciences. LES. PB 1014 Rabat (Morocco) .

1 abstract

The nse of heat-pipe as absorber solar collector increase the removal vate without exessive
increase in the pumping power and hence increase the efficiency and this feature make it
an allractive option for many industiial uses. This paper deseribes an overall mnmerical
maodel for the CPC-ethanol heat pipe (EJ1) assembly. aud a comparison belween evacnated
receiver annulus KR~ CPC and EHP — CPC for hieating water is examined {o predict

the thermal performance as well as the economical aspect. of both systems considered .

2 introduction

The advantage of heat pipe solar vecciver include the following. delivers higer overall
L]

svstem efficiency by delivering the heat isothermatly, allows independent optimization of the
CPC for many nses. provides a thermal buller such that controls is significantly simpler.
Loth dismantling and assembly are easy. The finetion of a CPC-ENP assembly is to convert
solar encigy into heat. 1o colleet and transport. it not. as sensible heat as ina pumped Jignid
loop hot tather as o isothermal Latent heat. Yavge amonnts of energy can be transported with
very small temperatuve dilferences which can be provided (o indnstries with greatest needs

for process heat ina lixed temperature ranges.
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"‘\i'zl/’r.(yyll.‘vlv.‘)(VI‘_H.! - 'l‘,l-ll) + “\‘I:p/’:'.(lunlm.')( T/v;» - ]‘bn'.!) + '-qr' hr,(rr.ltq‘l’(’[.n - 7"1”2) = 0 ( 1)

5. Heat-pipe

N

. ' . =
7”!.11";»,,,,_(.”- = 'L‘I;p/m’-s + 'Shphr.(bn‘z.hp)(’lbnl - ]I:;V] ())

+ Seh e (Tre = Tip) + Sorhe gtz (Tgir = Thp)

G. Reflector
ar,.,

e Cp, . _.N_ =5, l’p,(lm_'.u )( 'I‘/w.‘ - Iu ) + thhv.(hp,n }( '1‘/:;\ - Trr) + Sglhr.(gl'l.rr)( Tj/l’.’ - ’rvf] (6)
‘

L is the solar radiation absorbed by the external section heat pipe.

3.1 convective and radiative Heat Transfer formulations

For brevity no details will he given here. Formulations can be found in ref (1), (2). (3)

and ().

4 results and discussing

The Solar radiation variation used in the model corresponds fo the average climatic
conditions encountred in winter season on Rabat city with collector oriented in .V — 8
raving an inclination angle of 15", The differential system obtained was resolved by the
Rinpe-Kutta method. Table(1) show constant pavameters for all CPC and EINP. The heat
pipe absorhs and distribntes the heat i sneh a way that the temperature of the heated and
mitheated surlaces ave kept. quasi-inifornm. The maxinmm heal transfor rate is restricted hy
sonte limits as sonic limit, entrainement mit. viscons lindt. capillary Timit. and hoiling it
The normal operation of heat pipe wnder moderate temperatnre conditions is packaged by a
capillary it hecanse drv-ont. phenomenon can occur in the wick at the heating section.so
acenrate caletation of maxinmon transfer tate is required o design a heat pipe at moderate
temperatnie. EP has been desigued according to vef.(3) . The prototype design modelling
Fia.(2) has been calenfated in accordance with the aim of producing 0220 1/mn at 318N
(initial temperature 20090 )0 From Fig, (). we can have effective time o produce ot

water during one day as a lunction of cvele time of 1P,
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Heat-pipe Jacket Screws 348° K
| Py

—may to stock

Glass Insulation

pump gate
arrival water

Insulation

+ thermocouples

Figure 2: Solar prototype design for heating water

The total hot water which can be prodnced is about 88 I/day. For a ERA—CPC having
the same dimensions that £Ef{P — CPC aud from Fig. (4) and (5), we can deduce that so
as to produce the same quantity cited above, the number of ERA — CPC to use during the

morning cau be about ten (Fig. 6).
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fig 5 EMhcency coefoent ""Fi@ 6 Number of the ERA.CPC requirement dunng
the moming

5 conclusion

Performance results obtained have shown that EHP — C£C provide sufliciently delivery
energy and temperature for healing water than ERA—CPC. Comparison confirm effectively

the great advantage [rom the viewpoint of economy and elliciency.
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nomenclature subscripts

Sarea m? gl : glass

(', Concentration ratio glt o 1% glass
(" fluid specilic heat capacily (M—’,\ ) gl2 027 glass
1 reflector height (11) amh ; ambient
I heat transfert coellicient. (m“‘\) re @ rellector
W reflector width (1) ' hp e heal pipe
! instantancons radiation ( % ) v ovapowr

m weight (kg ) abs : absorbed
T temperature (1) ¢ convective
1 time ( s) roradiative

hal : 1°* blade of air
ha?2 : 2" Llade of air
abbreviations

C0C Compound parabolic concentrating solar energy collector
ERA Evacuated receiver annulus
LHP Ethanol beat pipe
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Tille : Weather Data generator for humid climates.
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ABSTRACT: This paper presents the methodology used to build a weather data gencrator
for humid climates. The studied site is Reunion Island. in Indian Occan. The methodology is
split into three parts, the first consists in determining climatic sequences and functions of
correlation belween two or few climatic variables in this sequences. This step shows that
linear correlation is very difficult to find. So, in the second part, we analyse the data with the
help of factor analysis lo [ind relations between the variables. This part shows that it is
necessary Lo take account of the "history" of each variables. Spectral analysis is also then used
to show the cohcrencies that exist. We'll talk then about the possibility lo use neural networks
to build weather data models.

1. Presentation.

Reunion Island is situaled by +21° South latitude and S5° East longitude. next (o
Madagascar Island. Situated in a tropical zone, the ycar is theoretically divided in two
seasons:

- The humid season (Irom November to April). The inter tropical convergence zone is ncar the
island and cyclones perturbations may occur,

- The fresh season (from May to October), where the clitnate of the island is influenced by the
trade winds.

The island is highly mountainous. Therc are smooth bents on the coastal zones. which
increase quickly loward the centre of the island. The centre is made of (hree cirques which

give a very contrasted relief. Such complexity on a small surfaces (2500 Km?2), gives a lot of
micro climates.
[istimations of energy loads in buildings required meteorological data [or simulations. It is
necessary Lo evaluate the behaviour of buildings in real conditions. In hot climates. for
buildings simulations. the imost important climatic solicitations are due to solar radiation and
air temperature. In Reunion, thermal environment in buildings depends mainly on outdoor
climatic conditions. llcat transfers are duc to convection, conduction and above all to solar
radiation. That is different from the temperate climate zones. Wind speed and air humidity are
also important to access in studies of thermal comfort in buildings.

Meteorological data are unlortunately unavailable for two reasons :

- There is no meteorological data measured for the site.

- Data are missing on little periods.
We don't have a dalabase which can represent the usually encountered or extreme climalic
situations of the site, for different periods of the yecar. The purpose of our researches is to
build a weather data generator to produce climatic sequences. Generated data must respect
some conditions:

- they must respect the main statistic {or each variables (distributions laws, auto
correlations).

- they must respect the interactions between the climatic variables.

- they must take into account of geographic and physic environment effects on the
climate of the site.
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2. Presentation of the existing generators.

Daily datas give an incomplete vision of the climate. That's the reason why users use hourly
data. Cfforts have been used to produce a complete year of data, representative ol the climate
of the studied site.

In United States, a "Typical Meteorological Yeat" has been used. This year ol data were
selccted out 0f 23 years of data. l'irstly, the statistic distribution. means, and auto correlations
for 13 weather data indices were calculated on this 23 years (Ref.1). And then the months
which correspond the most to these elements were chosen to build the "Typical
Mcteorological Year".

Anather way to have representative datas was te classify the climatic situations to find somic
typical meteorological duys for the climate. To determine these typical days (Ref. 2), authors
used factor slatistic analysis and automatic classification.

Boland (Ref. 12) made a timc scries analysis of climatic variables to (ind the characteristic of
their cyclical components. This cyclical components were then removed {rom the measured
data. and it has been shown that the residuals can be generated by auto regressive process.
Boland showed that it was possible to generate synthetic series similar to the original series.
The study were only made for solar radiation and air temperature data. 13ut this method isn't
laking into account of cross correlations.

2.1. Weather data generator of Degelman.

Degelman (Rel. 3) created a weather data generator for some regions in United States. In
order to access to data of global solar radiation, daily clearness index Kt were generated (or
each month. The cumulative density function were given by 1.iu and Jordan (Ref. 4).

The values of Kt was then ordered to respect the long term auto correlation. Secondly, the
mean and the maximal temperatures were generaled with a normal probability density
function, wid regading to the relations between solar radiation and air temperature. ‘1'he
following datas like air humidity, and wind spced were also generated with their statistic
distributions.

In this generator, cross correlations are'nnt present

3. Generator of Van Paassen.

The second generator (Ref. 5), made by Van Paassen, is taking into account of this
crosscoltelations. To develop ils models, the author used spcctral analysis to 1dentity
correlations between climatic variables, annual and diurnal patlerns of weather data. The
studies showed (hat the solar radiation can be assumed as an independent variable. In the
generator, hourly global solar data ¢(t) will be generated thanks to the following equation (1):

q=A, sin({=dy)
t-b

n

a4 and b oare respectively the sunrize and sunsel tmes. Aq s the anplitude of daily global
radiation. Aq will be generated with the help of its statistical properties.

‘The other climatic variables can then be scparated in (wo parts:

- one part is dependant of the solar radiation. 1t is impaortant 1o discern daily and hourly
dependencies. Elfectively, solar radiation has an hourly, as well as a daily inlluence on air
temperatures and on absolute humidity.

‘The amplitude Aq will be the parameter fram which all the influences of global radiation will
be derived.

- the second part is talally independent and generated with the help of its statistical properties.
This tool also generate the daily and the hourly independent parts of the variables.
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These two generalors can give a total year of data which correspond Lo the main stalistics
properties of measured data (same distributions laws, means, auto correlations,
crosscorrelations).

2.3 Particular objectives of our work.

Instead of generating one year of data, we want to generate climatic sequences, as asked by
the user considering its specific needs. [[ he wants for example a warm sequence for the
humid season, our generator must be able to provide the result and to specify if necessary the
frequency of this sequence, and the climatic conditions in which this may occur. FFor example,
we won't have the same humidity before or after two rainy days for the same radiation
conditions.

Our purpose is to generate hol only traditional climatic sequences, but we also want to be able
to simulate non current situations. To be able to simulate all thesc climatic situations. we need
to know the interrelations between the environment and the climate. It is clear for example,
that the effect of the proximity of the sca on a site can be very important. The sea will bring
humidity, with the diurnal breeze. This humidity will increase nebulosity. and so will have an
eflect on solar radiation tiansfer through atmosphere layers.

A such generator can be very useful on a site where no data is available. Only with the
geographic description of the site, and informations on the global climate of the island. we
will be able to generate climatic data for this site.

3. Mcthodology.
3.1 First stage: hasis analysis.

In a [irst stage, we study the climalic data on a localion of the cost of the Island (Gillot).
We chose this site because of the quality of measured data and because its climate is
representative ol the climate of the main town of the island. The data analysed in this part is
made of two years of data [or global and diffuse solar radiation, air temperature, humidity,
nebulosity, wind speed and direction.

To analyse this data, we decide to represent the daily evolutions of each variables by specitic
indicators. The table 1 shows these indicators [areach variables.

70 Varmbles Indicators
Temperature Daily maximum
60 ) L] anod Daily mean
O on TTamidity Daily imean
50 Daily minimum
@ 40 Wind speed Divrmal mean
= Nocturnal mean
5304 ' Wind direction Daily mean
3 Nocturnal mean
E 207 NebuTosity Daily mean
Z 0 Tnsulation Daily sum
I—l—ll | | Global radation Daily sum
n ey Lo dam 16 Ve b DilTuse radialion Daily sum

Table | : Delmitions ol the mdicators.

radiation rdiction radiation rdintion mdigtion
Fig.2 :Distiibution of global sofor radiation fur the two years for

the station o

This indicators where chosen in regard to potential user needs. The diurnal mean value for the
wind speed has heen prelerred because, the speed decrease in the night. So, if you take the
daily mean, you have a less precise indicator for the evolution of this variable in the day.
Then, we analyse the distribution of cach indicators on the two year and we separated the
values of each indicators into precise intervals, For example, the figure 1 shows the
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distribution of the daily global radiation for the years. We decided to split up these values in
five intervals. Each interval received an explicit designation (table 2).

A series of observations about the distributions of each indicators for the different periods of
the year can be made. In humid season, multiple situations of daily radiation (very low until
very high) are encountered. 1n the fresh season, weather is less unstable. so low and average
radiation are the two main classes. The distribution of the wind is also remarkable. In the
humid season. there is a lot of breezy days. In the fresh season, more days with medium or
strong winds can be found. The direction of the wind is generally from East to North-East.
Because of the influence of trade winds.

We recorded the days by {ixing criterion based on the indicators. For example. the users may
wish to usc days which have high radiation and breeze. Small dalabase for cach of (hesc
criterion were created. Classes for (he criterion based on solar radiation and wind are
presented al table3.

Designation Number

of days [Tiervals Designaiion.
Average radiation, breeze, 39 days [ Trom 600 to 2300 Whoan-2 very low radiation
TTigh radiation, breeze 25 days oI [ i.im- | Tow radiation
Low radiaiion, average wind 43|days Trom 4000 to 5700 Wh.m-2 average radiation
Average radiation, average wind U2 days [ Trom 5700 o 7400 Whom-2 | high radiation
Migh radiation, average wind 55 days from 7400 To 8500 Whom-2 very lugh radiation
Very iigh radiation, average wind 45 days table 2 @ classes and designations for the global solar
Average radiation, slrong wind 136 days radiation.
ITigh radiation, strong wind 88 days
very lngh radiation, very strong wind | 2% days
Average radialion, very strong wind 26 days
High radiation, very strong wind 2X days
Very Tigh radiation, very sirong wind | 13 days

table 3 0 Crteon for rndiation and wind

IFor cach scquence, we aim at establishing {unctions of correlation between the variables. The
lincar dependence between two variables is tested by the Kendal test (Ref. 6), and then with
regressions. lhe coellicient of the functions. llowever, this part is not giving a lot of results.
IU's truc that the evolution of temperature and humidity in a day depend on the evolution of
global radiation. but a lot of studies show the importance of the evolution of temperatire and
humidity during the days belore.

3.2. Second stage: claborated analysis.

As it was pot possible to {ind significant linear relations between the variables. More
claborated means have been involved. Firsl. we use [actor analysis to observe our dala. The
lactor analysis allows to {ind the implicit factors that describe the datas. [t gives graphics
representations of the variables, according to (he existing interactions between them.

There are (wo methods of factor analysis. The first pennits (v describe untreated data by
trealing a correlation matrix.

The second permits you lo describe dala by grouping them in classes and calculate (he
frequency ol each classes. As the methods treat the frequencics, non linear refations between
variables (Ref. 2) appear.

The principles of this analysis is quite simple: cach variable is considered as a point. with a
number of components. For example, lollowing the evolution of temperature at 13 hour for a
sequence of 130 days, the vector corresponding to temperature 4 13 hours will have 130
components. In order (o evaluate the interacliens, it is necessary (o choose and (o calculate a
slatistical distance between all the points.

The specty

ral cach variable shows the auto correlati d the colieency beiween
variables (Ref. y

o
y. the data of each sequences are filtered to take only the low

analysis of
7). First
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frequencies to find the daily influences. And then, we calculate the coherency belween
variables. 1t shows (hat solav energy can be considered as an independent variable. The
temperalure. and the humidity are dependant of solar radiation and also of wind speed when
the wind is strong in fresh season.

It would be interesting Lo evaluate the transfer function between the variables, o cvaluate the
most influencing variables.

We can (hen elaborate models that take account of the influence and the past evolution of the
variables. For example, the temperature should be generate by using auto correlation and
influence of solar radiation. To claborate stochastic models. it is necessary to have
informations about statistic distributions of the variables. So. we have Lo evaluale the stalistic
distributions of variables such as solar radiation. wind. tempcrature (Ret. 1). A goussian
distribution can be used f(or the air temperature. Authors usc generally Weibull distributions
for the wind speed (Ref*8). This distribution is then transforimed (o be normal distribution {or
the stochastic model. For the radiation, il's possible to use the distribution described by
Saunicr for tropical climates (Rel’ 9).

4. Modclisation.

Another way to establish the relations between the variables is to usc the artificial neural
networks to generate the data. This network can handle non linear relations and take account
of all the interactions. It is morc and more used in applications ol weather predictions (Ref.
10). The network is composed of generally three layers. The lirst layer represents the input
layer. it receives the prediclors values. The second layer has a number o neurone determined
while the learning phase of the network. Each node consists in a non linear function. The stale
of a neuronc depends on the pondered connections with the [irst layer (with the predictors).
The last layer has one or more node.

The firststage lo clahorate neural network in to determine the inputs ol the network. The
methods of lincar regressions, spectral and factor analysis will permit (o have these inpults.
The second stage is 1o establish the number of hidden nodes. and the coclTicients of cach
conneclions between neurones (Refl 11). This stage is a learning phasc. where we'll use
experimental data to (ind this coefficients. ‘The learning phasc is based on minimisation of the
quadratic crrors of modelisation, adapted to non lincar relations. The algorithm used for this
stage is the RPI:, with the technique of back propagation ol errors.

The evalvation of the model is made with two criterion:

- the [irst is the square mean error between the caleulated outputs and the measured
dala.

- the second is a percentage of information. It will be useful to know how does the
network reacts when using other sets of datas.

This modelisation has been made for one site where data are measured. The generator must be
able to give weather sequences for all of the site. That's the reason why. we are going now to
include the physical aspects of weather dala cvolutions. We have now f{o consider the island
as a system which transform the general atmospheric circulation. There are two kind of input
for the system (figure 3):

- The physical solicitations which can be the kind of solar radiation. the wind speed and its
direction or the type of clouds.

- The mathematical indications that can be the indication of the season. or (he initial values of
the weather variables.

Each site of the system can be modelled by given his altitude and his azimuth (a reference
axis is given) (ligure 2). At this stage, we have to claborate physical models to find the
evolution of air temperature. wind speed. humidity as function of the two precedents
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parameters. As the relations between variables are known for a site. it will be then possible to
gencrate climatic data for the whole island. A this stage. neural networks can also play an
important role. Stimulations of the wind speed and direction can be made with the code 1"luent.

axis

Referenc

A ) ; .. ._/'kw
) (8-
K_g\g If()g

“-\""“--r\_,-\/—

agare 2 Deseription ol the island and the axis of
relerence [or the azimuth,

Climate modelisation in one site

[

Climate modelisation by vatiing,
the altitude of the sites

A\
Modélisation by sectors
(by varying the altitude)

Figure 4: Methodology for simulations,

4. Conclusions.

Solar radiation

Wind speed and
direction UL Climat
: Regnion respon
Clouds cover [sland.
lnitial air
lemperature
Imtla_l 1"elal1ve Geographic
humidity description.

Mvsical

description.

Figure 33 Desenption of the systeny.,

We exposed here our concepts and methodology for the claboration ol a weather data
generatar. Our methodology is quite different {rom the existing weather genciators. Our aim
is o include the physical gapeets of the evolution of the weather variables snd the statistical
relations. Our generator is adapted to the needs of users. The use ol new technigues as neural
network can ameliorate the generation of the data. The sequences oblained for the first stage
of this study have been used in building simulations to evaluale the thermal behaviour, and

the HIVAC consumption ( Rell 12).
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‘ SURFACES, FOR THE SITE OF TUNIS
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Laboratoire d'Energie Solaire - Ecole Nationale d'Ingénieurs de Tunis -
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Abstract : A method for the estimation of the monthly average daily solar radiation on
tilted surfaces is described. It was developed originally by Liu and Jordan, and later
extended by Klein. Charts giving the conversion factor of monthly average daily radiation
from horizontal to vertical surfaces, oriented to (he south, the east and the west and placed in
the site ot 'l'unis are developed. They will be used in the computation of the monhthly
utilizability and could also be integrated in simplified design procedures for passive solar
energy systems which require the knowledge of this solar radiation data.

1- INTRODUCTION

In one of our previous works, we developed a simple corretation to calculate the monthly
utilizability for the Tunisian climate. The utilizability function is defined as the [raction ol the solar
radiation incident on a surface that has an intensity greater than a specified critical level. This work
was presented at the International Thermal Energy Congress (ITEC 95) [1]. Like many simplified
design procedures for solar energy systems, tne application of the corrclation allowing the
compulation of the utilizability requires the knowledge of the monthly average daily solar radiation
incident on vertical surfaces having different orientations. Monthly average daily solar radiations
incident on a horizontal surface are available. However, data of solar radiation incident on vertical
surfaces of various orientations are extremely rare. In order to gel values of these solar radiations,
the user has two solutions :

- To use them directly rom existing solar radiation atlases, such as the European Solar Radiation

Atlas [2] from Furope  which inchides data for mare than 100 stations ancl 9 sirfaces

- To compute them {rom values of monthly global radiation incident on horizontal surface.

The fust solution is well applied in the industiialized cowntrivs where the knowledge of the
meteorological data is not a problem. As far as Tunisia is concerned, the second solution is more
convenient due to the unavailability of solar radiation atlases or tables presenting data summarizing
the tunisian climate. 1'he monthly average solar radiation incident on tilted surfaces of various
orientations could be then estimated from the monthly average solar radiation incident on the
horizontal surface.

On the other hand, Liu and Jordan [3] have presented a method to compute the monthly
average daily radiation on surfacces tilled towards the cquator. Later, Klein [4] checked this
method with expcrimental measurements and extended it to allow calculation of monthly average
radiation on surfaces of a wide range of orientations. Computation ol solar radiation using this
method is quite boring because it presents long expiessions including lots of parameters, such as
declination and latitude of the site, sunset hour angle for (he tilted surface, surface tilt from the
ground, albedo ... These expressions can't be integrated in simplified design procedures where the
knowledge of the minimum number of input data, and a quick determination of results are
required.

In this paper, simple charts are proposed. They are intended for quick estimation of the
monthly average daily solar radiation incident on vertical surfaces of various orientations placed in

the site of Tunis. These charts give the conversion factor R of global radiation from horizontal to

vertical planes, for a given orientation, versus the long term average clearness index K . They
will be used in the computation of the monthly utilizability and could also be integrated in
simplified design procedures [er passive selar energy systems.



- METHODS ESTIMATING THE MONTHLY AVERAGE SOLAR RADIATION
ON TILTED SURFACES
In this section, we shall try to describe the method estimating the monthly average daily
olar radiation on tilted surfaces, available in the literature quoted earlier, by giving its
nathematical formulations.

The monthly average daily radiation on a horizontal surface, H , for each calendar month
an be expressed by defining the long term average clearness index K . This index is the ratio of
H and the mean daily extraterrestrial radiation, Ho :

Ky = ﬁ/ H() (n

{lein [4]) has shown that by selecting for each month the day n of the year when the daily

xtralerrestrial radiation is nearly the same as the mean value, Hg can be convenicently estimated by
he lollowing relation :

Hy = ﬁ Ig (1 + ().033cos(§60 n
noC 365

20

)] [cosq) cosd sinwg + (wg 21 / 360) sing sinﬁ]
(2)

where Ig is the solar constant, ¢ is the latitude. § is the solar declination, @y is the sunset hour
mgle, and n is the chosen day for that month. A table of recommended values of n, for each
nonth, was given by Klein [4].

The monthly average daily radiation on tilted surfaces H. can be computed from the
following expression :

Ht = ﬁ ﬁ = E R[ Hl) (3)

R is the conveision factor for the monthly average daily solar radiation. 1t is defined to be the ratio
of the monthly average radiation on a tilted surface to that on a horizontal surface for each month.
The estimation of R can be done by working with the beam diffuse and reflected components of
lhe radiation incident on the tilted surface.

Assuming that the sky diffuse radiation and the ground reflected dilfuse radiation are both

isotropic, Liu and Jordan [3] have proposed that R can be expressed as :

5 Ha ) = Ha (1+ cosp I — cosp
[ H] ”H( 2 J*p( ;) Y

Ha is the monthly average diffuse radiation, Ry, is the conversion lactor For the beam radiation. It
is the ratio of the average beam radiation incident upon the tilted surface to the average beam
radiation incident upon a horizonlal surface. [ is the tilt of the surface from the horizontal, and p
is the ground reflectance.

Liu and Jordan suggested that equation (4) can be approximated by assuming Rp as the ratio of
the extraterrestrial radiation on the tilted surface (o that on the horizontal surface for that month.
For surfaces facing directly towards the equator,

= D (5)

cos ¢ cos & sin o, + /180w sin ¢ sin d

' is the sunset hour angle for the tilted surfaces which is given by :

aa1



@, — min [0)S ,arcos (=g (=) g 8)] (6)

Klein [/H gave areview of Liu and Jordan's method by comparing experimental values of
R with those estimated [rom this method. In the same work [4], he extended the procedure

presented by Liu and Jordan to compute R (cquation (5) ) so that it becomes applicable for
surfaces which are not oriented dircetly towards the equator. This was done by integrating the rate
of extraterrestrial radiation on the surface for the period during which (he sun is both above the

horizon and in front of the surface and then dividing this result by Ho . The new expression of
Ry, is then
Ry = {1(‘.05 B sin & sin ] 1180 ['(1)_\.s ~ Oy ]

~ |sin & cos ¢ sin B cos y] n/180 [(1)SS - Oy |-

fn

Jcos ¢ cos & sin B] [sin g — sin o]

~+

[cos § cos v sin ¢ sin P] [sin wg — sin @y

[cos & sin B sin y] [cos g — cos wg |}/

{ 2 [cos & cos § sin mg + /180 g sin ¢ sin 6] 1 (N

vy is the surface azimuth angle;. mg and ) are the sunrise and (he sunset hour angles on the
tilted surface. They are given (4] by :

iry <0
Wy = — min{mg . arcos (AH 4 \/1\2 ~ B2 4 I) / (/\2 - l)]
: N . (8)
- N 2
Wy = min | w, . arcos (/\B - VAT - B+ 1]/ (A 1 l)
L J
iry>o0
My = - min \(-)‘_ . arcos (/\B = \//\7‘ ~ B2 I) / (Aﬁ I I)
y ) o = (9)
gy = min [, . arcos (AB + \//\2 ~ B2 l) / (/\" + I)
witlh ‘ ) .
s 9 _, Sing (10)
siny @ ey
and

B = (a5 cos ¢ sin ¢ 0
E )'\tgy siny tg B C

3- DEVELOPMENT OF THE CHARTS

Klein's expressions give a good estimation of the monthly average daily values of the solar
radiation on tilted surfaces for a wide range of orientations [4]. Computation using this method is
not difficult but it is boring. It requires the knowledge of lots of paramcters
(0. 8. g, We. B, Y. p..). These expressions can't be integiated in simplilied design
procedures for solar energy because these procedures should be simple ecnough (o allow a quick
application and must require only minimal number of input data. Simple charts giving the
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sonversion factor R for vertical surlaces, versus (he long term average clearness index Ky ate then
woposed.,

A [ive year climalological data base recorded in Tunis from 1975 to 1979, containing
wurly values of solar radiation on horizontal surface, was used to compute for cach month the

nonthly average daily radiation on a horizontal surface, H. A great number of hourly

zomputations were also done, using the simulation programme TRNSYS {5], in order to determine
“or the same months the solar radiation values incident on vertical surfaces and oriented

-espectively to the south (Y = 0°). the cast (y = —90°) and the west (Y = 90°), and also to
:ompute the values of R = 1; / H. The main daily extraterrestrial radiation, g, for each

nonth was computed from equation (2), using, Klein's rccommended valucs of the average day
"or each month[4]. The ratio 11 / TTp determines then the value of the long term average
slearness index Ky, for ecach month.

I'he variation of the conversion factor R with the Ky index is found to be lincar. Figures (1) and
2) present charts for vertical surfaces, oriented to the south, the east and (he west, and placed in
he site of Tunis. The knowledge ol the conversion factor and the monthly average solar radiation

on a horizonlal surface, allows an easy estimation of the monthly average daily solar radiation on
he concerned surface.

@
i

[}
i
[\

Q¢

pOSS— S S, G T S—""
[}

: i, . -
[ 07 —‘
02 [ 04 0% 0F LT on
I 1
MH FEV R an L "
H
AFE v NOV  st- BFC H

0? ! 1

n7 (k] 04 LY re o or

i
] i - am DRty ] R0 " ,,;.i ‘
I

Iig(l) : Conversion factor of monthly average daily radiation from
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I'igure (2) : Conversion factor of monthly average daily radiation from
horizontal to vertical surfaces, oriented to the east (and west)
and placed in the site of Tunis.

4- COMPARISON OF RESULTS
The climatological data base mentioned above and the equations (4. 7, 8.9, 10 and 11)
proposed by Klein and the climatological data base mentioned above were used Lo compute the

conversion factor R . for the three aricntations (south, east and west). Computed values of R
were compared © those given by the charts of figures (1) and (2), for the same climatological
conditions and the same oricitations. UViguie (J) shiows the relation between computed resulls
( Rkiein) and tesults given by the charts ( Rypa ). The values of R were found (o fadl along the 1:1
corrclation line in this ligure, indicating that the 1esults from the developed charts agree with
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sompuled ones. The charts established here give good estimations for the monthly average daily
solar radiation on vartical surfaces of various orientations.
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Iig (3): The relation between computed resulls and those given by charts

5- CONCLUSION

An existing method for the estimation of the monthly average daily solar radiation on tilted
surfaces was described. Computation with this method was found quite boring and required lots of
input data. This led us to develop charts giving the conversion factor of monthly average daily
radiation from horizontal to vertical surfaces, oriented to the south, the east and the wesl, and
placed in the site of Tuunis. ;

The real advantages of the proposed charls are that they are extremely. easy to use, rely on a
minimum amount of information and give good results compared 1o the conversion factor (solar
radiation) computed from Klein's method. They will be used in the computation afithe-monthly
utilizability and could also be integrated in simplified design procedures for solar energy which
should be simple enough to allow quick applications.
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DEPENDENCE OF MINORITY CARRIER LIFETIME AND CELL PERFORMANCES ON
TEMPERATURES PROCESS

A. El Moussaoui and A. Luque
Instituto de energia solar
ETSI Telecomunicacién- Universidad Politecnica de Madrid
E28040 - Madrid - Spain - Fax: (34) 1 5446341

Absatract: Efficiencies as high as 16.1%, confirmed at the National
Renewahle Fnerqgy ULaboratory (NREL) using a multicrystalline Silicon
material, have been achieved by a very simple process. Work has heen
cartied out wilh Multicrystalline P-type wafers from: Bayekx, Polix
and IlEM Multicrystalline materials with a low resistivity (0.7, 0.5,

and 1.3 l.em) respectively., In this paper we study tlie influence of
tempierature process {n the pre-gettering rrearment and P/Al diffusion
steps. The aim is ta develop a process for Multicrystalline solar cell
fabrication that meets the requirements of gettering action to achieve
high efficiency and simplicity to take advantage of solar grade
miterial. This optimization has resulted in significant increases in
solar c¢ell efficiencies on this material with a non-optimal double
ARC. ‘TPTexturization and a Double ARC, which means that a careful design
of it will produce even higher efficiencies. Futuze improvement can be
achieved.

1. INTRODUCTION:

It is well known that the minority carrier recombinalion
lifetime has a pironounced effect on the most important parameters
influencing solar cell pe:formances, in particular, the conversion
efficiency. In fact , the phennmena related to the Silicon wnfer
processing are very cemplex, because they consist of multiple
reactions between residual {mpurities and crystallographic defects,
either present in the as-qgrown material or inducecd hy handling anel hy
technological processes. External gettering provided by 1I' ot Al
di ffusion amends this shortcoming present in standard furnaces by
3inking impuirities from the bulk to regions where they remain
relatively inactive (1). Nevertheless, high temperature steps preclode
the use of CZ and Multiecrystalline Hilicon due to Fhe mechanism known
as internal gettering (2). Therefore, gettering techniques need Lo be
developed and optimized for these materials. The purpose of this paper
is to investigate the possibility of optimizing the temperature pre-~
gettering and  process fabrication maintaining high gettering
properties to achieve Liglh-sIficliency cell on Bayer, Polly and HEM Mu-
Si. Stasting bulk lifetimes az measured by Inductive Coupling
Contactless Photoconductive becay (ICCPCH) is around 11 ps. To improve
the initial bulk quality of this material, a pre-gettering step is
carriad oul by heavy phosphorus diffusion from a POCl, soutce, and the
optimization I'/Al diffuxlon Lemperatnre is designed to take advantage
of the properties of Al to reduce the proceas incduced vontamination.
Cells are made by several process and their performance analyzed.

2. CELL PROCESS AND EXPERIMENTS

Three different P«type multicrystalline materials are
considered: Bayer of 0.7 Q.em, Polix of 0.5 £.cm and HEM of 1.3
QQ.cm. The initial quality of the materials is expressed in terms of
bulk minority carrier lifetime measured by the Inductive Coupling

Contactless FPhotoconductive Decay (ICCPCDR), with surface passivation
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by HF(49%) solution. Initial lifetimes are 1B ps, 15 ps and 22 ps for
Bayer, and HEM respectively. Prior to fabricating the high efficiency
cells, baseline experiments were conducted to optimize the pre-
gettering treatments to improve the initial bulk 1lifetime. Pre-
gettering is carried out by heavy phosphorus diffusion in
supersaturation conditions from POCl. source, providing a getter layer
were the metal impurities present in the as-grown wafer are captured.
Highest gettering efficiency is searched by testing different
temperatures (between 825 °C and 975 °C, for 30 min process) and times
(for 825°C, between 15 and 120 min).

A planar etch (HNO::HF:CH\('OON) removes the first few microns, so
that we eliminate hoth the saw damage of the surfaces and the
gettering layer with the doped phosphorus and the capltured metallic
impurities. Thickness after the etch is around 300 jun, 200 jun and 320
pum for Bayer, FPolix and 1IEM respectively.

An oxide is grown to define the active area of the cells (2x2
cm'), then an Al layer of | pm is evaporated on the back of the wafers,
and then are introduced in the furnace, where a phosphorus
predeposition at 850°C for 20 min is made, followed by a simultaneous
drive~in of P and Al at different temperatures. Time of drive-in at
each temperature is designed to obtain a phosphorus profile of 5.10"
cm™? surface concentration and 0.5 pm junction depth.

Metallization comprises evaporated lift-off patterned (Ti-Pd-Ag)
on the emitter side, where silver is electroplated to obtain 5 pum
thick fingers, and (AlL-Ag) deposition on the rear side. To improve
metal adherence and remove surface damaged by electron-gun x-rays, an
annealing in forming gas at 450°C is performed. And a double anti-
reflecting covating (ZnS and MgF.) is deposited to reduce reflection
losses.

3. RESULTS AND ANALYSIS
3.1 Pre—gettering treatments

It is well known that a phosphorus diffusion gettering is a
practical method of improving T, in photovoltaic materials because it
can  be integrated cost effectively into the solar fabrication
sequence. Thus a pre-gettering step is carried out by a phosphorus
predeposition diffusion in supersaturation conditions from a POCl,
source. To evaluate gettering efficiency, minority carrier lifetime is
measured by a contactless photoconductive decay technique (PCD), with
surface passivation implemented by immersing the wafers in a HF (49%)
solution during the measurement.

M roLix [(Jeaver [CJHEM
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Figure 1.- After-gettering lifetime for Mc vs. temperature for 30 min
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In fiq. 1, we can show aflter gettering lifetime the dependence
of W with temperature fox the three kinds of materials for the
conditions of our experiments. It can be seen that increasing
temperature reduces ¢etblearing rafficiencies for Mc-8i , due to the
oxygen content and crystal defects (grain boundaries, dislocations,
...}. We think that the temperature where diffusion limits should be
under 825°C.
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Figure 2.- Influence of time pre-gettering step

To evaluate the influence of gettering time in fig. 2, we then
carry ovul predepositions at ditterent times for 825°C, and our results
show that more than 30 min are necessary.

3.2 Cell performances

To evaluate the influence of simultaneous P/Al drive-in
temperature, we measure J. for cells made of the Bayer materials. In
fig. 3, we show results tor J. where the influence of temperature is
more evident.

2T - i
Mc-Si :bayer
28 . it i : - i
Esge . b & ey : :
3}
<
E
Q24 -
v
K}
23 § . . : - I
22 . y :
850 g00 1000 1050
Temperature (°C)
Figure 3.- Shortcircuit current density of cells before the ARC vs.

temperature of P/Al drive-in.
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The J,. degrade when temperature increases, that can be explained
because of the behavior of Al gettering with temperature (3), and
because of the effect of oxygen and crystal defects in Mc-Si.

Finally, severall cells have been processed with the drive-in
step at 900°C and 1050°C. These cells have been made with a similar
process than the previous one in order to verify Al gettering
properties and process-induced contamination.

Voc (mV) | Jsc (mA/cm2) FF 17 (%)

BAYER ** (900°C) 624 32.23 0.8023 | 16.13
POLIX (900°C) 620 31.40 0.7958 | 15.54
HEM (900°C) 602 32.17 0.7987 | 15.4
BAYER (1050°C) 619 31.5 0.7768 | 15.1
BAYER (*) (900°C) 604 28.9 0.7964 | 13.9

Mc-Si, 4 cm?, Polished surface, double ARC (ZnS+MgF,)
(**): Confirmed by NREL, (*): Cell without pregettering

Table 1. Parameters of solar cells
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Figure 4.- 1I-V characteristics for the three materials. Also shown,

results for a Bayer cell Without pregettering.

We can see the performances and I-V characteristics of the
different cells processed in table 1 and fig. 4 , respectively. The
best results have been obtained with Bayer materijal, 16.1% (confirmed
by NREL). As a comparison, results of Bayer cell fabricated without
the pre-gettering step are also shown, it can be observed that how a
pre-gettering step 1is necessary to obtain high efficiency, and
heightens it almost 2% abselute,

Fig. 5 show a comparison of the IQEs in the near infrared
wavelength between two cells of Bayer types processed at 900°C and
1050°C, thus we can c¢oncluded that the difference is due to a
reduction in bulk Llifetime, probably, induced by high temperature
process.

we also have made cells for a drive-in at 1050°C, and the
results are always under the ones at 900°C, but the difference is
under 1% absolute when a pre-gettering step has been performed: the
difference is much important without this pre-getteriny because the
impurity initially present in the wafers are not totally removed. This
is important because time needed to obhtain the phosphorus emitter is
much higher at 900°C than 1050°C. So, without loosing a lot in
performance, we can reduce time of furnace.
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We think that results can be improved easily, simply by a
recalculation of a double anti-reflection coating. A proper design
will increase the short-circuit current, and so efficiency. Efficiency
can also improve with texturization.
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Figure 5.~ Internal Quantum FEfficiency of Bayer cells for drive-in at

900°C and at 105H0° C
4. CONCLUSIONS

Experiments to determine the influence of process temperature
for Mc—Si have been made for phosphorus pre-gettering and simultaneoue
P/A)L drive~in steps. YWe show that pre-gettering step is necessary to
obtain high imivial hulk lifetimes. Tempcrature and time must be
established for different types of materials.

The perfarmances of solar cells of the three materials deyrades
when P/Al diffusion temperature increases, probably , caused by a
degradation in bulk lifetime.

Efficiencies as high as 1A.1% (confirmed hy MNREL) hac been
achieved with Bayer material. It has to be pointed out that this
efficiency ran easily ha improved with a good optimization ol Lhe
double anti-reflection coating, and texturization.
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Economical Evaluation for a Multimegawatt Photovoltaic System Suggested for an
University Center

P Di Filippo - M. Paroncini” - 1.. Zenohi - B. Calcagni

Dipartimento di Energetica - University of Ancona - via Brecce Bianche, Monte Dago
60100 Ancona

ABSTRACT

The possibility of installation of the photovoltaic panels in the buildings has been demonstrated
through the connection between the duration of life of the panels and the cyclical extraordinary
maintenance carried out on buildings; it offers economical and environmental advantages in terms
of use of the sites that may be already otherwise occupied. saving in storage batteries in case of
grid-connected system and low environmental impact.

The analisys concerns the possibility of covering the energetic requirements of the University
Center with a grid-connected photovoltaic system and the development of the economical
evaluation of the system.

1. INTRODUCTION

The diversification of energetic sources is going to be more and more necessary for the world
economy; in this background, photovoltaic systems and particularly these integrated in the
buildings (1), (2), (3) are interesting in terms of easy installation, reduced maintainance, low
environmental impact and simple use

The University Center of Monte Dago in Ancona covers an area of about 40000 m’ that
includes both buildings and parking areas; the orography of the site causes however some
shadows during daytime that reduce, but not seriously, the efficency of the panels.

The study has therefore located the shadows and classified them in hourty band tfor Summer
and Winter

The lay-out of the panels (tilted 30° and 45° to the horizontal) shows that the PV working
area is about 84% and 60% respectively of the whole available area.

The working area for installation of panels with an array tilted 30° (first hypotesis) to the
horizontal corresponds to about 32550 m” and allows the installation of 64000 photovoltaic
panels of the actual technology of 80 W peak, table (1).

Tab. | - Technical Particulars of the modules

Peak Power (W) 80
Current to the point of maximum 4.70
power (A)
Tension to the point of maximum 17
power (V)
Dimension (mm x mm) 1206x543

The PV plant has been subdivided into 10 sub-fields, each one for a gross power of 452 kW
peak. Each sub-array consists of 160 parallel connected strings of 20 series connected modules.
An example of sub-field is shown below, fig. (1).

* to whom correspondence should be addresscd
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The same organization is used for the second hypotesis of installation with panels tilted 45° to
the horizontal, each sub-tield has a gross power of 364 kW peak.

11 = 4.70A
------- 20| 1v =340V
I Il = 470A
< N L e 20| [v=340v

i 5 i V(=340 V

L 2 It = 160°4.70 = 752 A
=470 M- 226 kW
n |[tTH2}curas V= 340V
* : — [i=470a
ol [ Dssssed

Fig. 1 - Lay-out of a section of the sub-field

2. PV SYSTEM SIMULATION AND RESULTS

The hourly power load profile of the University is taken from the electrical bill wich shows an
avarage annual consuption of 3200 MWh.

The study of the simulated behaviour of the PV system has been accomplished using the
PVFORM code (4) wich requires the entry of data such as the TMY (Typical Meteorological
Year) pertaining, to the city of Ancona, the amount of tilt of the panels and the extension of the
site.

Two hypothesis have been formulated in the PV system simulation:

1) grd-vuunected PV system; when the PV supply is insufficient to cover the ioad, electrical
energy is fed by the grid to the University , on the contrary, when the PV output exceeds the load
the energy surplus is rejected to the grid with a substantial equilibrium in the year;

2) the experiment has been accomplished using two different angles of tilt of the panels wich
were facing southward: 45° and 30°. ‘I'he first solution allows the maximum exposure of the
panels and consequently the highest efficiency; however there is a strong reduction of the number
of PV panels because it is necessary to have an higher separation between the lines of panels in
order to reduce the shadows. The panels tilted 30° ta the horizontal allows the installation of an
higher number of panels than in the previous solution with a consequently increase in energy
production not with standing the minor etliciency.

Both solution cover the annual energy demand of University, tab. (2).

Tab. 2 - Annual Energy Balance:

Annual Energy Production

Annual gross load Tilt angle = 45° Tilt angle = 30°
MWh 3000 3536 4332
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In figure (2), (3), (4) is shown the comparison between the hourly electric load profile of the
Univerity Center and PV energy output. The connection between insolation and PV energy
output, that is the share of solar radiation turned into electrical energy, is shown in fig. (5).
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Fig. 2 - Profile of the University load and system performance on a representative day
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The Fpv parameter (PV fraction of total input Energy) (5), given by the ratio between output
energy from DC/AC converter and the total electric energy load, indicates the percetage of the
University load covered by the PV system_ tig.(0).

In case of an array tilt angle of 30° the I'pv is about 40%.
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Fig. 6 - Monlly Fpv profile

3. FCONOMICAL FVALUATION

The major disadvantage for a widespread diflusion of photovoltaic conversion of solar cnergy
is the very high cost of energy produced connected with the high cost of the modules and sensible
costs of starage system and that of the site; regarding PV system cost, a remarkable reduction will
be possible through to economies of scale, larger experience and optimization of the production
processes with an increase of the range of applications

The PV system, studied in these papers, is an intcresting application of a grid-connected plant
that produces energy near the load to avoid in transit and distribution losses, moreover it is
possible to eliminate the storage batteries in order to reduce the cost of the plant. Another cost
eliminated is that of the site just available (parking arcas and roofs)

‘The economical analisys is based on the evaluation of the cost of installation and of running
the plant, disregarding maintenance expenses that are reduced to a minimum.



The haurly elettricity bill has been worked out by means of a simulation both with and without
a grid-connected PV system

The cost of the various components (modules, DC/AC converters, electrical equpement,
supporting frames) derive fiom the sub-division of the total capital cost for the various classes of
expense (6)-(7) of multi-MW PV plant located in Serre (SA)-ftaly. tab.(3)

Therefore it is possible to reck on the profile of the cost during the duration of life of the
system using the present inflation parameters such as the intercst rate and the discount rate that
are nccessary in the computation of thc Nct Present Value This value is obtained from the
addition of the net cash flow (computated for the economical life of the intervention) reduced of
the value of the starting investment. fig. (7)

The analysis of the cost has shown that for an annual energy production of about 4130 MWh
(panels tilted 307 to the hotizontal) the cost ol each generated kWh is 0.32 $/kWh

Tab. 3 - Sub-division of the total investment costs:

PV system components Sub-division of the Cost
Serre Ancona
i %o o $/kW
Modules S8 — 644 4819
— DC Vlectrical System 99 1 116 B0
Supporting Structwes | 72 | 83 618
Giround preparation and fencing 5.3 ;
Power conditioning | | EE . | 50 37
. AC Elcctrical System | 3.7 6 _ izt
Engiueering. tests and R 4.1 ) 309
SRR L il |- ) | SSSNPRYS (S e
_____Buildings and cabins Lok, i 1.7 124
Supervision, automation 3 Tk 247

mill.$
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Fig. 7 - Economical comparison between the conliguration with the grid-connected PV system
and the configuration without PV panels.
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ENVIRONMENTAL IMPACT
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1. INTRODUCTION

The exploitation of renewable energies, as they are naturally available, unavoidably implies a
-emarkable environmental impact, but, on the other hand, is ofien well suited to a combined
:mployment of the natural resources to satisfy different and co-ordinated needs. For example
nini-hydro power plants are often part of projects of water resources exploitation for civil,
agricultural, as well as for recreation purposes [RUSCITTT (1994)]. In addition, the integrated
management of different renewable energy sources may compensate, to a remarkable extent,
some of their undesirable features, as their own typical discontinuity. The energy storage
required for this purpose in order to smooth the electricity production of wind turbine generators
(WTG) and to stabilize the connected grid, may be sinergically combined with a water storage
needed to compensate the flood and the low water conditions of canals employed for agricultural,
civil or industrial uses.

This situation is actually found in the center of Italy in the Fucino area of the Abruzzi region.
T'his area is characterized by an intensive agricultural production, by industrial installations, and
urban expanding dwellings owing to an internal immigration, In this Jand water is also available
streaming into the ancient Fucino lake, that was drawn for thc above mentioned agricultural
needs. On the other hand, elevated water reservoirs may be found in the neighbourhood, as this
area is located among the highest mountain chains of the Italian Appernini. Therefore very
promising wind sites are also available. Some of them may be found at [Forca Caruso, a mountain
throat between the Tirreno and the Adriatico coasts.

Bascd on the above considerations, for the integrated exploitation of these natural resources a
combined plant was conceived for the production of electric energy by means of WTG's at Forca
Caruso and the water storage of [Fucino streams in the Mandrelle site of the Amplero valley. In
this reservoir water from the Giovenco river, tributary of the ancient Fucino lake, may be also
directly diverted. Then the stored water energy may be recovered by a mini-hydro plant. The
environmental impact assessment was a remarkable item of this study, as the Fucino land is
contiguous to the "Abruzzi National Park”, that is one of the more ancient and wider Italian
parks.

2. THE INTEGRATED PLANT

Due to the above mentioned high anemological interest of the considered area, some years ago
a deep research of the most promising wind sites was commissioned by the regional agency for
the agricultural development (ERSA) to the Italian agency for the renewable energies (ENEA).

The ERSA also studied the feasibility in a ncighbouring area of a water reservoir for
agricultural, as well as for industrial needs, to supplement during the low water periods the
drainage canals of the surface of the ancient lake.

Based on the data of the above researches, the feasibility of the integrated plant was studied in
which the electric energy produced by a wind farm is used to pump the drainage water into the
above mentioned reservoir. To recover the hydraulic energy of the stored water, a mini-hydro
plant was designed, that also contributes to stabilize the local grid. The lay-out of the integrated
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plant is reported in fig. I. The wind farm location at Forca Caruso is shown in fig. 2. Its overal
surface is about 1.5 km2. The wind speed frequency and cumulative curves are reported in fig. 3
The two prevailing wind directions, N-NE and S-SW, are detected from the corresponding
frequency curve, fig. 4. Some frequency data of the electric outages in the local grid are reportec
in the tab. 1. Data of flood damages in the Fucino ficlds are shown in tab. 2. Estimates of the flow
rate requirements of the Fucino land are compared in tab. 3. At present to supplement the canals
during the low water petiods water is pumped with remarkable energy consumption lrom wells
originally drilled in order to supply drinkable water. The water resenvoir here considered allows
the wells to come back to their original function and in addition it can satisfy the water industry
demand. The integrated plant may also take advantage from the government financial benefits ol
the 10791 law.

The annual theoretical encrgy potential of the wind farm site sclected in the Forca Caruso arcs
is about 1.1 MWh/mZ2, of the rotor swept area at the Betz limit. Based on the energy level and or
the surface extension, 15 medium size W1'G of about 300 kW capacity or 10 larger size WI'G o
about 600 kW may be installed, accoiding to the distance optimization criterion. Due to the
orography of the Forca Caruso atea, the wind characteristics and particularly its high turhulence
intensity, suggest the choice of hatizontal axis stall contralled WTGs. The actnal overall land
occupacy would be of about 24 or 30 Ha respectively. However only 1 % of this is required by
the machines. The income of the soil, used for sheep pasture, will be increased by the wind far
1evenue, as it was ascertained in (he fust Abruzzo wind farm at Tocco da Casauria, The incieasc
of the soil income will be part of the so called “energy value" of the wind source, that can be
exactly defined only by the plant energy production data.

The location of the Mandrelle water reservoir is shown in fig. 2; the corresponding design data
are reported in tab. 4. The intake of the pumping plant is a small basin made by the enlargement of
the existing draining canals at the Bacinctto site. For the design of the pumping plant, a maximum
flow rate of about 3.4 m3/s may be assumed, taken from the above mentioned hydraulic data. The
cortesponding gross head is about 230 m. The maximum required electric power is then nearly 11
MW. A typical duration curve of the flow rate streaming into the Fucino basin is reported in fig,
5. The estimated maximum flow rate, to b duived from the water reservoir in order to withstand
the peaks of the grid demand, is about 3.5 m3/s, during 12 l)/day for 150 da ﬁ/vear The

correspondi in g cstimated nower i3 aboeut S NIW o and the anmn

[ALC IR} soilei G POSYCT s dodiun O v ey and

GWlv/year.

3 ENVIRONMENTAL IMPACT ASSESSMENT

In recent years in otder (o increase the electric capacity in the Fucino area, the [talian National
Electric Board (ENEL) proposed a combined turbo-gas power plant. But this project found the
strong opposition of the local inhabitants, justified by the specific orographic, meteo-climatic and
enviconment conditions of the region that is closc to the Abruzzi National Park as mentioned
before. 13ased on qualitative considerations about the impact of its civil works on the territory, as
well as on the Jocal flora and fauna also the Amplero reservoir caused the opposition of local
green associations. At last, due to its visual impact and noise pollution the same party opposed a
wind farm near Forca Caruso, in the Collarmele site.

For the quantitative, even though preliminary, estimate of the enviranmental impact of the
proposed integrated plant, the design data of the Amplero rescrvoir [BALDOVIN (1981),
MANFREDINI (1981)], the ENEL environment study for the TG plant [ENEL (1992)] and for the
Collarmele wind farm [BELLOMO et al. (1996)]), and gencral, as well as site specific, ecobiological
data were collected and carefully evaluated. The same computation method used for the

environmental impact assessment of hydravlic systems and of industrial plants in the lucino area

[DE PrRATTI et al (1996a), DEPRATTT et al (1996b)] was ciployed. It is based on the construction
of numeric thematic charts for the computation of the plant impact values on the diflerent
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environimental compaonents. The corresponding results are shown in tab. 5. Due to the complexity
of the estimates. involving a great number of independent variables, the computed values can be
refined only by the actual measurements of local quantities over a long period. Nevertheless some
of the plant features, such as for example the control of the flood and low water conditions of the
canals and the grid stabilizing effect of the supplied electric energy, led to positive estimates of
several environmental impact values.

4. CONCLUDING REMARKS

In this paper the complexity and the variety of the items involved in the study of integrated
plants like the proposed one was pointed out.

In addition to the encrgetic benefits, a positive numerical evaluation of different environmental
impact values was obtained. Although the corresponding computation methods are still
characterized by uncertainties and subjective evaluations, they remarkably improve the reliability
of previous qualitative considerations.

The promising quantitative results suggest to carry out the study of the proposed integrated
plant by assessing its economic [casibility, following the design of the various plant components.
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Tab. 1 - Electric Outages of the local grid -

. YEAR . . DAMAGE VALLUE (italian lire)
1990 o 1.2:109
1992 >2-109

Tab. 2 - Flood damage values -

BALDOVIN (1981) | DE TIBERIIS & SANTORO (1986) CELICO (1990)

22-10° m*/year 0.150 m3/s (industrial needs) 2.5m3/s

Tab. 3 - Estimates of the irrigation and industrial needs -

MAXIMUM STORAGE VOLUME 25.2:106 m3
UTILIZABLE VOLUME 24106 m3
DEAD VOLUME 1.35:106 m3
SURFACE 1.510:106 km?2

Tab. 4 - Design data of the Mandrelle Reservoir -

COMPONENTS TG POWER PLANT INYEGRATED PLANT
F.MISSIONS +9.879 -0.676
WATER RESOURCE | +7.011 . -1.377
DWELLINGS +7.509 -0.977
CULTIVATIONS +6.719 -1.059
ENERGY MANAGEMENT <<-1.0 5.582

Tub. 5 -impact vajues of the integrated plant -
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A stiategy for relannching of Solar Thenmal Power in ITALY
I he Best Opportuaity to Develop the Tratian Sofar Thermal Market

FFerdinaudo Suraci
Solsr Thermal Commiltee, ISES - ltaly

NEATION OF 1T DOCUMENT

In February 1997, an [SES-laly Commitlee was sel up following a conference on rencwable energy sources
rganiscd by ENEA (Agency for New Technologics. Energy and the Environment) for the purposc of dafting a
irogramme of activity in Naly for the development of the solar (hermal market. and especially lat plates for hot
vater production

The Commitiee worked in collaboration with public and privale sector operators for some months (o draw up a
trategy for rekannching the solar thermal matket in Raly based on a compinative study of expericnees in other U
:omtrics and of the possibility for translerring technaologics and penctration methods (o the ltalian context
discussions embraced the problems aud barricis thit have impeded the growth of demand and supplv. whether of
lomestic or imparted prodncts

Concrele actions to experiment develapment strategics were planned in rcal time with the preseitation ol
yoject proposals involving major opetiatars in the sector. the rain Halian rescarch and development instifules and
ssociations. a number of local bodics and authorities interested in relamching the markel. as well as European
sompinies suceesstully engaped in similar efTous at home

The main stratepic abjective is to bring our conntry and its production systein up to the shme level as the other
EU countiies This means aking up the challenge embodicd i the (inal document on the development of the
Eurapcan sol:r macket ap to the veir 2005 jssued by 1he Faropean Association ESIF: ic. a potential markel of 33
million squatc metres of plazed and plastic plaites. for 13,400 GWh/year (henmal energy production, which is
cquivalent (o L. 15 Mega toe saving ol Tossil Tuels and a ieduction of 7 million tonsper year in CO2 cmissions ( (ab 0)

To take up this challenge we nced a plobal intervention steatepy that witl change Haly's industeial policy iu
the solar thermal sector so as to help public decision-nikers attune (o technical, cconomic and environmental
choices. inshtuie collabaration benveen opeators. 1escarch institntes and local authorities - partiy with the aid of a
culturgal revolution among users - and conttibute in this way (o the cconomic development and  growth of
cimploytnent in the comnmy, while vespecting the enviromnent

The conctusions tcached in the docuuent are based on the assumption that descloping the solar thermal
matkel in ltaly does not requite a policy ot outright cconomic grants as in (he '80s, nor the "frec matket” approach
that replaced it relving on (he pre<iuned wiamrity of solar thermal technology . what it does require is a plan of global
intervention based on the crcation of a uctwork of regional unils connecled by a system of shared services that will
allow stralegic choices to be made along four cardinal lines: information, teaining, promotion and dissemination
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A New Industrial Policy in_the SOLAR THERMAL Sector

By studying the expericnces of other EU countrics. such as Austria and Grecce. whetc the performance of
the solar thermal narket in the "70s and '80s was (he same as that of Italy. we have been able o observe how
productivity peaks coincide with government policies of incentives and then fall back (o the previous low levels of
production and installation oncc the incentives end. (o a point where the produclive base narrows and periods of
crisis and stagnation ensue

Whercas a careful industrial policy cnabled many Europcan countrics to launch the matket in the carly '90s.
as in (he case of Greece. Austria. Switzerland. Holland and cven Germany, in other countrics such as ltaly, Spain
and France. dclays. resistance and (o some extent an underestimation of the problem conlinue. even today, o prevent
a rcal industrial policy for development from getling under way

Morc especially, a study of Austria's experience allows us (o be moderitely optimistic in our asscssment of
the opportunities for developing the markel in ltaly.

In Austria, in facl, the market look ofT in the early '90s with such a spurt that production and inslatlation of
solinr systems for water heating in hospitals doubled cach year to over 120,000 m2/vear by 1993.

The growth of dewmand for solar thermal power in Austria is linked 1o the phenomenon of 'self-made' and
'sell-assembled' groups. which litcrally led the whole market in the years '91-'92-'93, accounting alone for 57% ol
demand and stinmlating the market for supply ol more sophisticaled and hence more custly industiial products.

This virtuous circle helped Austria‘s home industy so (hat in the (wo years '94-'95 it was able to reverse
that share in its favour, covering 607 of (he markel and growing steadily over the years. The 'do-it-yoursell' groups,
on (he other hand. have more or less maintained the same number of square metres installed per year but their
market share has dropped (0 40%

The rellection inspired by this experience is that Austrian socicly has undergone a cultural shift towards the
nsc of rencwable encrgy sources. brought about not only by mass information, but also by a phcnomenon of
emulation triggered by (he disscmination of 'do-it-yoursclf' solar systems, which allowed the industrial productive
structure (o adapt by accommodating demand for solar technology at moderate cosl.

A dccisive faclor has been (he awareness campaigns carricd out by the regional authorities, which launched
promotion campaigns that have gradually taken over from those of the government.

There can be no doubt that the costs ol 'self-made’ and ‘self-assembled’ systcms are lower (between 40% and
60%) than industrial keys-in-hand systems (rcduction of production costs and interinediation and installation costs)
and (his has greally enlarged (he poltential uscr board.

I, for pure speculation, we automatically carry over (o Haly data on (he dissemination of DHW solar
systems for domestic uses in Austria or Greece, given our population we should go from the present slock of 176-
200,000 m? (o around 4.1 million m2.

And if we do the same for (he potential in (erms of direct employment and ecmployment in (he induct of the
solar (hermal sector we go [rom he present 200 Lo (he astronomical nwitber of 34,200 cmployees

The proposed strategy for disseminating solar therinal technology in Jtaly is based on successful regional
projects for the transfer, penetration and dissemination of 'du-it-yoursclf' and industrial solar thermal technolugy
bascd on "diffuse enttepreneurship” processes. These slart fiom acclaimed success stories in rcgions of other EU
countries and. by following a similar pathway of information, training and promotion. identily a stratcgy for thc
demonstration and dissemination of best praclices (o apply in our regions in order lo assist cxisling SMEs or sct up
fCW ones

It has heen demonsteated that the dissemination ol ‘do-it-yourself® solar echinvlogy opens the way for more
sophisticated and industrialiscd solar technologies by helping (o create a mass culture in the usc of rencwable encrgy
sources and cspecially by promoting (he training of technicians and (eaching of cntrepreneurial skills that arc
reciprocally synergetic and preparatory to the conquest of new markel scgments.

The fall-ont uf a process based on "diffusc entrepreucnrship” will be the positive dTects on employment in
the successlul regions by (riggering induced processes of local craft/industrial production and franchising/licensing
agrecments behwveen national inclustry and local SMEs

The proposcd intervention will consist in a sunvey and technological audit of local SMEs in cach scparale
region, (olloved by a ncgotiation and cngineering process to crcale the new activilics.

Gencerally speaking. SMEs opcerating in (he heating and plumbing scctor do not use complex technologics
and arc (heretore & veny suitable target for incremental innovalive interventions over @ wide spectrum of solar
technologics {plastic. glazcd culicciors. iow concentration systems, natutal and forced circulation syslcims)

Rclationships between these new operators and domcestic industrics or importers will of (he franchising

lype. based on (he creation of local (regional or provincial) nctworks with structures and infrastrnuctures for pre-
competilive co-opcralion
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It is (herefore of stralegic importance far the sofar encrgy sector to adopt certified quality systenis (hat will
cchnological innovation and organisational methods o be introduced in the ficlds of both 'do-il-vourscil®
ns and industrial systcms

The proposcd service providers play a crucial 1olc in promoting and introducing innovation and both
logical and organisational transfer. Often the lack of demand for innovation by SMEs is duc to shorlcomings
Juantity and quality of service providers present in the arca and with which they have connections.

A study carricd out by the association of Greek solar thermal operators reveals (hat the percentage of work
it of output that cach operator invests in information and scrvices amounts 1o 43% of the lotal. inciuding the
malerial.

Given (his sitnation, adequate and specialist scrvice providers at provincial/regional Ievel to support
Aive activity could help to develop the activitics while reducing (he cosl (o users.

Some of (he tasks performed by (hese providers take on a strategic rolc in launching the solar thermal
I. especially as regards awarencss-raising among demand, supply analysis. planning and the preparation of
tes free of charge by mecans of networking, assistance and counselling.

The plan should envisage transitory training. bolh of (rainers and of new operators (inslallers and
rencurs), the costofl which should. in this case. be covered by public funds

The plan must envisage anditing of cnterpriscs already operating in (hc heating and plumbing scclor and
nced o inlegratc new (echnologics, and in (his case solar technology. into their product and/or process and/or
sation.

This (ype of action. mainly largeled at (he solar thermal scclor, could become a vehicle for other
logics relating to rencwable encrgy souices

Regional nctworks, possibly linked {0 a national network. would certainly encompass privalc or public
companics or orgauisations opcrating in the {icld of R&D. laboratorics and ccrtificatioun institules. training
s

The activities of these nefworks are of crucial impottance in ncgotiations between individual local
mics and national operalors or forcign imporlers becausc (they provide a I'tame of reference for standardisation
clps 1o reduce costs and ensure the quality of supply.

Conscquently. the arcas covered by the services will be the following: organisation-informatics (hematic
administrative-linancial arca. markcting. distribution. promotion and adventising, quality and certification

The following factors play a crucial tole in this regard: finding solutions and identilying the technological
of the product. estimating the cost of acquiring and adapting the chosen solution, contractual and regulatory
cations relating 1o rights of ownership or use that must be sold or bought. technical and assistance
ications. analysis of expccled economic returns in the casc of contracts with guarantced results, elc.

The success of a plan for the development of the solar thermal markel depends on (he mass information
. This may be dclegated in part to the local networks but should neveitheless be part of a national initiative (o
awarcness and inform about the problems of rational usc of fossil fucls and renewable cnergy sources and the
ol of poliution

A similar opcration should be agreed with the national operators concerned. ministrics and public
1 public cnergy agencies. which make use of a varicly of mcans - brochuics. :tdvertiscments in newspapers.
zines and TV, direct mailing. (he Internct, Web pages, televidco. organisation of seminars and mectings with
ress and press associations, calalogues. guides. manuals. dossiers, bulletins of results. multimedia supports - to
ively raisc awarcness, draw attention and create a mass culture on the usc of rencwable energy sources

Solar Plate Market Around the World

According (o data provided by (hc Europcan association ESIF. approximaicly 30 million w2 of solar
tors arc inslalled world-wide. and the annual production is 24 million m?,

Japan. with 6.1 million m?® of glazed pancls installed at the end of 1994, has actually overtaken the U.S.
5.2 million w2, in addition to'this there are 1.2 million unglazed pancls while (the Japanesc stock is unknown.
alia follows with 2.4 million m2 and China with 1.5 million m? (Table1).

The EU countries possess 5.6 million m? (glazed and unglazed) while the Meditcrrancan arca, Europcan
rics excluded. boasts a total of 5.6 million m? (glazed only).

The Europcan and Meditcrrancan market alonc represents 40% of (he world market.
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The Sular Plate Market in Europe

Sotar collector components and systems (glazing. almmininm scctions. thermal insnlation. tank. conrol
unit. circulation pump, plastic collector. efc.) arc gencrally manufactured by diffcrent companics. ollen in different

The World wide solar thermal market

7% = = :
T —
CHINA (Gt
WESTERN —
FEUROPE |-

AUSTRALIA

COUNTRIES |5~ RO R PR e DT
]

L] T T i i T ]
0 1 2 3 (] .S 6 S
=3 Glazed solar collectors NMillios square mefres

1 Unglazed solar collectors

tah 1 Estimated park of solar collectors in the principal world markets.
!

from SEN IN ACUION - Altener ESIF 1996

countrics. A study by ISES 1eveals that 20% of absorber plates are nmannlactired i Sweden and 50% of storage
Lanks in ltaly

I Europe (here ine approximately 150 solar component manufacturess. of which 26 empley more than 30
workers: includimg the mcduct. around (0,000 people arc eniployed in the sector

In Enrope. the association ESIF (Evropcan Solar Industry Federation) has been sel up. grouping the
national associations ol 15 comnltrics, Italy exclnded Around 300 companies are members.

In 1994, Genmany overlook Greece as (he largest uscr of solar collectos, and in fact 185,000 m” of plazed
collectors bave been installed plus 85,000 m? of unglazed callectors, for a fotal of 270.000 m* (Table 2)

lowever. Greeee. with :uonnd 2 million mi* of collectors in total and 198 m* per 100 inhabitants still hoids
an enviable record. atlowing the countiv to save 1.200 G\Vh per vear and reduce CO2 pollution by 1 4 million tons
per ycar

The average surface arca instalied in Evrope per 1.000 inhabitants is 12 m?

The Solar Plate Market in Maly

In the carly '80s. [taly was the largest manufacturct of solar plates in Europe. accounting for 24%. followcd
closely by France with 22% and then Greece 18%.

‘This dominant position in a market of' 350,000 m? of callectons per year was (hen lost for a number of
rcasons.

The nation-wide policy of incentives implemented in the mid-80s, 100,000 m2 of plates installed under
ENEL's 'hot water from (he sun' project. failed (o consolidalc ltaly's position and instead paved the way [or its loss.
The majority of the plant installed during that period are now disactivated (Cogne Meeling).

The factor (hat appears to have spurred the growth of demand during that period was without doubt the
possibility of having payment instalments debited on (he clectricity bill

R&D policy du

cars was aliicd Gt improving the yield of singic compuonenis noi of the sysicm as
a whole. while industry remained {irmly anchored (o the goal of maintaining sales targels. favouring i policy ol
nation-wide incentives rather than adapting fo markel demand. which was beginning to scck low costs and good
value for moncy
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Over the past  len  ycars.
nal products have been literally
d Gom the market and the way
cd for imporls (about 50% of
lled stock) of Europcan products
cce) as well as some {from Israel
lic). Australia and (he United
idom (radialor syslems), They arc
:nt throughout the country. with
el shares concentrated in a few
ms. at least a dozen (irms, of which
3 are medium sized. work on public
racts and public and low-cosl
iing, covering approximatcly 30% ol
Jomeslic market

Qur market has narrowed to an
ime low of apptroximately 10,000
per year (glazed and unglazed).

The average colleclor arca per
0 inhabitants n Haly is 3 m%

It is inlcresting (o note that
ind 30% of the home markel is
sentrated in the Trentino region and
icularly in the province of Bolzano.
he province of Treuto itscll, solar
lofts are widely uscd

Environmental associations in
tria, Gerimany and Switzerland play
ucial role in developing the market
making public opinion forcclully
re ol the values of environmental
cction and  pollution  contol.
resting work has been done by ‘do-it-
rself groups in Austria. which has
h parlly experimented in laly in the
ons of Trentino and Emilia-
nagna and at Palcrmo.

Interestingly,  "do-it-yourself*
tems made in Haly are exported (0
rd World countries.

Sular collector production
in 19850
305 000 2

0% ol the Furopean pioduction
is Timited to {ive coumies.

Italy [
249 |

United Kinpdom

12%

Germany
13%

Noweventhe market is falling

cverywhere except in Gieece
[he Uinited Kingdom is the anly
country With animponant expon
rade

oy’

Grecce
¥ 18%

Salar collector production in
257 000 m?2

Gicece produces ovee hilf of the
solar collectors in Europe. for the
nceds of their home masket only.
The nited Kingdom continues 1o
export and the market in Austria is

beginning to grow, The indusiry
in the other European countries is

in difficulty, but mosl of them N
maintain production at a low level. & Y9 Greece
SALALALS 52%
Solar collecior Others* D"'.:',',l'”k
production in 1994 10% o

550 000 m2

Rising sales in Germany and
Austnia stimulate the industry
in Europe. National
production in Greece
Denmark and the Uniled
Kingdoin is greater thin
home market sales.

Germany
31%

* Other cownries with an
annal solar collector
production of less than
20.000 square mer es.

United Kingdom
e

Saasay

-
Greece 30%

tah 2

Gom SUN IN ACHION - Alienier ESIHF 1996

Glazed solar collector production in the European Unjon.

A polential expansion of thc markct is dawning in ltaly and should be guided by a national plan that
olves all the operators in an effort of bencfit (o everyone.

e Growth Prospects of the European Market

ESIF has presented the {indings of a study funded by the ALTENER-EU projecl, poinling to an interesting
clopment of the solar thermal market in Europe.
A growth objective of between 18 and 23% per year would result, in the year 2005, in a stock in Europe of
million m2 glazed solar colleclors and approximately 5 million of unglazed for a total of 33 million m” To this
uld be added the ligures for non-Ewropean countries in the Medilerranean lolalling a further 20 million m?2

ble 3).

Assuming an average valuc of 500,000 lire per m2, the total European and Mecdilerranean market up (o

)S amounts 1o 26,500 billion lire,

The study also reveals that if market conditions remain constant, Germany will have a 46% sharc of the
ropean market, that is 15.25 million m? of collector arca.
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2005 Target

I ﬂELT’ ul—__'.[?(;t:\l Glazed ; Solar Avoided
e : glazed unglazed l collecter I thermal LY.
Popula, Europc.m Union , collector . collector i area for ; energy _emission.
. tion coum_r!c_ﬁ ] ; area _area 11000 pcr.‘producl_ion:
munmusl el EJNHS‘ I 000 m}. 1 000 mz '__gle@()_':__C_i“jt{xg_n_r_"_l 000 vyt
7.8]AUSTRIA 4 100 | 000° 526- 1910 64:
9,8{ BELGIUM 50 26; 5 23 ;
5.2iDENMARK ! 690 | 1331 276 9;
5,0/ FINLAND ; 29 2 6} 12 :
56,8 FRANCE | | 082 200 1o 581 23!
79.2|GERMANY | 11 750 3 500 148] 5 565 271
10,1 GREECE i 4 860 3 Al 2810 2 56
3,5| IRELAND ' 30 - 9 I
57,7|ITALY 205 . 4 145 31
... 0,4| LUXEMBOURG . 16 8 40 L :
15.1|NETHERLANDS 830 120 55| 340 s
.. JO.6(PORTUGAI 900 Ao 8] 540 18
QRS EAIN o i 500 : 13 325
8.G/SWEDEN | 1650 : 1924 495
57,5{U.K. ' 7y s7s . . 29 360: 21
366.1 TOTAL ! 28 267 4 856 77 13 400: 7 00
Neighbouring countries i
07|CYPRUS 1 200 : L7147 660 20
54,5/ EGYPT 2000 - 3 1100 34
.. 3|ISRAEL : 5200 . 10 3120
25.7|MorROCCO 75 5 42 e
4,3[NORWAY i s . 2 L
(233[ROMANIA | " 2600 . a2| 1o 1 oo
.. 6,8[SWITZERL AND- 1 650 800 243 1036 31
........ BalTunista | aes I - .
67.3| TURKEY | 6 aso: ) n 3225 160
196 TOTAL | 19 647 800 100 10 442 618
S Target figures [or the solar thermal market in 2005

from SUN IN ACTION - Altene

These data show that unless Italy's industrial policy changes. its stock will risc [rom the present 176,000 m

e ESIF 1996

(0 205.000 m2. which represenls an extremely small, indeed unquantifiable, market share.
The average European colleclor area will increase from 12 m# (o 77 m? per 1,000 inhabitants

ang
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itential Growth of the Solar Thermal Market in Italy

‘The plan (or (he development of (he solar therinal markel in ftaly is based on a change of indusltrial policy
g the following lines:

choice of an overall stralcgy based on four cardinal lines of action: Information, Training, Promotion,
Dissemination
identification of development plans based on nctworks (o be set up in successful regions
development ol a process of "diffuse entreprencurship”
usc of sources of funding currently available in Haly and in (he Enropcan Union according to a nationally
agreed plan
removal of techuical. financial and political/legislative barricrs
dissemination of the development plans in all regions
Il this plan is adopled. the polential devclopment of the domeslic natkel is bascd on an assnmption of
owlh similar o that which occurred in Austria, with the existing market doubling cach year over three (o four
ars to reach by (he year 2000 a total of 100.000 m” of coliectors installed per ycar for a total stock of 800,000 m*
‘able 5). This would correspond (o an cucrgy production of 390 GWh per ycar. a reduction in CO2 cmissions ol
»,000 tons per year and cmployment of around 2,000 workers
According 1o (his assumption. it would also be possible (o launch a replacement market in 2005, with an
Iditional increase in produclive capacity o around 350.000 m® per year and a total collector arca of approximately
willion ™. This would give a total heat production of 1,300 GWh per vear, a reduction in CO2 emissions of
38.000 tons per year and employment of around 10,000 workers (Table 6)

Itis worth recalling that the first ltalian energy plan envisaged a growth of the solar thermal market by the
ar 2000 similar (o (he objeclives set for 2005,
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sl 4 POTENTIAL GROW TIU OF THE SOLAR THERMAL MARKET IN ITALY

temoval of POLITICAL and LEGISLATIVE BARRIERS

Proposcd reduction of VAT on products, components and systems {or solar installations to 4% (from the
urrenl 19-10%). Assuming the solar market grows according to plan. the surface arca shiould increase (rom an
unual 12,000 m? by 2000 to around 100.000 m2 per year. This means (hat the present 2 billion lirc of annual VAT
»aymenls (which is an overestimate since a large part of the market relates (o building under Law 457 and (hercforc
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REGIONE | Popclazione | Produzione a 2000 | Installata totale

| Jccupazionad P

.

Annu Paortaiogl | Risparmio Elettn Diminuizione Emissione

|'inmilions | ma [Anna | inma al 2000 | Jnid favora | im HMiliardi ol liret cumuiato Mid | in MWIvAnno | CO2 in TonniAnnuo

| i | | | { i
PIEMONTE Vald'Acsta | 4.78 | 3382 [ 67 060 | 168 131 71 46 342 | <2918
LOMBARDIA | 9.57 ! 16 784 | 134272 | 33 50 124 | 93 290 | FEEED
LIGURIA | 391 | 3167 ! 253374 63 3} 2S | 17738 16216
| | -1 | - -1 ol ) .
| =4 -1 -1 - - -1 -
LAZIO gl 9748 | 77984 | 185 | 1§ 78 | £3589 | 193910
TOSCANA 382! §6¢5 . 83557 234 | 10 4 37490 t1216
UMBRIA | 0.26 | 1:51F 12138 | 33 | 2 12 | 3496 | 7 6@
! - . - | =4 ol o= = =
| : - -1 -1 =i -4 =1 =
~OLISE | 0.5 | 625 | S 007 | 11 | 14 Sy 3765 2 29-1
ABRUZZD | 1,351 2371 18 €85 | 47 | 4] 19 | 13375 | 12 128
CAPANIA i 6.09 [ 10 677 | 354181 214 | 16 BS 1 €9 743 | 31867
SICILIA | 5.37 | g 425 | 75404 | 183 | 14 ) 751 32782 +8 259
i | - =) -1 -1 - - -
! i - o5 = - = - :
FRIULI VENEZ!A GIULIA| 1,30 | 27276} 18 206 | 46 | J| 18! 12 744 | 11 652
TRENTINO ALTO ADIGE 057 | 1707 l" €S5S | 24 | 3] 4| FET3N 8738
VENETO | 4731 3307 6 453 | 166 | 12! 55 | 46 517 | 42 30
EMILIA ROMAGNA i 4.23 713 :9 3227 48 | 3.1 59 1 41 3251 37 363
-1 -1 | | - | 5
T -1 - | | =1 z
|CALAGR!A i 2.24 3926 31 406 79 6 31} 21984 | 20 1C0
SARDEGHA 1 1.78 1 d 128 25 034 63 5 25 17 524 16 022
INARCHE { 15548 2712 1 596 54 | 4 2 15 167 13883
BASILICATA i 0.€6 | 1 187 ] 92531 23 2 9 5473 53973
1 | -1 -1 -1 -1 - | : -
ITALIA i 5701 100 0O0C | 80 000 | 2000 | 750! 800 | £€0 0C) s12 107
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REGIONE Popolazione | Produzione a 2005 | Installato totale | Occupazione| Portafoglio Annui Portatoglio Risparmmio Elette! Diminuizione Emissione
'''''' in milioni ma /Anno in ma al 2005 Unita lavoro | im Miliardi di lire| cumulato Mid | in LJWh{Anno €32 in Tonn/Annuo

PIEMONTE VaidAosta 4.78 29339 167 650 €38 38 126 117355 107 236
L.OMBARDIA 957 58 744 335679 1678 76 252 234 975 214835
LIGURIA 1.81 11 085 63 342 317 14 48 44 340 40 539
| - - - - " -

LAZIO 5.56 34116 | 194 959 | 975 44 146 | 136 472 | 124774
TCSCANA 2.82 23431 | 133 892 ! 669 30 100 | 33725 | 83 891
URIBRIA 0.88 53101 30 344 | 152 7 23 | 21 241 19 420
] = - | - - | - .

: 5 = 2 - | = 3
110LISE ] 0.36 | 2190 125174 63 3 91 8782 | 5011
ABRUZZG | 1.35 | 8257 474124 237 11 35| 331897 30332
AR ! 609 | 37 370 213 545 1086 | 45 160 | 795481 | 135358
SICILIA | 3371 32 983 | 1B8 511 943 | 42 141 | 131838 | 120647
p— | | - : - . -1 -1
e ] | -1 - - - -1 ¥ .
FRIULTVENEZIA GIULIA| 1.30 7565 | 45516 228 10 34 37851 1 29130
TRENTINO ALTO ADIGE: 0.97 5974 34137 il 8 26 | 23855 | 31838
VENETA : 473 29013 165 133 831 38 1251 116 293 | 106325
EiMLIAROMAGNA | 423 ] 25 933 148 306 742 | 34 133 103 214 | 54915
] = | = =3 = = 21 g

| -l - =} - - -1 -

CALABRIA | 2.24 | 13 740 7 SRS 393 18 59§ 54 960 | 50 249
SARDEGNA | 1.78 ¢ 10852 52 584 213 14 47| 43 809 | 40 054
WARCHE | 1,55 | 5452 54 240 | 271 12 411 37 968 | 34712
BASILICATA | 066 | 4 048 23137 | 116 S 171 16 196 | 14 808
! I > = 2 £ 21 2 z

ITALIA | _57.01} 250 000 2 000000 | 10 000 | 455 1500 | 1400 293 | 1280268
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bstract

his paper present one part of the Fourdrinier machine’s modelization in the pulp and paper machines which is the
odelization ol the transTormation sustained by the pulp along the Fourdrinier machine (drvainage).  This model,
nce combined with the second part of the modelization which is the action of the dilferent clements encountered on
¢ Fourdrinicr machine thus provoking the drainage, was used to simulate the behavior ol the pulp on the Fourdrinier
iachine. The resolution of the model is studied and some simulation test results are presented and discussed.

itroduction

he production of a sheet of paper consists primarily on lowering the pulp’s concentration which ts made ol a fibrous
ispension in waler, at 5%, depending on the type of paper wanted. This production requires lour important stages :
e formation, the pressing, the diying, and the coating. The clements necded for the formation are the head box and
e fourdrinier machine which climinates about ninc tenth ol the water contained in the pulp. The concentration of
e fibers in the pulp at the beginning ol the fourdrinier vatics between 0,5% and | % and, at the end. is between 25%
1 30%. This phenomena is called the drainage. The water that is extracted from the fibrous matis called the white
ater. Alter the diainage, the fihrous mat aheady has some proprieties necessary for a sheet of paper : orientation ol
e (ibers, distribution of the fibers and the charges. The fourdrinier machine uses a continuous wire, made out of
‘onze or nylon threads and is characterized by a type of atmour, and by the number of meshes by the inch, generally
ctween 40 and 100, The wire is first supported by a head roll, and, then, supported by either a number of vacuum
ct boxes, either small cylinders called table rolls, cither dripping foils, or a combination of thase three components.
own the fourdrinicr machine ate the vacuum boxes, followed by a couch roll or vacuum eylinder.

his description clearly identifics two phenomena encountered when the pulp travels on the fourdrinicr machine :
181, is the transformation sustained by the pulp, the drainage ; and second, ate the elements included in the diainage
age. The modclization of the fourdrinier nachine can be divided in two parts :  the first one consists of the
odcelization of the elements™ actions founded during the formation of the paper [1]; the second part modelizes the
anslormation sustained by the pulp going through the Tourdrinier machine, which is the main purpose of this paper.

e modelization
he pulp. going thiough the tourdrinicr machine. sustains a filtration process. The pulp, by all researchers, can be
onsidered as porous, and all the last experiences have confitmed this hypothesis.  Consequently, all the laws of

hysics concerning the porous environment can he applied to the pulp.

he pulp

Ve begin by describing the physical phenomena sustained by the pulp going through the fourdiinier machine,
ictuding cach and every characteristic nceded for the modelization.  The pulp is characterized by a number of
omponents : the fibers, the lines, the charges and the fillers contained in the water.  The physical dimensions
volume, density, cte.) and the geometrical shapes (specilic arca, cylindrical or spherical shape, etc.) of the
omponents vary from onc component to another. Inside the pulp, these components are not equally distributed,
cither in the thickness of the suspension nor on the width of the fourdrinier machine.
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To betier comprehend the pulp’s evolution on the Tourdrinier machine, we aceept two hypothesis = ihat the
laurdrinicr machine advances at a cettain speed, and that we advance at the same speed and in the same direction as
the Tourdrinier machine, These two hypothesis permits us (o Fallow, in real time. the evolution of” the pulp on (he
louwrdrinier machine

Beginning ot the head hoxes, we natice an initial suspension produced on the wire @ this suspension will sustain on its
supetior face an atmospheric pressute, and on its lower face (facing the wire), a pressure smaller than the atmospheric
pressure. ‘This difference induces the drainage

rh"‘-._-_"'_fr""*-.-:‘.illsprnni: v

e Malelas libreusx
ninps

Taile
Figure | View of the pulp during drainage

T'he drainage is characterized by two phenomena : the liltration and the retention. ‘The extraction ol some volume of
thoe suspension s called the filtration and this volume is called the whitc water, composed of water and pulp’s
clements. The elements smaller than the meshes will be the only ones filtered by the wire. In a real case, all the
clements contained in the pulp are generally ol eylindrical shape with a diameter smaller than the meshes openings ¢
the components will then be filtlered or stopped depending an their arrival direetion, The retention is, in contraty (o
the dramage, o keeping of a part of the volume of the suspension on the wite. /AL the beginning, the components
presenting theinselves with their longitudinal axes perpendicular o the flow and sustaining the hydrodynamic lorces
will create the first coat ol the wire.  Alter a period of time, and depending on the pressure applicd on (he wite
surlace, dilferent coats ol components will be lixed on the wire. thus forming the fibrous mal. which also constitutes a
resistance to liltration, adding to the resistance ol the wire. As we proceed in time, the components in the white water

deerease, and it is said that the retention increases.

The retention and the lilition are produced by the pressnare applicd on the wire's side. It has been noticed (hat the
more the resistance increased, the maore the pressure on the wire's side had to be increased so that the Jiltratdon could
continue 10 work, up (o the point that the thickness ol the suspension was null, phenomenon called the wet fine.

T'he components ol the fourdrinier machine (lable rolls, foils, hoxes, ete ) are nsed to create a depression under the
wire (o lacilitate the diainage @ they then controf the drainage on the foutdrinicr machine.

Letus now look upon the phenomena erealed hy the components which are the ahsorption and the water thrown out
ol the components and the Hoculation which depend on the saturation level and the pressure applicd, respectively. 1f
the components are notsaturated., water will be. absorbed, and if the pressure applied is too high, water will be. thrown
out. oo case, with the Tourdrinier machine, these two phenomena con be set aside because the components
attiving on the fourdrinier innchine aie aheady saturated, and the pressure applicd is not high enough to change the
components’ volume.  On the other hand, these twa phenomena can be observed during pressing and drying. The
Moculation, ar flacs Torming (packing ol componens), is aphenomenon very present duting farmation ;. and it is duc
Lo this phenomenon that o Hbrous mat can he eeeated

These are the most ipoitant phenomena ol the Tormation process ol the sheet.  Other unknown, or ol less
importance, phenomena exist. A complete mathematical model should take in consideration the Tollowing :

e (he distribution of the puelp components in the sheet of paper

s (he quantity of the white water liltered

= (he quantity ol the components contained in the white water ;

* {he foculation ;

s the pressure applicd on the suspension ;

s (he direction of the pulp components :

e (he amount of cach component contained in the librous mat

*  the llow e
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3ut a mathematical model that would include all of these considerations would be very complex Lo resolve. Knowing
hat there is no exact theory enabling us to take in consideration all of these factors, we use flow wodels in porous
nvironment to characterize (he pulp, adding o these models empirical relations based on cxperimental
neasurcments.

>orous environments

Ihe delinition given for a porous environment is in fact a synthesis ol delinitions found in fiterature [3.4.5,6] and is
nastly based on Scheidegger's book [6] who has done a tairly complete study of the subject.

Che notion of fibrous cuvironment is used in dillerent engincering lields : lor example, soil mechanics, petroleum
nduslry, purification of water, and pulp and paper. A general definition ol a porous environment could be as
ollow : «it is considercd a porous environment an environment composed of solids and in which a liquid can he
njected, or cxtracted il saturated, without creating any variation in the total volume of the environment » [7]. This
Ielinition suggests that the enviromment is composed by solid particles with [rec space, called pores, in belween
rarticles. These pores can be interconnected or not, but in real cases, me generally interconnecied. Figure 2 shows a
iection ol'a fibrous envitonment, the black parts representing the solids, and the white paits representing the pores.

Figure2 Section of a porous environment

Che pores do not generally have the same shape and to be able to study the motion of the liquid in a porous
nvironment, simplified models ol these environments arc necessary, Such models are numerous and Scheidegger [6]
wresents a teview ol most of these models. Two ol those have proven themselves and are the capillary model and the
parallel lype modcl.

Capillary model

Ihe capillary model is the simplest onc : the porous environment is considered to have a mullitude of cylindrical
zapillaries who are oriented (ollowing the flow movement. The total volume of these capillarics depends on the
possible volume occupied by a liquid in the porous envitonment (the total volume not occupicd by solids). Thesc
pores can be of same radivses (average radius) or of dilferent radiuses (radius distribution). This model supposcs
that the pores do not interconnect and that they go from one face to another. Figure 3 presents a porous envitonment
with cyhindrical capillarics of average radiuscs.  Though simple, this model works well with mathematical
calculations and gives good low approximations in porous cnvironments. This model is the most used in the Pulp
aind Paper Industey.

4 pwres

sens de I'écoutement
Figure 3 Capillary model

I'he parallel type model
These models refer 10 the capillary model but with pores ol dilferent radiuses all along (he pore. [For this, a radius

disttibution is used.

Diavey’s Law
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Prediction of the pulp’s behavior under vacuum conditions resides in the prediction of the quantity of filtered pulp
under specilic applied pressure. It is, in lacl, a problem with water filtration that started, in 1856, while he was
studying (he public [ountains in Dijon, the studies of Darcy concerning [luid mechanics |8].  He has established
empirically that the flow of a 1Tuid in a porous environment is proportional to the pressurc’s gradient (or hydrostatic
gradient) applied on a cross section of the flow and inversely proportional o the Tuid’s viscosity. Mathematically
speaking, Darcy's Law can be presented as follows :

it __5‘511 (1)

u ox

This law can only be used with respect (o the lollowing assumptions :
« fluid is considered homogenceous ;
* (here is no chemical reaction betwceen (he fluid and the porous environment ;
» permeability depends ncither on the temperature nor the pressure of the (luid ;
+ [low is considercd laminar.

Permeability

The chosen model for the pulp is the capillary model. 11 the moclel nuses average radiuses for the pores, the Mow
lollows cylindrical tubes of same radiuses. The study of such flow is narrowed o (he study of parallel (Tow of an
incompressible viscous Nuid in a cylindrical tube. To obtain a solution, the following considerations have Lo be
applied :

« (he usc of Navicr-Stokes equations foi au incompiessible viscous fluid ;

« radial and langential specds in the tube are null ;

* f{low is parallel (o the tube sides ;

= [low is asymmetrical and stalionary.

Using the Kozeny-Carmen equation [9], Davis (10] established a ncw form of permcability determined [rom (ests
donc on a shect of paper absorbing air. This equation can be wrilten as [ollows :

k = ; (2)

s2(1-e)" 1+l - e)'|

This tast cquatlon s the one used lor predicting the drainage on the Fourdrinier machine. To complete a drainage
model on the Fourdrinier machine, other variables have (o be added (o his equation that would take in consideration
other phenomena.

Retention of components

In all filtativn processes across a wire, the quantity ol components retained depends on their orientation when
arriving on the wire and on their size versus the openings of the wire, In our case, at the beginning of the drainage
stage, (al the output ol the entry box), the quantity of components going through the wirc is very high, but as we
travel further up the pracess. the more components are rclaincd by the wire thus creating layers of fibrous material ;
Lhe resistance Lo filtration increases and the quantity of components going through the wire decreases. Only a few
theorelical studies were conducted on the retention phenomenon; in fact, all the equations describing such
phenomenon are empirical.

The rctention cquation [3] was verified using 1epetitively experimental measurements, and was found (o be a good
approximation of this phenomenon.

The concentration of the white water in function of the initial reiention of components tver the dininage process can
be wrilten as [ollows [66] :

e =(¢,), (1~ ty)e™™ )
This last equation gives a relation between the concentration of the white water and the basis weight (total mass ol the
components in the librous mat per squire meter). The initial retention repiesents the probability of retention of the
mmpuncms This pml) \lnllly depends on the orientation of the components arriving on the wire and on their size
s ul the wirej, ihe exponentiai lerm represents the resistance ol (he librous

lllill Lo
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ympressibility of the fibrous mat
the laycers of the fibrous mat hegin (o sel down on the wire, they sustain the hydrodynamic forces of the load they
-ty and the pressuie gradient effect applicd through the mat (applied pressurc under the wire). Those two forces
ve a direct impact on the compression of the [ihrous mat, The components change orientation as they set down and
s inner spaces belween the components decrease. Thuse components continue to travel in the fibrous mat until they
ibilize. In the atticles found on (his subject [2] {3], the authors speak more of a librous mat deformation than a
rous mat compressibility.

/
sglecting the cffect of the applied pressure on the suspension, Ingmanson [13] proposed an cmpirical relation
tween the fibrous mat concentration and the pressure across the mat ; this relation was wrilten as follows :

T k.l /77':1 (4)

e empirical constants have been identified for several kind of pulp | 14]. This relation was verilicd several times,
comparison with the experimental measurements, and, cach time, its validity was confirmed.

athematical model of the pulp for the balance method
Wil now, we have scen all the physical relations ruling the drainage on the wire. We will now deline a model of the
tp using a balance method.

1e mass balance over a control volume in the pulp will permit us (o link all these equations together to determine the
lues of the variables of the pulp. The control volume chosen for this purpose has a base of dx in length following
¢ movement of the Fourdrinier machine and a height dz following the height of the pulp (figurc 4).

Volume de conlrile

/

zhiz R
Epaisseur de 1a pate
e :
*x e
Figure 4 Control volume in the pulp

e model of the pulp is defined considering the following assumplions :
¢ pulp’s rale in the z direction is established the water's rate with the non deposit components ; this rate is the
hite waler's rate ;
there is no redistiibution of the lihrous mat; once the components have set down on the surface of the wire, they
will change position only hecause ol the delormation ;
the fow is laminar, verificd by Carman [9], who has calculated the Reynolds numiber, which had to be under 2

Raynalds number is i'(Q (5);
us

the proprietics of the pulp arc uniform with the Iength ol the Fourdrinicr machine.

’}LA[VZ/
rd
, Volume de W=t
mpﬁ',z/ —N contile l—— ) Avdc 2/
z#d> -~ l EZ
ffébﬁcz« z
Figure § Control volume with inputs and outputs

‘it this control volume, a static mass balance is done and written as follows :
li:,,,,( V3)Ov /il,,( a6 - m,,l,( Yoz + ) - ml,( v460z)8: =0 (6)

v and oz — 0, the mass raie then hecomes
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Mty (v

A Al (7
o N
But, Darcy’s Law says (hat :
) k dp ®)
"y, =——=
eh u C'}z
Replacing the while water 1ate in the muass rate with the expression ol Darcy’s Law, we oblain :
Fol aplyz i (x.2)
o N 2| 2 = )

e 174 J dx

With the use of the pulp deformation’s equation (cquation 3), we obtain the relation between the pulp’s mass in a
contiol volume and the pressurc. I we transforn this cquation to cxpress the pressure as a function of de pulp's
mass, then derive it with iespect to z, we obtain :
ap k_”/“(_ (0d) )J—'"-" (71i;l(v
X n ez x (o
This last equation is the mass cquation.

Let us now take equation (8) o establish an equation for pressure. Using the compressibility equation (3 ou 4), we
can wirile :

r7m X, ( P .\ z) ) i
r)\ - dx 0
Repfacing the variation of the pulp’s rate in equation (8), we obtain :
s p(x.2)) '7("-"’”("”"‘)) _ (17)
nxl & ) &

This last equation is the pressure equation,

T be able to create, and then redolve, the system, we liave W establish the boundary conditions. ‘Lhe drainage
process brings with it the formation of a fibrous mat. ' We then have another variable which is the thickness ol the
librous mat, noted as L(x,7). The basis weight of the fibrous mat would then be the total mass found in (his thickness
as fultows

her second, T8 cquadiva s preaciie

I,( ,7.)
B(x) - L : t, 2z (13)

Delining the total height of the pulp as A(x), the variation following the x axis would cqual the quantity of the white
water getting out ol the pulp, for 2 = 0. This relation would then be :

2/'_{‘_) "0 ((), ,\)

(4)
2 I’P,,/
To maintain a continuity between the fibrous mat and the suspension, we have (o note that
i, (1, L) = i, (s)

Another boundaty condition is given by the retention relation (eq. 2). To be able to satisfy this relation, the white
waler rate on the wire has 10 cqual the rate of the Tibrous mat less the total quantity of the components retained. This
relation is given by @

. : I

sty (60) = ity (x. L) = @)eP (16)
Those last two equations consist on the houndary conditions that will later serve to 1esolve the mass equation ().
As for the pressure, we consider il (o be null at the surface of the fibrous mat at all points of the Fourdrinier machine
and that the pressure applied on the wirc is equal to the pressurce applicd by the clements of the Fourdrinier machine.
The applicd pressure is given by the mathematical models of the fourdrinier machine clements. Those two boundary
conditions are given as :

/)( vwi)j=0, p(.\',()) =p, (v) (17)
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“onsidering (he case of a real pulp, these twao equations (mass and pressurc equations) kcep their givers {orm but
ertain variables have (o be replaced by equivalent variablcs, which arc :

permeability is replaced by the equivalent permeability k [7] ;

pulp’s rate is the sum ol cach of the cnmponcnl’ raics in the pulp plus the water’s rate :

i, Zm x.z) (18)

vhile waler’s rale is the sum ol each of lhe components rates plus the white water’s rate :

N

il )= X a2 (19
fazl)

‘or the mass, the boundary conditions are given as :

N

/hl,,,(,r.()) = 2/51‘,,,,_ (x, L)(I -q )e/"'"(‘) (20)
=0

n, (v.1)= i, 1)

N N
Em,,,_ (vt)= Zn'rl_i (22)
i=0 ie
"o complete the pulp’s model, we give the consistence [or the suspension, the fibrous mat and the whitc water,
especlively as :
nllt,,,' (x,z)

/ir.\.” ,
S ey (02) = ——— (23)
Zn’l.\._ Zm (A z)
i=0 i=1

vhere index i = 0 indicales the liquid phasc (waler) and index i = /,2,...,N indicates the olther componcnts.
[he general model fer the pulp under the drainage effect is summarize in the following table.

e b-l/n i 7"'1(‘ 2)) i (v.2)
nee ' ati S T ~ti ‘_H_L‘_- i : =
Mass and pressurce cquations: ” c?z_ p (Hl (I Z) L ) & Je

i 8( r?p X,z ] I(pp"(x.2)) _

u JZL ox -
Boundary conditions: p(x, L) =0 . p(x0)=p(x)
m‘,,7 x0) Zm x, L) - a)eP i8(x)
0
i, (x L) —,m

ZH'II,’ (v.L)= ZI)'IK"
i=0 i=0

. n(x) n'x,,,((),x)
Variables to be calculated: —_— = e——
ox Pen!

B(x) = JL(”n'l r )dz
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n Tety,

=N
2 N, (v2)

i=l
m, (X,Z) =mg (/ Es b[,,n)
b= (1~ (- a)eh]

X, Z

ke

=~—
e, [1-0-a)etr]
i=l

In the abovementionned model, the variables o be calculated are given [rom the resolution of the model. For (he
boundary limits, only the pressure applied under the wire has to be calculaled and is given by the mathematical modc!
ol each element of the Fourdrinier machine published in earlier researches [1,2}.

»

The resolution of this model is described in the following algorithm :

It of witnal daa

v

Catenlation of initial
conditions

1

Caulculation ol the
coefficients for the
mass and the pressure
cquations

—*

Resolution of the mass
and the pressure
equations for the height
of the pulp

e

Calculation of the new
propricties of (he pulp
ftom the results of the
equalions resolution

Figure 6 Algorithm for the pulp’s model in a control volume

Validation

The mathematical model developed is very complex and can be used Lo simulate the behavior of the pulp on a
Foui T be abie iv validate the modei, we need 1o combine with the pressure model the different
elements ol the Fourdrinier machine [1,2]. We present a validation of the table rolls [2] combined with the model of




1e pulp by comparing the results obtaincd with those published in earlier works (3. We have calculated the white
7ater rale, its consistence, and its granulometry : the results obtained presented an error less than 5%.

Ve present here some results of a simulation as an effect of the waler’s rate in the pulp. For this test, we used a
ourdrinier machine with 39 table rolls combined with the pulp’'s model. The expcrimental measurements [or the
onfiguration is given by Ingmanson [13].

‘he figures presented here usc the [ollowing abbreviations :
‘M :  fibrous mal concentration

while waler concentration

total pulp in the fibrous mat

components in the {ibrous mat

white waler

‘he water's rate in the pulp, mecasured at (he functioning point ol this configuration , is 72.7 [kg/s]. For this test, 3
iltcrent results for the static solution of the model are presented in lollowing 6 and 7 ligures. The water's rates in
e pulp are 109.17 lkg/s}], represented with 2-hyphens series «-- », 72.78 [kg/s) represented as series of dols and
yphens « -« », and 36.39 {kg/s] represented as seties of hyphens « - ». We note that an increase of the water’s rate in
1e pulp decreases the fibrous mat concentration, increasces the white waler concentration, increases the components
ate in the white waler thus decreasing the components rate in the fibrous mat.

senerally, the increase of the walter’s rate n the pulp causes a bigger loss of components. Its decrease thus increases
he pulp's concentration along the Fourdrinier machine, preventing the drainage. The choice of the functioning point
[ one configuration lies on a compromisc between the white water’s rate and the componcnts rates.

0oz, 2
oo - S Tl e Tl Ve
P R S S
Yolomspmzo T s 5 is
°s 03 1 s 2 25 ] 33 N .8
Langetw de ® tande {m]
et
" "
@
o
g
° 0s ] s 2 5 3 R ] L) 3
Aengueus dr ss tebie (m]
Figure 6 Effects of the water’s ratc on the concentrations
o 18
= . :
3 i : :
r E . - s
& = i v
%
3 % e E !
i A
L] s L] 15 ? 2s 3 35 . 45 ﬂ- s = : Ll;— 7 s 3 35 . “n
Leuguear de b tedly [m] Langueur de fa table {m]
o
% E v ;i "
3 R ) i i
3 3 oy ole
¥ 8 o :
% o - A Ve - . 2 alge 4
i & v ‘ H ’
3 . : .
ay V (8- 2 28 3 35 . as -‘ 5 2 5 3 s . 45
Lewgueur de Ip tadle [m] LOrGusur de M Inble |m]
Figure 7 Effects of the water’s rate on the mass rates
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Conclusion

In this paper. we have presented one part ol the Fourdrinier machine’s modelization in the pulp and paper machine.
which is the modelization of the tansformation sustained by the pulp along the Fourdrinier machine (drainagce)
This model, once combined with the second part of the modclization which is the action of the different element:
encountered on the Fourdrinier machine thus provoking the drainage, was used to simulate the behavior of the puly
on the Fourdrinier machine.

This madel is one (hat permits us o predict the pulp’s characieristics during drainage. It also permits us o predic
the pulp’s composition during the different stages of the making of a sheet of paper. And that is how we prediclec
the quantity of componenis in all the layers of the pulp, the motions of the components inside he pulp, and the part o
those components lostin the white water.
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Nomenelature
; R n . -

il iy pate of e fuird per surface unit [kg/m~s}

n kinetic viscosity ol Nuicd [m¥s)

(4 permenbility of {Tuid )

Pa applicd pressure on Nuid [Pa)

2 Now ditection [m]

Kyizia, Kuzeny's constant

€] mass of the quantity of water over total mass of pulp

S specific wea of model (ratio between the total arca of the sides of the tubes over the madel's volume ; S =
2npma)

"y number of tubes / m?

“ average radius of lubes

Cr concenlration of the white water

(e intial concentration of the white water (at the output of the entry hox)

) initial retention

Jil empirical quantity

B weight of the lihrons mat

m fibrons mat concentration after deformation

Couy initial concentiation of the fibrous mat before deformation

ke eimpirical constant

Pm pressure in the fibrous mat

n empirical constant

u flow specd

H kinctic viscosily of the white water

S specific totul area of companents

1, mass rate of the white water  {kg/mns)

Iil,, mass rate of the pulp [kg/ms)
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Numerical Study of the Natural Convection
in a Cavity with Undulated Wali
L.Adjlout , A.Azzi, O.Iminc & M.Belkadi
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Abstract

In the present paper, a numerical study of a natural convection in a differential heated cavity with
an undulated wall was carried out. The partial differential governing equations used are the
vorticity transport, heat transfer and stream function. These equations are treated in a curvilinear
co-ordinates. The Navier-Stokes equations are discretised in the present system by f{inite
difference implicit scheme. The tests were performed for different flow and geometrical
configurations. Different Rayleigh number and full, double and triple undulated walls were
investigated. The results show that the fluid structure was monocellular the same trend for the
Nusselt number distribution for all the configuration up to Rayleigh number of 2.10°

NOMENCLATURE
1 thermal difTusivity : Greck symbols
[f thermal dilatation coctlicient -
g gravitational acceleration: B= NE X1+ ¥E v - transformation factor :
] Jacobean of the transformation: = NNty
| width of the cavity: Y=NXEXNEFTVENE:
L height of the cavity: €.n  co-ordinates of (he transformed domain ;
LrF =l(fn FIE - (¢ FYnl/ J. operator: \Y kincmatic viscosity:
Nu Nussclt number: p density:
P pressure: \|/ strcam function ©
Pr Prandtl number: 0] vorticily:
T temperaturc: \ opcrator nabla:
VRS velocity componcents on x and v: v’ opcerator Laplacc:
U velocity vector: V= ac,: -2/ B, +yc,, + ./3(1’[“,/ + 0. )l /07
XV Co-ordinaltes:
indices
w6t derivative relative to x.v.&.n et .
wo hot wall and cold wall
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1. Introduction

The heat transfer of a natural convection in a closed cavity is a problem encountered in the
technological applications such as the solar collector, the green house ventilation and the energy
storage reservoir
Several works relative to this problem have been carried out these last three decades essentially to
understand and predict the behaviour of the confined {low. In the prediction domain, a big
progress has been made The investigations of Vones(1), Mallison and De Vahl Davis(2), De Vahl
Davis(3) and Saitoh and Hirose (4) are typical examples of such efTort
In this paper, a numerical study of the natural convection in a closed cavity with an undulated wall
is presented. The numerical scheme employed in the calculation allows a fairly good results to be
obtained at least for the high values of Rayleigh number. Three geometrical configurations of
undulated wall are chosen for this study with a constant amplitude. A length to depth ratio is also
conserved for all the cavities and is equal to three

2. Theoretical analysis
The configuration of a viscous incompressible fluid, inside a rectangular cavity with an

undulated wall and the temperature distribution could be determined by solving the Navier-Stokes
and the energy equations.

V.U =0 (n
\’ : i

U, +(U.v)U :_—424-VV‘U—kg(ll*4} (2)
/"n -/,n

1+ (U.V)=aV?T (3)

By introducing the linear relationship between densily and iemperature, named Boussinesq
approximation expressed as follows:

p:/)”[l—/}(f—f 1,‘,)] )

and taking into account the fact that the flow is considered bidimensional, new variables; stream
function and vorticity are oblained

{/1=VxY¥ (3)
Q =Vl (6)

The obtained transformations simplities the pressure term The tundamental cquations are now
written under their new form

w=-V-y (7)
DA [N = S Y (9
W, +V (AN R AN i N (o)

LUV I=av?T )



Hence, introducing the following non-dimensionad variables

(rr) =(x.2)/1,
(u,v)‘ =(u,\')//a,

0=(T-1)/(T, -T,). with Ty = (T T/ 2
Pr=1v/a,

Ra=Pgi'(1,~1,)/(av) (10

T'he equations of'the problem are now expressed as follows:

w, + V. (0l)=PrVe +RaPro, (n
o =-Vy ; (12)
6, +V.(0U)=V’0 (13)

[he study is completed with the definition of the following boundary conditions.

6 =-0,5 u=v=0 oncast wall
6 = 0,5, n=v=0 onwcstwall
6 = 0; u=v=0 onnorth and south walls (1

n

3. Numerical procedure

The grid generation calculation is based on the curvilinear co-ordinate system applied to {luid
low as described by Thompson et al. (5). The problem is now described in terms of new
variables:

LYo =PrV'w + RaPrl'0, (15
Viy =-w, (16)
16 =V"6, amn

where the operators L w , L¥ 6 and V* are defined in the nomenclature,
and the following boundary conditions

E=0:y =0,¢=-05 w=- 72 W e

E=1 w=0,¢= 05 (0:——0{3—‘;#;;,

7/
_ —0d =0 w2
n= 0 =1, ¢ll, =4 0= /1 l'{fl[I]’
n=Ly=0¢ =0 a)'t—L,://w, (18)
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3.1 Numerical resolution

The physical flow domain is discretised by a finite difference method. The resolution of the
equation system is performed by an implicit method with an alternate difference implicit (ADI)
scheme, and the grid is fine near the walls (31x31) function of the Raleigh number and the wall
deformation. Under relaxation factors were necessary in order to converge the vorticity equation.

4. Results and discussion

The curves presented in this paper are the first results of an important research program which
started two years ago. The figure(l.) represents the streamlines in the closed cavity at Rayleigh
number of 10° . It is noticed that the flow is monocellular for all the investigated geometrical
configurations. This last finding is valid for Rayleigh number up to 10°. Despite the new
geometrical configurations, this result is the same found by Saitoh and Hirose(4) in a closed
cavity. It can clearly be seen that no separation occurs near the undulated wall as shown by
figures(2.) (3.) and (4.).

Figures(5.) and (6.) show respectively the temperature distribution for the case of one undulation
and three undulations, for a Rayleigh number of 10, For both distributions and near the straight
wall, the temperature gradient seems to be perpendicular to this wall in most part of this region
However at about 95% of its height, this temperature gradient starts to decrease. Inside the
cavity, the space between the temperature contours is enlarsed and hence a decrease in the
temperature gradient.

The Nusselt number distribution on the straight ivall for different configurations and for diflerent
Rayleigh number is presented in figure(7.). The same trend for all the curves is observed
However, it seems that the configuration with one undulation has the highest values of Nusselt
number. Those distributions are presented for Rayleigh number up to 2.10° due to the divergence
of the calculation for most of the configurations. While, for one undulation the calculation was
possible until Rayleigh number of 2.10° and is shown in figure(8.). The distribution seems to have
a parabolic trend

5. Conclusion

The conclusions to be drawn from this first part of the study of natural convection heat transfer
in a closed cavity with undulated wall are that:
- the fluid structure is monocellular for all the investigated geometrical configurations up to
Rayleigh number of 2.18% and 10° for the configuration with one undulation,
- the calculation for all the configuration diverge for a Raylcigh number of 2.10% except for the
one with one undulation,
- the Nusselt number distribution seems to have the same trend and almost the same values for all
the configurations.
All these results should be contfirmed by carrying out some experiments for all the configurations
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Solar Thermal Energy, State of Art Technology and
Application in EU countries

by Panos l.amaris President of ESIF
E.S.I.F. 19 G. PAPANDREOU STR. 144 52 METAMORFOSIS, ATHENS, GREECE,

=SIF, the European Solar Industry Federation was founded in January 1992 and is a
ronprofitable organization. The Federation consists of 20 members.

Brief Background

There are two types of collectors produced : the flat plate collector and the vacuum
ube collector. These collectors are used in thermosiphon units systems or forced
circulation systems. The thermosiphon units are. mainly installed in Greece while the
majority of the remaining EU countries install flat plate or vacuum tube collectors in
forced circulation systems. At the moment there are no common standards for solar
systems and components in the community. However ESIF applied to the
standardization authority of the Union which is CEN with a request for common
standards and the procedure is almost completed. We believe that in about one year
we will have European standards for solar systems and components.

Commercial application of solar thermal energy equipment in the European Union
began in 1974, right after the first energy crisis. By 1980 annual sales of solar
collectors had reached 300,000 M2 . During the next 1 O years, solar energy developed
considerably in Europe. Factors influencing this development were the price of oil and
incentives which were established in many countries. By the end of 1996 5 million M2
of solar collectors had been installed in the European Union.

In 1996, ESIF within the framework of the ALTENER PROGRAM of the European
Commission completed the study " SUN IN ACTION ". The Solar Thermal Market, A
Strategic Plan for Action in Europe. This 400 page study reports on the solar thermal
markets in all the European Union countries as well as in 30 more countries around the
world where solar thermal activities have been noted.

For the realization of such a monumental study many of ESIF's members and experts
from the 300 European industries with over 10,000 employees which comprise ESIF
worked extensively. Furthermore ESIF had the assistance of several consultants from
the European Union.
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Below is a brief report on the main conclusions.

World production of salar calleclors in 1585 was 1.3 miillion square melers solar collectors.
Of these, 0.5 million i.e 40%, were manufactured in the European Union which naturally
emerged as the leading force.

The estimated park of solar collectors in the principal world markets can be seen in

Figure 2h. The development of the mediterranean countries is quite obvious. They

include European mediterranean countries with 8.5 million m’ installed whereas the
European Union countries alone have 4 million m? (data of 1994) solar collectors installed th
slightly falling behind the USA and Japan.

Figure 2g gives the total solar collector area installed in the.EU per country. This figure clearn
shows that out of the 4 million m? (1994) in working order the leader is Greece with

2 million m* However if we compare the installed m? per capita with 2 countries outside

the EU, ie Cyprus and Israel we can see the potential for further growth even in Greece
(figure 2). Cyprus comes first followed by Israel. The contribution of solar energy to the

total energy demand of Cyptus is 6%. This is a very significant percentage.

In Europe Austria is no.1 in sales per capita followed by Greece but both countries still fall fa
behind the world leaders Israel and Cyprus.

The deveiopment of saies from 1980 In the EU was rapid. Since "[4989 there Is a steady
increase with around 20% per year. Ali the indications ate that this trend will continue at
a rapid pace since measures are being taken all over the EU for the promotion of solar

systems.

Fortunately the Greek market remains steady at the levels of 1994 without further decreasing
in 1996 there was a 6% increase. Figures 2d & 2e show the national market shares of solar
collector production in 1980 and 1994. In Figure 2e Greece has 30% of the production in the
EU. It is quite obvious thal Greece expoits large quantities to other European Union countrie
mainly Germany and Austria. Greece's share of 52% in 1987 was quite impressive.

The European Solar Industry represented by ESIF is trying to develop the markets in all

of Europe and the Mediterranean. The European Commission has been very supportive to
these efforts and has financially supported programs. The European Parliament has also bee
morally supportive up to now. The Energy Commission of the EP is in close colfaboration wit
ESIF and lobbies the EU for larger allocation of funds to renewable energy sources.
Furthermore the Commissioner of Energy Christos Papoutsis is an avid supporter ot
renewable energy and has been trying to influence the Commission for stronger involvement
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ortunately despite all the assistance and support from European organizations the national
arnments do not respond with the same attitude.

F's activities are focused on the following main objectives :

'UBLIC AWARENESS : efforts for large scale pan-european campaigns in all the news
nedia (tv, radio, newspapers etc). This is the only way to reach the end user and
30% of this target is the average european household.

‘INANCIAL INCENTIVES : efforts are being made for grants, tax credits and loans
vhich will counterbalance the cost of conventional energy sources and thus make
olar energy more competitive.

.EGAL MEASURES : attempts are being made to amend laws and building regulations
vhich would encourage the use of solar systems on buildings and make them obligatory
it least on public buildings.

REMOVAL OF NATIONAL PROTECTIONISM : extensive efforts are being made for the
emoval of hational protectionist legislation that some EU countries illegally have which
linder free trade and healthy competition.

F's studies show that the average European country can save 6% of the total energy
nand by using solar water heaters (eg Cyprus) and a further 8% by using solar systems
space heating. That is 14% which corresponds to 40% of the domestic energy
isumption,
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