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Gen eral trend of free trade in re gional level as well as in the di rec tion of Eu -
ro pean Un ion has mo ti vated sugar fac to ries lo cated in Ser bia to in vest into
tech nol o gies that are more ef fi cient in or der to make their prod ucts more
com pet i tive at the mar kets in Eu rope. The aim of this work was to eval u ate ef -
fects of fall ing film plate evap o ra tors on the en ergy con sump tion of evap o ra -
tion plant, as well as to val i date per for mance of this type of evap o ra tors. It
was found that this type of evap o ra tor de creased en ergy re quire ments and in
the same time evap o ra tion pro cess was more ef fec tive due to high val ues of
heat trans fer co ef fi cients.
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Introduction

Evap o ra tion is a unit op er a tion in which a so lu tion is con cen trated by re mov ing
part of the sol vent in the form of va por. In 99% of the in dus trial cases, the sol vent is wa ter 
and the la tent heat of evap o ra tion is sup plied by con dens ing steam, whose en ergy is trans -
mit ted to the so lu tion by in di rect heat trans fer through me tal lic sur faces [1].

The his tory of mul ti stage evap o ra tion is linked to the his tory of sugar tech nol -
ogy. Im ple mented for the first time in 1844 in a cane sugar fac tory in Lou i si ana, USA,
this type of su crose so lu tion thick en ing were later adopted by the Eu ro pean beet sugar in -
dus try [2]. The evap o ra tion sta tion in sugar fac tory is link be tween the ini tial pro cess part
char ac ter ized by low juice con cen tra tion and crys tal li za tion of sugar from high con cen -
tra tion sugar syr ups. It can di rectly in flu ence the en ergy de mand through en ergy loss in
va pour. The re quire ments of sugar tech nol ogy were essential in further development of
evaporators.

For eco nomic and en vi ron men tal rea sons, there is a con stant need of re con struc -
tion of sugar fac to ries. The dom i nat ing trend is to in crease the pro duc tion rate and take
ad van tage of ad vances in sugar tech nol ogy and en vi ron ment pro tec tion technologies [3].
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En ergy ef fi ciency is also an im por tant is sue in fac tory re con struc tion as the fuel
cost is of the or der of 10% of the over all cost of sugar pro duc tion and fuel burn ing in the
pow er house is re spon si ble for ma jor part of at mo spheric emis sions. Mul ti stage evap o ra -
tor unit is one of the main heat con sumer as well as the heat pro ducer in sugar pro duc tion,
so it is nec es sary to have good per for mance of this part of the sugar fac tory in or der to
achieve minimal production cost.

Gen eral trend of free trade in re gional level as well as in the di rec tion of Eu ro -
pean Un ion has mo ti vated sugar fac to ries lo cated in Ser bia to in vest into tech nol o gies
that are more ef fi cient in or der to make their prod ucts more com pet i tive at the markets in
Eu rope.

Choice of evaporator for multistage
evaporator station in sugar factory

For de cades, the sugar tech nol o gist has been re stricted in choice to vari a tions of
Rob erts or tube bun dle fall ing film evap o ra tors, which were been in tro duced into sugar
in dus try dur ing 1960's [4]. In last 15 years, con tin ued de mand for in crease in ca pac ity
and si mul ta neously de crease in steam de mand has led to de vel op ment of plate
evaporators.

There are two dif fer ent types of plate evap o ra tors: fall ing film and rais ing film.
Rais ing film evap o ra tors uti lize ther mal en ergy to both trans port and con cen trate the
sugar juice within the evap o ra tor (Rob erts, Alfa Laval and etc.), while fall ing film evap o -
ra tors sep a rate this func tions; trans port is achieved by elec tri cal en ergy (through pump -
ing) whilst uti liz ing ther mal en ergy to con cen trate the juice.

Fig ure 1 pres ents the char ac ter is tic val ues of heat trans fer co ef fi cient (k-value)
of fall ing film tube and Rob ert evap o ra tors com pared with k-val ues ob tained from the pi -
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Fig ure 1. k-val ues of dif -
fer ent evap o ra tors [4]
¡ k-val ues pi lot plant
Berlin Tech ni cal Uni ver -
sity (fall ing film plate
evap o ra tor);
- - char ac ter is tic k-val ues
of tube bun dle fall ing film
evap o ra tor;
–– char ac ter is tic k-val ues
of Rob ert type evap o ra tor



lot plant fall ing film evap o ra tor of the Berlin Tech ni cal Uni ver sity [4]. As it can be seen,
the high est k-val ues are ob tained for fall ing film plate evap o ra tors. 

The fall ing film plate evap o ra tor per mits evap o ra tion at an ef fec tive tem per a ture dif -
fer ence be tween sat u rated steam and juice, which is sig nif i cantly lower than with con -
ven tional evap o ra tors [5]. Be sides better ther mal per for mance of fall ing film plate evap o -
ra tors their ad van tage is also better juice qual ity and in that way qual ity of fi nal prod uct,
sugar, con sid er ing it's color.

Multistage evaporator station in
sugar factory Sajkaska, Zabalj

Sugar fac tory lo cated in Zabalj, Ser bia, is part of Greek sugar con cern EBZ.
Dur ing 2004, mul ti stage evap o ra tor sta tion was mod ern ized by re plac ing old Rob ert
evap o ra tors with fall ing film plate evap o ra tors (GEA-Ecoflex). Ret ro fit de sign was im -
ple mented on the sec ond, third, and fourth ef fect of this five stage evap o ra tion sta tion.
This means that in the old ves sels of the Rob ert evap o ra tors tube bun dles were re placed
by plate pack ets. In this way, it is pos si ble to in crease sur face be cause plate pack ets are
more compact. Advantages of the retrofit concept are:
· double heating surfaces in existing vessels,
· increasing the capacity without enlarging the factory’s foundations,
· savings up to 50% on capital expenditure if compared to new units,
· conversation of energy, and
· improved product quality and higher product yield thanks to a shorter retention time.

Before 2005 campaign, there were no further changes in process of sugar
production so it was possible to evaluate effects of falling film plate evaporators on the
energy consumption, as well as to validate performance of this type of evaporators.

Nec es sary mea sure ments were kindly ob tained from sugar fac tory and it was
pro cessed us ing com puter pro gram de vel oped at In sti tute for Sugar Tech nol ogy in Novi
Sad, Serbia. Pa ram e ters needed for cal cu la tion of sugar bal ance are mea sured in fac tory
lab o ra tory ev ery hour, which im plies that all pa ram e ters used for cal cu la tion are av er age
val ues for 24 measurements during each day.

For per for mance eval u a tion of fall ing film plate evap o ra tors three de cades were
se lected: Oc to ber 1-10, No vem ber 1-10, and No vem ber 21-30. In this way, the pro cess
was mon i tored dur ing the whole cam paign.

Results and discussion

Energy demand of reconstructed sugar factory

Dur ing re con struc tion of Sajkaska sugar fac tory the aim was to achieve fuel con -
sump tion of 100 MJ per 100 kg of sugar beet. As it was said ear lier, only the evap o ra tor
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sta tion was re con structed by the be gin ning of 2005 cam paign so it is jus ti fied to as sume
that it is the main source of po ten tial energy savings.

As it was ex pected, en ergy con sump tion had low est value, about 6% higher than 
planned, dur ing the first de cade. At this pe riod i. e. at the be gin ning of cam paign, evap o -
ra tor sur faces are clean and the val ues of heat trans fer co ef fi cient are the high est.

Change of k-val ues for plate evap o ra tors used in evap o ra tion pro cess are shown
in fig. 2. It can be seen that this val ues for all stages had de creas ing trend from the start to
the end of cam paign. Dur ing sec ond de cade, in crease of the scale on the plate sur faces led 
to de crease of k-val ues in all stages so con se quently en ergy de mand in creases which re -
sulted in 11% higher en ergy con sump tion than planned.

An other rea son for in creased en ergy de mand lies in lower air tem per a tures dur -
ing this pe riod of sugar pro duc tion that re sulted in higher en ergy loss. There fore, in third
de cade the fur ther scale de po si tion on evap o ra tor sur faces as well as fur ther tem per a ture
de cline led to 16% in crease in energy consumption.
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Figure 2. k-values of stages with falling film plate evaporators
during 2005 campaign



Thermal performance of falling film plate evaporators

To carry out an ob jec tive com par i son be tween dif fer ent evap o ra tor types from
the as pect of ther mal per for mance fea tures of the juice like vis cos ity, wall thick ness, ef -
fec tive tem per a ture dif fer ence has to be con sid ered [4]. Typ i cal op er at ing data of mul ti -
stage evap o ra tion station are shown in tab. 1. 

Table 1. Typical operating data for falling film evaporators in Sajkaska sugar factory

Avrege val ues dur ing II de cade II stage III stage IV stage

Heating surface [m2] 2800 2800 1900

Juice flow in [kg/100 kg beet] 102.28 66.90 35.20

Juice flow out [kg/100 kg beet] 66.90 35.20 25.02

Water evaporated [kg/100 kg beet] 33.38 31.70 10.18

Juice inlet brix 14.33 21.48 40.83

Juice outlet brix 21.48 40.83 57.45

k-value [W/m2K] 3041 2572 3154

DT [K] 5.35 5.68 2.29

For all stages with fall ing film evap o ra tors k val ues in func tion of dy namic vis cos ity
are shown in fig. 3. As it can be seen from this fig ure k-val ues for mon i tored de creases
with in crease of dry ma ter con tent in juice. The only ex cep tion is the fourth stage was in -
crease in k-value was reg is tered. The rea son for this may be in in creased con sump tion of
sec ond ary steam from pre vi ous stage in or der to achieve de sired juice con cen tra tion, be -
cause of un fin ished re con -
struc tion of sugar fac tory dur -
ing the 2005 cam paign,
which in fact runs as four-
-stage evap o ra tion plant.
That is also one more rea son
for in creased en ergy con -
sump tion that can be avoided
by cor rec tions of stem dis tri -
bu tion sys tem.

For all stages with fall ing
film evap o ra tors k-val ues in
func tion of dy namic vis cos ity 
are shown in fig. 4. Al though
a num ber of fall ing film plate
evap o ra tors was in stalled
through out sugar in dus try
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there is not a lot of lit er a ture data
about their k-val ues and hence lim it -
ing avail abil ity of prac ti cal data and
be cause of that com par i son of re sults 
with the help of this kind of di a -
grams is not yet ex act [4, 5]. As it
can be seen from fig. 4 ex per i men tal
k-val ues  are in good agree ment with 
re sults ob tained from the pi lot plant
fall ing film plate evap o ra tor of the
Berlin Tech ni cal Uni ver sity [4].

For the sec ond stage av er age k-
-value for each de cade was in range
from 3140 W/m2K for the start of
cam paign to 2600 W/m2K at the end. 
Dur ing the cam paign av er age k-
-val ues of third stage also had trend
of de creas ing val ues but not as sig -
nif i cant as for the first stage. The
fourth stage of evap o ra tion pro cess
showed sim i lar be hav ior, as the first
stage and k-val ues are in range be -
tween 2900 W/m2K at the be gin ning
and 2300 W/m2K at the end of the
cam paign.

For all stages with fall ing film
evap o ra tors val ues of ef fec tive tem -
per a ture dif fer ence Dtef in func tion
of dy namic vis cos ity are shown in
fig. 5. One of the main ad van tages of 
fall ing film plate evap o ra tors is their
abil ity to work at low val ues of ef -
fec tive tem per a ture dif fer ence and in 
that way, it is pos si ble to re duce the
tur bine ex haust pres sure [5]. How -

ever, as it can be seen from fig. 5 ef fec tive tem per a ture dif fer ence could be lower for the
sec ond and the third stage (av er age val ues 5 K and 5.6 K, re spec tively).

Conclusions

By ret ro fit de sign of ex ist ing Rob ert evap o ra tor ves sels were used as ves sels for
new fall ing film evap o ra tors (GEA-Ecoflex). In this way, en ergy con sump tion of
Sajkaska sugar fac tory was re duced for about 20% in com par i son with pre vi ous con -
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Figure 4. k values of falling film plate evaporators

Fig ure 5. Val ues of ef fec tive tem per a ture dif fer -
ence for fall ing film plate evap o ra tors



sump tion. A re sult of con tin ues mon i tor ing of fac tory per for mance done dur ing 2005
cam paign showed good ther mal per for mance of fall ing film evap o ra tors that are in good
agree ment with avail able lit er a ture data. At the same time, there are some pos si bil i ties for 
fur ther de crease in en ergy demand through some changes in steam distribution.
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