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Fig. 9. Electricity cost per kWh for analised 6 MW wind farm (surface class = 1).
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1. Introduction

Belchatow Power Plant is the Polish and European largest lignite fired conventional plant. It consists
of 6 power units of 360 MW capacity and 6 units of 370 MW capacity, which gives the total of 4380 MW
installed capacity. There are 6 flue gas desulphurization plants based on lime-gypsum method installed at
Belchatow Power Plant and another two ones are under realization.

Commencement of the construction of Belchatow Power Plant, which took place in 19?5, was of a
great importance both to the Polish power system and to the Power Plant itself, as its development
perspectives were very promising. Six years later, on 29" December 1981 the 1" Power Unit was
synchronized with the National Power Grid and the last one — on 12" October 1988, reaching the total of
4320MW capacity, as it had been originally planned.
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Power generation equipment is arranged in the 700 m long and 100 m wide main building, so its
total area equals 7 ha. The cubic capacity of the building is 6 million cubic meters and the total area of the
whole enterprise is 900 ha. Arranged by the main building, the two 300 m tall stacks allow — at the high
outlet velocity — to emit flue gases at the height of 0.5 km.

The annual energy production is 27 million kWh, which covers almost 20% of the whole country
electricity demand. Annual lignite consumption supplied by the local mine reaches 33—37 million tons.

Since the first power units of the Belchatow Power Plant have been operated over 100 thousands
hours, i. e. 70 % of the designed operation period, the suitable modernization plans has been already
elaborated and approved. Its realization should result in the turbines life extension and efficiency increase
and thus allow their operation for the next 15 years.

Belchatow Power Plant was designed in 70s. During that time the know-how within the scope of
environment protection engineering was much poorer, environmental legislation was much more liberal
than it is now and emission reduction technologies were at the early stage of their application in Europe.

Naturally, due to the production of huge amount of electricity and consumption of vast amount of
coal, the Plant is also a major source of emission. The year 1989 was the worst in this regard. During the
production of 28.2 million MWh of electricity the plant consumed 37.55 million tons of lignite, emitting to
atmosphere 405,400 tons of SO,, 77,000 tons of NO, and storing over 4 millions tons of furnace wastes at
the waste dump.

2. SO, reduction program at Belchatow Power Plant

The decisions taken in 1990 resulted in the realization of the first stage of the flue gas
desulphurization plant construction. The tender procedure for delivery, erection and start-up of the flue gas
desuiphurization plant resulted in selection of Dutch company HTS E&E. On 15" June 1991 a contract was
signed for construction of 4 flue gas desulphurization plants at power units Nos. §, 10, 11, 12.

After successive commissioning of FGD (Flue Gas Desulphurisation) plants within the period
September 1994 - September 1996, the first stage of installing these very crucial for SO, emission
reduction plants was finished. At that time they enabled SOy emission reduction by 1/3 in relation to
previous years.

Due to the worse coal quality (increased sulfur content in the fuel) another plant construction was
necessary. In the second half of 1995 a tender specification was prepared, and in the beginning of 1996 a
call for tender was announced for construction of flue gas desulphurization plants at power units No 5 and
6, which started the second stage of SO, reduction at Beichatow Power Plant. After detailed evaluation of
submitted offers, RAFAKO’s proposal was chosen and on 13" March 1997 a contract was signed for
construction of two flue gas desuphfurization plants at units No 5 and 6.

The new plants at units 5 and 6 constructed in years 1997-2000 and delivered by RAFAKO S.A.
operate according to similar wet lime-gypsum technology, which fulfills criteria of the Best Available
Technique — BAT, as it is defined in just being introduced EU Directive, so called IPPC.

It is also another SO, emission reduction since 2000, equaling 50% in total in relation to primary
total emission.

Aiming to prepare Belchatow Power Plant to more stringent national environment protection
requirements, and having in mind European Union regulations, the decision to build another flue gas
desulphurization plants at units 7 and 9 was taken. In 1999 another call for tender for the construction of
flue gas desulphurization plants at units 7 and 9 was issued with strengthened requirements regarding new
plants performance. Another two flue gas desulphurization plants at units 7 and 9 will be built after an
offer submitted by RAFAKO S.A. was selected and the contract signed on 2™ June 2000.



In 2003 the last two flue gas desulphurization plants will be commissioned and since then 8 units
will be equipped with the equipment, which is so vital for coal fired power plant, enabling it to reduce SO,
by 2/3 in relation to the situation 10 years ago.

In this way, the minimum SO, reduction program implemented by Belchatow Power Plant will be
finished, which is in line with SO, Reduction Program in Utility Power Sector accepted by government in
1996. SO, emission levels throughout years depending on burnt fuel are shown on the diagram (Fig. 1).
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Fig.1. Emission levels of SO,

3. Aerodynamic studies of an absorber
3.1. General information

Open spray towers are already used for more than 25 years in FGD application on power plant
boilers. Its technical and technological development was characterised by reduced dimensions of the
absorber, optimisation of spray nozzle design and mist eliminator design. Despite all the developments too
little attention was given to the aero- & hydrodynamics of gas and fluid flow in spray towers.

The first FGD piant on a power boiler fired with lignite was erected in Poland at Belchatow Power
Plant. Various measurement of the SO, distribution at the absorber outlet had shown a quite unequal
distribution what indicated unequal gas flow inside the absorber. Therefore it becomes necessary to
analyse the gas flow distribution inside the absorber. Such studies were done on a physical model of the
absorber. Typically physical models are make as a transparent constructions what enables visualisation of
the gas flow with smoke or spark markers. Fluid dynamic studies of technological equipment (using air) do
not take into account the influence of a dispersed phase component, in that case dust or liquid. These
studies allow testing the main direction of gas flow, pressure drop as well as the space velocity distribution.
In result it is possible to estimate and optimise various constructional versions of a tested device.

Power boiler flue gases cleaned in an ESP (Electrostatic Precipitator) are introduced into bottom part of an
absorber by means of two fans. The desulphurisation processes in an absorber take place when flue gases
comprising SO, come into contact (react) with counter flow sprayed milk of lime slurry. The CaSO; after
oxidation forms gypsum crystals that are collected after hydro-extracting. The flue gas temperature at the absorber
outlet is about 65°C and it is further increased of 10 degrees with hot air taken from air preheaters (Luvo).

There are considerable variations of sulphur content in the fired lignite which results in temporarily
increase of SO, above the designed value of 4000mg/m’ even up to 7000mg/m’. In such cases the sulphur
dioxide removal efficiency heavily deteriorates.
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FGD absorbers in Belchatow Power Plant have four spray levels designed in such a way to evenly
distribute the sprayed liquid across the entire absorber cross-section. In a case of simultaneous occurrence
of unequal gas flow distribution in the absorber and SO, increase at its inlet the desulphurisation efficiency
drastically drops down. The desulphurisation efficiency mainly depends on volumetric ratio of L/G and the
contact time of gas with liquid. The volumetric ratio L/G represents the ratio of liquid (a suspension
volume in dm®) and gas phase (gas unit i.e. 1m°).

In order to solve all the FGD operational problems the Belchatow Power Plant ordered Politechnika
Wroclawska to carry out aerodynamic model studies of one FGD absorber and elaborate recommendations
to increase the FGD plant efficiency [1].

The layout of a power unit with FGD plant of Belchatow Power Plant is shown on Fig.2.

3.2. Model of the absorber

Gas distribution analysis were done on a physical model of absorber made in a scale of 1:20 [2]. A
reliable model for hydrodynamics studies is when the Reynold’s number for the model is greater than Re>
10%, which guarantees absolutely turbulent gas flow in a model (so called range of self-modelling). It is
important with the studies to fulfil the dynamic affinity criterion of the Euler number. This criterion
enables transfer of hydraulic resistance from a real object to the model and vice versa. In order to obtain
the proper picture of a gas flow in different FGD installation elements as absorber and gas ducts, it is
possible to use the well known principles of gas flow movement in straight and combined gas ducts [3].

The absorber model has been made according to the design layout that is why those obtained results
can be used as a base for optimisation of the flue gas desulphurisation process.

Table 1 gives the basic data of the FGD installation.

Table 1
Basic data of the FGD installation
Item Description Unit Quantity
1 Absorber diameter m 18,7
2 | Absorber height m 43,2
3 |Number of spray levels - 4
3 472,2+5833
4  |Flue gas volume (at STP condition) m3 - . 5
m~/h ,7-10°+2,1-10
3 -+
5 | Water consumption m/s 0,014+0,033
m’/h 50+120
. ° +14
6 |Flue gas temperature at the absorber inlet I((: ;g;__ 2 12 ggg
°C 65
t
7 |Flue gas temperature at the absorber outlet < 333
SO, concentration of flue gas at the absorber inlet
mg/m’ 3004130
8 | (at STP condition) e/ 2300
9 SO, concept‘ration of flue gas at the absorber outlet mg /m3 < 400
(at STP condition)

ceraitus Hériowsee
Dos YWIBRpCRTRYY
2 B AITEXHIKAT




HOLDIS 4DMOG MOIDYIRG Z[ Pup [[ ‘0] '8 11un 404 2wayds 7 ‘31

wnsdfio

ije uontepix O

. 1a3em BIsSeM
Aanis wnedf o
Ainisjueqs 0§

ou o}so Wi
L]
Bupeay-sJiaye seb uwjd
seb uwm| D

seb onjd

s n R 3
AR

JOJBM S§80D0 Ud vemsumempmmnonaic

nd ues
dwnd Aun|s d wndieis )

jusgiog X Z xz

Aunis winsdA9o x gz x 7

juswiea . o3
jeleMm BSEM

18)) ng hhuﬂ ?L =

arEmx L Ai103oe)
‘ 01 1% 41p
, ‘ 10 abeusojs
AR AR K S — o)y wnsdA S
dw ndiajemyns X ¢ u"uhw«m;x .

R O

R

R eronansy

Nuey Aung

jueqiog x 3 NUR iosUe )
Aunis

wnsdA9 x 2

10 1uiedes
elowe} X ¢

19qios qy X Z

L4

Sttt P

suojshaoapiy

ols sbe)s-| x ¢
au ojso i
X ¢ (4@amoy Bujjooa

Wo 1j) 101 M 88090 FF T 2 0.3 s
worshs I——

J0heAu 0D X T 10 18 WOl BU 0380 WY

Y1 UONEPIX O

sabnjinued

S

4 wnsdAo x gl
osseidw
X0 X
3 ue) poay 1938 M
e Bnyyue p uhot 9
o
2 PRVR—
~8jEW X T X
AEW X Z XY yueyiaje
dn-aj e X P ‘
Bommmmomeasmes 1038 M dN-3)e W
uejsoys ng X ¢
= 1211 08 X P

Joyepdjdaid X g n ¥

10d weq x Z x ¢



3.3. Visualisation of gas flow

In those tests a spark marked visualisation technique has been used (with burning sawdust particles).
Burning sawdust particles having very small inertia are moving along trajectories nearly approaching the
flue gas flow movement. This technique enables not only observations of the gas flow but also makes
possible camera recording of the observed phenomenon. The character of gas flow i.e. its main direction,
recirculation spheres, as well as any flow perturbations due to the inner constructional elements can be
easily identified.

The results of visualisation tests are pictures of gas flow inside the model shown on Fig. nos 3 & 4.
The tests shown a quite unequal gas flow in the absorber cross-section. There were observed regions with
high gas flow velocities as well as regions with back flow of the gas. On the base of visualisation tests it
was found that the gas practically flows through a half of the absorber cross-section only when the other
half is almost unused. It is the result of unfavourably configured inlet gas duct to the absorber, as shown on
Fig. 3.

Fig. 3. Visualisation of the gas flow in the FGD absorber model
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Fig. 4. Visualisation of the gas flow in the bottom part of absorber

4. Conclusions

Aerodynamic studies of FGD absorber gas flow pattern and visualisation of the gas flow makes it
possible to evaluate the constructional design concept of the absorber from a aerodynamic point of view
and to create a base for optimisation of its operation [4].

Test results of a gas flow character inside an absorber has shown that the commonly used
assumptions of homogenous gas flow character in process models are not right.

The unequal gas flow results in unequal gas spraying with slurry. At the same moment, the contact
time of a flue gas with slurry in high gas velocity regions is too short to secure a right course of SO,
process reactions, as the SO, removal efficiency depends mainly on the ratio of L/G (liquid/gas) and
contact time of liquid slurry with flue gasses.

The increase of absorber SO, removal efficiency is possible by modernisation of its spraying nozzle
arrangement, implementation of high volume nozzles at high gas velocity regions and low volume nozzles
at low gas velocity regions,

1. Jedrusik M., Gostomczyk M.A., Swierczok A.. Nowaczewski E. Badania modelowe aerodynamiki
reaktora do odsiarczania spalin, Materiolty Konferencji Naukowo-Technicznej ENERGETYKA, 2002, 6—8
listopad 2003. — S. 279—284. 2. Gas flow model studies. IGCI Publication No EP-7, January, 1997. 3.
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Decentralized electric power generation is playing a more and more important role
in power systems. Decentralized electric power generation or so called distributed
generation (DG) can have a significant impact on the power flow and voltage profile in
electrical network as well as on power quality indices. This requires a suitable means to
analyze the influence of such technologies on the electrical networks. In this paper performance
peculiarities of the electrical network including DG are considered.

1. Beryn. Iin nousatram “po3noninieHe reHepyBanns’” po3yMiloTh poOOTy HEBENHUKMX €NEKTPUUHHMX
reHeparopiB, AKi NPUEAHYIOTh a0 Ge3nocepeHbO 10 PO3NOAITBEHOT Mepexi, a60 Ha CTOPOHI CrIOXKKUBaya, 3
MOTY>XHOCTAMH, 3BM4aiiHO MeHIHMH Bix 10...15 MBt. Texnonorii po3noaineHoro reHepyBaHHA BKITIO-
4al0Th (POTOETEKTPHUHI reHepaTopH, BiTpoBi TypOiHM, MiKporasoBi TypOiHH, reHepaTOpu 3 JABHTYHAMH
BHYTpIilIHBOrO 3ropaHHs [1, 2, 5, 7, 9]. Lli TexHoMOri CTPIMKO PO3BMBAIOTHLCA i 32iMAIOTh CBOE Miclie Ha
PHHKY eHeprii. B YkpaiHi TeXx croctepiracTbcsi L TEHIEHLIsS 3aBIAKH PO3BHTKY €HEPreTHYHOTO PHHKY,
€KOHOMIYHIH NpHBabIMBOCTI KOreHEPYIOUHX [DKEpeN eHepril, TEXHOJIOMYHHM JOCATHEHHAM y BUKOPUCTaHHi
Bi/IHOBJIIOBAHHMX €HEProHociiB. IlepeayMoBamMy posnonieHol reHepallii € MOoCTayaHHs CNOKHBAYIB E€NEKTPO-
EHEpri€IO 32 3HWKEHOK COOIBapTICTIO 3i 3HWKEHUMH BTpPaTaMU NOPIBHAHO 3 TPAIHLIHHM LIEHTPa1i30BaHHM
nocrauanHaM. JIOAaTKOBO MiCHEBI pecypcH, siKi BKJIIOYAIOTb BiJHOBIIIOBAaHI JpKepena eHeprii, MOXyTb
OyTu BuxopwucTaHi. [Ipote posnonineHe reHepyBaHHS MOXE MaTH iCTOTHHI BIUIHB HAa PEXKHM €1€KTPHUHOI
Mepexi Ta AKICTb €NEKTPOEHEPrii, 110 BaXUIMBUM € i AJd CMOXHBa4iB, 1 I NOCTa4aIbHHKIB €IEKTPO-
eneprii. Lle# BB Moke OyTH ab0 MO3UTHBHUM, a00 HEraTHBHHUM, 3aJI€KHO BiJi 0COONHBOCTEIH eleKTpHY-
HOT MepexXi Ta XapaKTEPUCTHK reHepaTopis [2].

SIkicTh eneKTpoeHeprii cTala BajiJIMBOIO NpPOOTEMOIO 332 OCTAHHE AECATHPIYYA 3aBISKH BiTdYTHOMY
30UIBLIEHHIO BHKOPHCTAHHA CHJIOBOI €NEKTPOHIKM B CHCTEMAx eJIeKTPONOCTa4yaHHA CroXuBayis. Bnpo-
BAUKEHHS PO3MOALIEHOr0 reHepyBaHHS MOX€ BiIYYTHO BIUIMBATH Ha w0 npobuiieMy i, SK MpaBWIO,
ycwiaanioe ii [3]. PosnogineHe reHepyBaHHA MOXe MOKpPaIATH piBeHb HANpyru y Mepexi [4, 8]. [lin’eanani
yepe3 iHBEPTOPH FEHEPAaTOPH BHOCATH CIIOTBOPEHHS CHHYCOIAHOCTI HAmpyrH B mepexi. KonmuBaHHs mo-
TYXKHOCTi, fKa TFEHEpPYEThCA B MEpPeXy AESKMMH €eeKTPOCTAHLIAMH, HANpuKian, BiTPOBHMH i (GoOTO-
€NIEKTPUYHHUMMU, MOKE CIIPUYMHHTH KonuBauHa HanpyrH (8, 10). 3 inworo 6oky, posnoaineHa reHepanis
MOXe NMOKPALIMTH HaliHHICTH enekTponocrayants [10].

Y uiii cTatTi BUK/IANEHO AeAKI pe3ynbTaTH aHanily AKOCTi €NeKTPOCHEPTil B eNeKTPHUYHUX Mepexax 3
PO3MOALNIEHOIO TEHEPALLIEIO.

2. AkicTh enekTpoeneprii

2.1. Bioxunenna nanpyzu. AKTUBHa NMOTYXKHICTb, Ky BUPOO/SIOTH PO3NOAIIBLHI FEHEPATOPH, PH-
BOJMTH 10 3MEHILEHHS NPUTOKY AKTHUBHOI NOTY>KHOCTI BiJl €IEKTPOCHEPreTHUHOT CHCTEMH 1, AEAKOIO
mipolo, cTabutizye Hanpyry By3na. CBO€KO 4eproio, peakTHBHA TIOTYXKHICTb, fiKa reHepyerscs abo CroxH-
BA€ThCH PO3MOAUIEHHMH MEHEPATOPaMH, MOXE BUKIIMKATH 30UIbILEeHHs ab0 3HIKEHHS HANpyrH 3aJIEXHO BiJT
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