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Abstract

Thermal Power PlanfTPP) Bitola is the largest lignite-basdd®P in the Republic of Macedonia
with three units put into operation in 1982, 1984 and 1988, respectivitlyhrée units have
already operated more than 200.000 hours each, therefore thé&ayr deyond their normal life
expectancy. Thus, a large-scale rehabilitation programdimgjuextensive boiler rehabilitation of
all three units, lignite supply chain modernization, stearhies, generators and control system
modernization, etc. was initiated. During rehabilitatiorspacial attention was paid that after the
rehabilitation, all three units become fully compliant with &g Directive for LCP Plants (EU
Directive 2001/80/EC).

In this paper, the authors present brief description of the éxgelpsiler’s rehabilitation program,
the implemented technology, and some lessons learned during the pbeebsabilitation. In
addition, the achieved rehabilitation results are also givenligndssed.

Key words: coal-fired thermal power plants, rehabilitation, combustion il&U Directive
2001/80/EC
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AOcTpaKkT

Tepmoenektpana (TE) buross je Hajeha TE 'y PenyOmuim MakenoHuju kKoja KopucTH jgomahu
JUTHUT ca TpH jenunuie mymrene y pag 1982, 1984u 1988.roaune. Cee Tpu jeaunuie Beh pane
Butie o1 200.000catu cBaku, mpemMa TOME OHHU CY JIaJeKO MPEKO HKUXOBOT HOPMAIIHOT KHUBOTHOT
Beka. AJ] ,Emextpann ma MakenoHuja“ cy HEMHHOBHO IOKPEHYJE MpOrpaM pexaOuinTalmje
BEJIMKHX pa3Mepa Ha CBE jeIMHMIE, YKIbYUyjyhn pexaObminTaiyjy KOTI0Ba, MOJCPHHU3AIIN]Y JIAHIIA
cHa0/ieBama JINTHATOM, TIapHE TYpOHHE, TeHEpaTopa U MOACPHHU3ALN]y KOHTPOIHOT CHCTEMa, UTI.
Tokom pexabunmranyje, ocobuTa naxma je Omia nocBeheHa 1a HaKOH pexabWiIHTaIyje, CBe TPH
jemuHuIE Oyay MoTnyHO y ckiany ca qupektusom EU 2001/80/EGa Benuke enekTpaHa Koje paje
Ha 0a3u caropeBame yriba (Large Combustions Power Plants).

VY oBOM pajy, ayTOpH NpeACTaBibhajy KpaTak OMUC OTICEKHUM PaJioBa Ha peXaOMINTAaluU KOTIOBA
TEPMOEIIEKTPaHe, OIHC MPUMEHEHE TEXHOJIOTHje, Ka0 W HEKe JICKIHje HayudeHe TOKOM H3BOhema
nporpama pexabmnurammje. [lopen Tora, y paay Cy TpHKa3aHd W OCTBAapeHH pe3yJTaTH
pexabunHTanje y3 oaroajyhy IucKkycujy UCTUX.

Kibyune peun: TepmoenieKTpane Ha yrajb, pexabunnraiuja, Kotiaosu, EY nupextusa 2001/90/EC



1. Introduction

Almost 80% of whole electricity production in theepublic of Macedonia country depends on burning
local coal while Thermal Power PlarfiRP) Bitola is the largest TPP which utilizes domedgoite [1].
After closing of the TPP Oslomej in 2013 due tlaf suitable quantity and quality of the localnitg,
TPP Bitola becomes the solely coal-fired TPP in toeintry. With its annual electricity production
estimated at around 4,600 GWh, TPP Bitola has anpaunt importance for stability and security of the
electricity market within the Republic of Macedanand Macedonian power sector became extremely
vulnerable and dependable on its proper operation.

TPP Bitola plant is located in the southern parthef country near the city of Bitola. It consisfstluree
identical coal-fired power units that utilize lolyaimined lignite. Originally, the power plant haur¢e 210
MW units commissioned in 1982, 1984 and 1988, redpey. In 1994, all three units had capacity
upgrade from the original 210 MW to 225 MW by meafsincrease of the steam flow. The average
lignite consumption of Bitola TPP, depending on liaite quality is around 6,000,000 tons/year ehil
the average net electric efficiency is about32%, which is rather low compared with the modern
combustion type TPP which utilize the Bastailable TechnologyRBAT) [2].

Put into operation back in the 1980s, all threasuhave already operated more than 200.000 howuts ea
Working beyond their normal life expectancy, a &asgale rehabilitation program was compulsory
mostly to prolong their operational life. Therefoire 2008 the JSC Macedonian power plants (ELEM) wh
is the owner and operator of the plant, made ingpbrdecision to initiate rehabilitation on all tarenits in

the period of three consecutive years [3], [4]. Tie@n purpose of the initiated rehabilitation preogrwas

to identify the scope of the rehabilitation works éach power plant separately, that will extefetifne of

the main equipment, improve energy efficiency amdrall unit performance as well as reduce negative
environmental impacts. All of that had to be daaldrtg into account the locally available ligniteseeves
and potential fuel supply schemes. The rehabtitagprogram should at least extend the overall life-
extension of each unit for min 120,000 hours tleatesponds to about 15 years of additional operatio

In this paper, the authors present in brief thele/poocess, starting from the investigation of ier@aining
operational life of the existing equipment, defnit of the total scope of works, selection of thestb
offered rehabilitation scheme, do the rehabilitatiworks and compare the expected with achieved
rehabilitation results. The main accent was paithéoboiler rehabilitation as the heart of each gounit.
However, the rehabilitation program was additionaktended to other, more or less crucial partsh 1$
coal mills, water and air feeding pumps, replacanoérexisting with new modern and low NOXx burners,
full rehabilitation of the generators, and finallgfroduction of modern control system that coutditde
inclusion of TPP Bitola units in the group of powdants that could provide auxiliary services te th
Macedonian Power System Operator (PSO). The authase this paper with a brief presentation of the
results and lessons learned during this extensivahilitation program.

2. Preparation phase

Performing extensive rehabilitation on the unittire so much important for our country’s powegpsy

is complex, difficult, and highly sensitive taskaving this in mind, for the most important task was
perfectly execute the initial step, the so-calledparation phase of the rehabilitation program. et

important challenges during this phase were:

> Estimated, as close as possible, the present sihthe existing major equipment and to estimate
how long could these equipment be able to propgrgrate in the future,

Analyze the past operation of each unit and allota¢ most critical points that were main source
of unexpected outages at least for the last fiterioyears,

Analyze activities that were usually done during tlegular yearly maintenance period for each
unit also for the last five to ten years period,

Perform analysis of similar rehabilitation prograatiseady done to similar power units worldwide
and investigate the actions, achieved improvemamsoperational results,

Discuss with the major equipment producers aboeir flatest experiences and improvements in
their coal-fired unit design program and see iftbeuld be applicable to our old plants,
Investigate the latest EU Directives in respecbltter combustion type power plants, especially
EU LCP Directive 2001/80/EC — the EU Directive fbarge Combustion Plants, regarding
emission reductions and eligibility that our powéants after rehabilitation could get full approval
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from the EU Energy Community in respect of air esiuis limits and standards,

> Make financial estimation how expensive this relii@ion program could be and compare these
costs with costs for performing any other progranasg could provide us with the similar results on
a long run, such as decomposition of the existifantp and their replacement with a new
contemporary units, refueling of the existing oméh other fuels, most probably natural gas, etc.,

» Define an appropriate rehabilitation plan and sakethat could provide enough time each unit to
be under rehabilitation program and out of operatamd not aggravate the general power
production program in the country. Finding suitabieing and replacement for the unproduced
electricity during rehabilitation period from othgower generation sources and under which cost,

» Assemble a project unit or team of qualified peesdrom within the company, and if necessary,
engage outsourcing staff that would closely mortterwhole rehabilitation process,

» Do a SWOT analysis for the rehabilitation programd aelect any mitigation activities that might
become necessary in case of occurrence of unexpeablems during the implementation.

The above extensive list confirms that only aftereul consideration of those issues one could wiigin
rehabilitation program. For combustion type powkemnts, the critical issue is the combustion boded
the piping system inside the boiler. AlImost 90%lbidefects are directly or indirectly connectedhapipe
burst inside the boiler due to narrowing the thegsof the pipes and/or uneven heating of the pipass,
the quality of the piping system inside the boiteof large importance. Therefore, a study of tigng
system for all three units in TPP Bitola was doeéole setting the scope of works that should bé gfar
the boiler rehabilitation work [5], [6].

As a result of the boilers and boiler’s piping exaation, on one side, and having into consideratian
existing BAT for LCP plants and some already penfed modernization on similar TPP [7], on the other
side, three possible approaches for sustainableng®in of the operational life of Bitola TPP were
initially considered:

1. Performing large-scale rehabilitation program & #xisting units including boiler rehabilitation,
lignite supply chain modernization, modernizatioh sbeam turbines, generators and control
system, desulphurization, etc.,

2. Replacement of all three units with completely rewd modern super-critical power units, fully
compliant with the BAT for LCP plants, or

3. Mixed approach, rehabilitation of some of the emiptunits and adding some new and modern
super-critical power units.

For a country that has wide margin of available @ounits in the pipeline that could be started uprg
time if it is necessary regardless of the productiost that they have, the execution of any rehatiin
program is much easier. However, in a country Macedonia, which has very limited, or especiallyhia
winter period, no margin at all and where any sfgbwer plants has special place in the countryisgp
generation plan, taking a major rehabilitation pamg for such important power plants is high risdpst

3. Constrains and Investigation of Potential Alternatve Solutions

As mentioned above, the main question for the poplant's owner wasHow to provide sustainable
extension of the operational life of TPP Bitolalwléast-cost investments adhere to the EU Envirotethe
Directives for the expected period of locally-mirigghite? To answer the above question, several constrain
factors had to be investigated:

1. The security of electricity production, not onlyteafrehabilitation, but also during the process of
rehabilitation/replacement of existing units wittwimodern units,

2. The estimated life expectance of the local ligniiees, i.e. estimate the amount of available and
economically feasible quantities and qualities lignite that could be extracted from the
local mines and utilized for electricity productiahTPP Bitola,

3. The amount of total investment necessary for ratim of whole project, either rehabilitation of
the existing units, or decommissioning of them esplacement with new units,

4. The achievable environmental improvements with dagsgale rehabilitation program, and to
compare these achievable values with prescribedospg values for each pollutant by the
respective EU Directives for such thermal powentda



3.1  Security of Electricity Supply Constrain

The first crucial step before even thinking of mavia rehabilitation program was setting the maximum
period that Macedonian power network could sustdth a single power unit out of the grid. This efi
was set to be 120 days per year the most. Theastsr@s two major conclusions: (1)if rehabilitatios
considered, only one unit per year could be retliatedd, and (2) only those companies that guarantee
successful execution of the whole requested areteaaffscope of works within maximum time period of
120 days, could be eligible as potential operafbinss, to adhere to the above two major preconustia
good and precise schedule for production of thépagent, timely delivery of the parts to the sitelarell
organized field work were necessary.

3.2 Life Expectanceof Local Lignite Mines

TPP Bitola uses the locally excavated low-caldgaite from two existing lignite mines in thecinity of
TPP Bitola, one is the older mine Suvodalhwestimated reserves of lignite of about 20 miiltonnes,
and the newly opened lignite mine Brod-Gneotinchvéistimated reserves of about 30 million tonnes. In
addition, there are activities for opening thedhine, the so-called Lower Lignite Layetd L ) below the
existing surface mine Suvodol which according tperformed studies could provide additiorl
million tonnes reserves of lignite. With suitaldembination and homogenization technology, theseeth
lignite mines could provide approximately 100 tosié lignite enough for stable electricity prodoctiin

the coming 15-16 years with annual lignite consuompof approximately 6.0 million ton/year [8].

Accordingly, it is obvious that construction of &w coal-fired unit in TPP Bitola could not be fully
justified since the operational life of new unisbietween 25 and 30 years, a period for which ltgalte
mines cannot secure stable lignite supply. Furtheestigations might give some optimistic figurésie
takes into account that new units could have langérefficiency &pp. 36-38% than the existing one81-
32%). This 5% net efficiency increase could providgmite savings per yeaagp. 320,000 tonnes/ygaor
prolongation of operational life in total for thevestigated 15 years for additional 4-5 years, thigiht be
valuable only in case that the investment in thes nmits would be economically justified over the
investment made in the rehabilitation of the ergptinits.

3.3 TheAmount of | nvestments

The amount of the investments and the possibilitesobtain them under most favourable financial
conditions was a crucial issue, too. TPP are natuiable investments projects for the major inteomal
financial institutions EBRD, IBRD, KfW, EIB, etcProviding loans for coal-fired TPP is very clkaljing
and highly unsecured task, due to their unfavoeravironmental footprint — large emissions of CO
NO,, SQ,, dust particles, etc. It is more likely to obtaimtable loans for modernization, rehabilitatior an
environmental improvements of the older TPP urttgn for construction of a new, even BAT TPPs.
Additionally, new units usually come with BAT sueBCCS (Carbon Capture Storagelow NOx burners,
desulphurization units, electrostatic precipitata®. The additional increase of the investmentooe
side, and in parallel, decrease of the unit’s &fficy due to increasing the electricity self-conption of the
plants, on the other side, very often is not thet belution.

3.4 Environmental constrains

TPP Bitola is one of the largest concentrated patlis in the Republic of Macedonia regarding the
emissions of the Green-house Gas§&4@), in particularly, NQ, SGx and dust particles. The current
emission rates for all three pollutants are sevémaés above the admissible rates by the LCP EU
Directive [7] and the admissible rates of a new arudiern large combustion power plant burning lignit
and utilizing theBAT. According to the results of recently done study @ average amount of NO
emissions at TPP Bitola were little above Directittowever, since afte2016 the admissible amount
drops down to only 200 mg/Ninwith future tendency to go down as low as 50 mgf/Npoints into
direction that the averagmlue had to be at least halved. The situatiorh \eitnissions of S was
even worst. From the average value of 2,700 mg/Nnwas necessary to decrease the emission rates
initially to 400 mg/ Nm (almost 7 times and beyond 2016 further down to 200 mg/*Nor almost 14
times. Similar results were observed in case ofsgioms of dust particles, where in order to adhere
LCP Directive before 2016 the amount of dust pkasic emissions should be reduced 6 times, from
existing 300 mg/ Nrhto admissible 50 mg/ Nin Beyond 2016, the situation could be even tougher,



and the reduction rates could be lower even 10stidosvn to only 30 mg/ NinAll these requirements
are difficult and expensive to achieve. Howeveg, Bt Directives are must for anyone who would tike
continue with electricity generation using coaeflr power plants and in the same time to pursuit
accession with other EU, and does electricity tnaidlein EU borders.

4.  Boiler Rehabilitation — Scope of Works
The full scope of rehabilitation could be dividexda three main parts:

1. Rehabilitation of boilers including rehabilitatiasf coal mills, water and air supply and coal
burners,

2. Rehabilitation of the generators including stakciters and voltage regulation, and

3. Rehabilitation of the control system for controtianonitoring of the power unit operation.

In this paper only the first part, the rehabilibatiof unit boilers would be discussed.
4.1 Existing boiler data

The existing boilers at TPP Bitola were classici)-2odolsk P-65 model boilers as shown in Fig. ie T
P-65 steam boiler cross-section has T-letter shape,consists of three vertical parts mutually emed
with horizontal gas duct. The central part is fuemand has octagonal shape. Upper part of thedarisa
tightening and converts into quadrilateral. Wali§uynace are separated into three different pguth are
low, middle and high radiation part. The combusti@mperature is approximately 1400°C and the
temperature of gases in feedback chamber is 80Di€.amount of coal combustion is between 238 and
360 t/h. On the level 14,355 mm and 17,065 mm efftbnt and the back part of the furnace, four fuel
start-up oil burners are placed, all with burnirapacity of 2 ton/h. The mill fan starts working whe
temperature of feedback chamber is between 4208C486°C, while the under pressure in furnace upper
part is between 30 and 50 Pa. The oxygen levetam@mizer can’t be lower than 5%. In the other two
parts there are two parts: primary and seconda&anstsuper heaters and water re-heaters — econemizer
The boiler's basic parameters are: production afimam of 700 t/h steam with primary steam tempeamtu
of 545°C at primary steam pressure of 140 bars. ddiker efficiency is 85% burning coal with caloric
value of 7699 KJ/kg.

4.2 Brief description of modernization and planned rehabilitation activities

As defined, the main target of the rehabilitationgess was permanent, effective, safe and secllex bo
exploitation for additional 120,000 hours, with fledowing guaranteed characteristics:

Coal caloric value in the range between 6,179 88K.J/Kkg,

Steam production: 700 t/h, with exploitation of Blsnwith coal caloric value given before,
Primary steam temperature: 545°C;

Primary steam pressure: 140 bar;

Secondary steam temperature: 545°C;

Water supply temperature: 252°C;

Guaranteed variation of steam boiler working patanseshould be +1.5%,

Permanent, effective, safe and secure boiler exgpion without break-down,

Increasing of boiler’s efficiency,

Extend the lifetime on the heating surfaces ofbiéer and made suitable protection,
Reduce the gas outlet temperature, and

Reduction of NOx emission and improve environmeamtrs in according with EU directive after
2016.

4.3 The selected rehabilitation scenario
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Using the international competitive procedure, @@man company Babcock Borsig Steinmiiller (BBS) was
selected as the best evaluated bidder for boitetyiétation, among else the following activities:

» Changing of the main boiler components in the costibn area and the coal dust burners with
adequate pulverized coal burners,

Replacement of the coal classifiers and pipes af dost,

Installation of two air levels of combustion, treecalledOver Fire Air (OFA) levels,

Installation of hot tubes and burners for initigtition, for primary, secondary and air burnings,
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» Revitalization of the air pre-heaters are the catgpteplacement of hot metal baskets,
> Accordingly, reconfiguration and adaption of a nBigital Control System DCS) with adequate
measuring devices, sensors and actuators.
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Fig. 1. The schematic disposition of a) the bdieating surfaces, and b) the schematic disposition
of the line of primary steam.

The BBS guaranteed the following as a result offfifered rehabilitation activities:

» NOx emissions< 200 mg / Nm? at 6% Oin dry smoke output only with primary measures, at
maximum nitrogen content in fugl0.46%,

CO emissions 200 mg / Nm3 at 6% £n dry smoke output,

Steam temperature of 545°C in the range betweem@@00% of the max boiler power,

Boiler efficiency > 86.5% at 100% load and quatifycoal set by the investors data,

Availability > 91% for the first 12 months after ohernization, and

Availability > 95% for the next 12 months and begion
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4.3.1 Extension of the life expectancy

The boiler is the dominant part in the whole tedhgal process of power generation in the combusti
power plants because it produces required quaatityquality of the steam to drive a steam turbkea
result of different number of operational hours #melstatus of the equipment at each of all threts,usome
variations were necessary. The major rehabilitatasks are schematically given at various areathef
boiler at Fig.2. As shown the major rehabilitatiwas scheduled for the lower burning area of thieb¢ee
Fig. 3), where beside installation of new Low-NQuxters at new locations, a new and improved desfign
the burner’'s openings is proposed together witfexdiht angles of coal dust supply from the millshe
boiler at angles of -T0-9° and -28, respectively, in order to achieve stable and lgveistributed fireball
within a diameter of approximately 2 m (Fig. 4).eTamount of steam that could be providing with Yn-1
mills, strongly depends on the quality of the coskd, and according to the simulation, the retatek
boiler could generate between 60 and 100% of ttedd ramount of steam with (n-1) mills for minimum
caloric value of the supplied coal of 6.18 MJ/kdLg#80 kcal/kg (see Fig. 5).

For better heat and erosion protection of the Iseafaces inside the boiler's hopper area, a prooéss
thermal coating was used. The area where thisgirotewas applied schematically is presented in &ig
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Achieving emission reductions in accordance withBkéctive 2001/80EC

Beside prolongation of the operational life, we badake into account that this prolongation muesirbfull
compliance with this environmental EU Directive 2080/EC, thus, the following actions were envisaged
and preformed:
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Installation and re-arrangement of the new Low-NfDrners (Fig. 4),
Installation of Over Fire Air (OFA) in 2 levels aftresuction openings (Fig. 7),
Adjustment and improvements of coal mills (Fig. 8),

Increase of controlled air by sealing measures,

at refractory and insulation,

at openings in coal conveyors,

at sealing of cold air damper in resuction duct| an

at tip grate.

Optimization of coal/air ratio, including

extended air flow measurements, and

extended coal flow weighing.

Optimizing of primary air injection into recirculah duct.

Investigation of the proposed measures and vatidaif the expected results after performing thetfaller
modernization, was done using a special 3D modédhefexisting boiler before and after the proposed
modernization (see Fig. 9). Using these models,etliended 3D CFD analysis of the whole combustion
system was done at the University of Stutgart. Ti#ained simulation results before and after
moderinization of the boiler for the flue gas vatpand temperature are presented in the Figs.nti014.
New and improved techniques for coal duct arrangesnghown in Fig. 12 and for hot air duct distribat
system shown in Fig. 13 were also considered. Kindle improvements in the upper boiler parts wadse
done by means of installation of two Over Fire LOFAL1 and OFA2) systems approximately at boiler’'s

levels

41m and 52m which provide smooth and stfbke gasses in the boiler’'s upper part and evenly

distributed temperature field as can be seen frign1A4.



4.3.1 Improvement of boiler’s efficiency

Taking into consideration that the original boilerere constructed in the yearly 1980s, from one,sohd
the recent improvements in the technology and nadgerthe existing boiler efficiency was not high.
However, during the process of modernization antth wtilization of modern materials as well as mader
simulation technology such as 3D CFD analysis endhasign stage, we could expect increase of tHerboi
efficiency as one of the important rehabilitatiartammes. The bidder did intensive research hownfréve
the boiler’s efficiency and with the provided déba the coal quality, BBS offered that even in therst
case scenario for coal quality, the boiler's effi@y could be higher than 85%, which is 4% highantthe
existing efficiency, while in case of best qualital, the efficiency increases almost 7% (see F5y.
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Existing (old) boiler Modernized (new) boiler

Fig. 9. 3D model for CFD analysis.
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5. Obtained Results and Lessons Learned

The biggest challenge was to prove that the exdcrgbabilitation activities result with the expette
outcomes and that they are the same and/or ever betguaranteed by the selected bidder. Foptirabse

a specially prepared tests, so-calledest after Completion” (TAC) runs were performed on the
rehabilitated boiler. The obtained results durimg TAC run strongly depended on the initial pararsethat
had to be equal to the predefined values givehérténder documents by the employer, i.e. ELEMotal 8
(eight) TAC runs were done, with different initiphrameters and loads in order to analyze the tiler
response under various operational conditions.riai@ data for each of these TAC runs is given ibl@4.

The main conclusions derived from all runs showed the most important rehabilitation targets, saslthe
boiler efficiency, the steam production target @inel NOx and CO emission targets were fully achieved
Additionally, the boiler operation with 5 mills abminal load and 700 t/h was achievable in casé¢ating
value of the used coal was in the range of corgdadtta, the boiler feed water temperature wase&ew
the contracted value, resulting in the increasadleestion power by approximately 2%. Some additional
benefits, not initially expected during design ghasere also observed among them, the mass fldwiksr
bottom ash after modernization was approximateBb 18wer as predicted; the content of unburned ahar
dry ash (ESP) was also lower than expected; therboperated very well and reliable; the instalfigshg
system fulfilled the requirements concerning lowxXN€é@mbustion, and the CO-emission was very low.

As can be seen from Table 1, the TAC runs alsobé&shsome minor deviations from the guaranteed data
needed for boiler testing (see TAC Run #7), modtlg to different fuel useflower ash, higher heating
value, and higher water content than in design xodifferent feed water temperatuf236°C instead of
252°C as predefineg)different HP steam temperature during TAC rgB89°C instead of 545°C as
predefined)and different HP steam mass fl¢gw03 t/h instead of 700 t/h as predefinddpwever, as can be
seen this minor changes in the input data, doebana significant influence on the obtained TAQuHss

To compare the TAC results with original designadatovide in the tender offer, special boiler siatigin
software nametBODI” was used. The calculated data obtained with titsvare, compared with the TAC
run #7 data and the original design data offergdradering process, are compared and presenteabie 2.
It is obvious that the TAC run proves that the &oikhabilitation tasks were performed correctiuténg in
the desired modernized boiler with the efficierasgker than 86.5% as offered by the economic operato



With respect to the environmental achievementseghinith the boiler rehabilitation, the obtainedutesfor
NOx and CO emissions are fully compliant with thxpexted (NOx < 200 mg/Nn@6% 02, dry, using
only primary measuresand CO < 50 mg/Nn{@6% 02, dry)as shown in Table 3, and Fig. 1.

Table 1: Data obtained during the TAC rt

Trial Run 1 2 7= o) 8 3 4 5
Date 21.05.13 | 21.05.13 | 22.05.13] 22.05.13 | 23.05.13 | 23.05.13 | 24.05.13
Number of Mills in Operation - 6 5 5 5 6 5 5
Unit Load % 100 6D 100 60 100 70 80
Generator Output MW 230 146 224 143 225 169 185
HPF Mass Flow t'h 708,0 424,2 703,3 428,0 691.,3 526,3 577,7
Pressure Feedwater kg'cm? 184.6 154.9 186.5 155,7 181.0 162,5 170,5
Prassure Life Steam ka'cm? 134.4 132,7 134,3 132.4 133.6 132,8 132,9
Presser Cold Reheater Line kagfem? 3.0 19,3 30,7 19.4 30,4 23,5 25,5
Temperature Feedwater < 236,6 213.0 236,2 213.4 235.6 223,3 2272
Temperature HP Steam C 537.6 540,5 539,4 539.8 539,2 540.5 533,2
Temperature Cold Reheater Line G & 329,5 298,3 328,0 3155 328.5 3091 315.0
Temperature Reheated Steam c 539,4 5411 538,2 538,89 539,5 540,2 537,68
Temperature Air at RAPH Inlet T 63.8 68,9 62,2 75,1 82,1 7.9 67.2
Temperature Flue Gas Boiler / RAPH Outlet C 1956 193.8 1944 193,7 194.3 190,7 180,5
Concentration Oxygen ECO (wet) Vol% 2,07 2,73 2,07 2,63 2,03 2,34 2,29
Concentration Oxygen RAPH Outlet{dry) " Vol 3,29 4,24 3,29 4,09 3,23 3,68 3,61

Table 2: Comparison of the obtained and simulagedlts with the guaranteed.

Column k # #2 #3
Case Original design TAC run 7 G conditions
Comment for Info only Hecalc::‘?et:;r:‘::a 4 Simulailon with s
HP Mass flow th 700 703 700
1P Mass flow {inlet) t'h 602 602 602
Fuel mass flow th 3020 280,3 302,5
Generated Heat MW 540,23 552.8 5394
Combuslion power MW 606,1 520.8 6127
HP pressure (outlet) MPa 14,00 13,40 14,00
ZD-Druck KZUE MPa 2,80 3,10 2,80
Lower Heating Value Mdkg 7,310 7.886 7,310
Alr excess furnace outlet - 1,15 1,16 1,15
Air excess boiler outlet (RAPH) - 1,22 1.19 1,18
Combustion air flow Nm¥h 785.300 776.300 793.900
Hot air flow RAPH outlet Nmah 643.800 481.310 492,220
Flue gas flow RAPH inlet Nmh 1.028.900 1.020.400 1.040.100
Flue gas flow RAPH putlat Nmih 1.091,500 1.046.800 1.067.200
Heat loss due to heal in slag % 024 o1 0.26
Heat loss due to heat flue gas % 11,04 11,11 11,85
Heat loss due to radiation % 043 0.41 041
Heat loss due to combustables in refuse % 1.70 0,77 077
Percentage of hot air % g82.0 62,0 62,0
Air temperature RAPH inlet c 60 62 60

Air temperature RAPH outlet c 302 287 297
FG temp. furnace < 1.155 1.188 1.155
FG temp. ECO C 318 320 332
FG temp. RAPH outlet ‘C 180 194 200
HP Temperature BFW c 252 236 252
HP Temperature Eco outlet © 342 327 337
HP Temy SCP C 545 539 545

IP Temperature AL C 330 330 330

IP Temperaturs SKS i 5 545 328 S5
HP spraywater flow th 70,0 70.3 70,0

IP spraywater flow th 0,0 0,0 0.0
Boiler afficiancy % 86,59 87,60 86,61

Table 3: Obtained results for NOx and CO emissauring several TAC runs.

Date Trial Boiler Load 0, NO, co FG Duct NOx co
Run % Vol% mg/Nm? mg/Nm? location average average
22,05.2013 7 100 7,16 200 41 top
197 33
22.05.2013 7 100 7.6 194 25 lower
22.05.2013 8 60 8,78 157 17 lower 157 17
23.05.2013 3 100 6,99 189 25 lop
196 21
23.05.2013 3 100 7,43 203 17 lower
23.05.2013 4 70 8,33 186 13 lower 186 13
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6. Conclusions

In this paper, the extensive boiler rehabilitatfmogram for TPP Bitola is described. Starting fromajor
preparation works, tendering and selected the dfést, rehabilitation process and the obtained Itesand
lessons learned are presented. This extensiveilightadn process was mostly initiated due to largenber

of operation hours that all three units of TPP Bitalready had, thus the future operation of toiwgr plant
which has the major role in electricity productionthe Republic of Macedonia was put under question
Thus, the major expected outcome was performingmnrahabilitation of all three boilers that couldpide
extension of the operational life of the power plahleast for additional 120.000 hours, or apprately
15-16 years more. In parallel, the increase obthiter efficiency, standard operation with redugeehlity of
the local coal with(n-1) mills and especially fulfilment of the more strenvironmental standards defined
with the EU Directive 2001/80/EC, were also parthef requirement set by the employer.

The rehabilitation results obtained by the TA&gtafter Completion) runs showed and proved the selected
approach and confirm the guaranteed parameterassetquirements in the tender documents. The major
lesson learned during execution of the whole ptojeas that the quality of the preparation worksetak
before execution of the rehabilitation programfisroicial importance.
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