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Abstract 
 
Thermal Power Plant (TPP) Bitola is the largest lignite-based TPP in the Republic of Macedonia 
with three units put into operation in 1982, 1984 and 1988, respectively. All three units have 
already operated more than 200.000 hours each, therefore they are far beyond their normal life 
expectancy. Thus, a large-scale rehabilitation program including extensive boiler rehabilitation of 
all three units, lignite supply chain modernization, steam turbines, generators and control system 
modernization, etc. was initiated. During rehabilitation, a special attention was paid that after the 
rehabilitation, all three units become fully compliant with the EU Directive for LCP Plants (EU 
Directive 2001/80/EC). 
 

In this paper, the authors present brief description of the extensive boiler’s rehabilitation program, 
the implemented technology, and some lessons learned during the process of rehabilitation. In 
addition, the achieved rehabilitation results are also given and discussed. 
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Абстракт 
 
Термоелектрана (ТЕ) Битољ је највећa TE у Републици Македонији која користи домаћи 
лигнит са три јединице пуштене у рад 1982, 1984. и 1988. године. Све три јединице већ раде 
више од 200.000 сати сваки, према томе они су далеко преко њиховог нормалног животног 
века. АД „Електрани на Македонија“ су неминовно покренуле програм рехабилитације 
великих размера на све јединице, укључујући рехабилитацију котлова, модернизацију ланца 
снабдевања лигнитом, парне турбине, генератора и модернизацију контролног система, итд. 
Током рехабилитације, особита пажња је била посвећена да након рехабилитације, све три 
јединице буду потпуно у складу са директивом EU 2001/80/EC за велике електрана које раде 
на бази сагоревање угља (Large Combustions Power Plants). 
У овом раду, аутори представљају кратак опис опсежним радова на рехабилитации котлова 
термоелектране, опис примењене технологије, као и неке лекције научене током извођења 
програма рехабилитације. Поред тога, у раду су приказани и остварени резултати 
рехабилитације уз одговајућу дискусију истих. 
 
  
 

Кључне речи: термоелектране на угаљ, рехабилитација, котлови, ЕУ директива 2001/90/EC 
 
 
 



 
 

1. Introduction 

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

TPP Bitola plant is located in the southern part of the country near the city of Bitola. It consists of three 
identical coal-fired power units that utilize locally-mined lignite. Originally, the power plant had three 210 
MW units commissioned in 1982, 1984 and 1988, respectively. In 1994, all three units had capacity 
upgrade from the original 210 MW to 225 MW by means of increase of the steam flow. The average 
lignite consumption of Bitola TPP, depending on the lignite quality is around 6,000,000 tons/year while 
the average net electric efficiency is about 31-32%, which is rather low compared with the modern 
combustion type TPP which utilize the Best Available Technology (BAT ) [2]. 

Put into operation back in the 1980s, all three units have already operated more than 200.000 hours each. 
Working beyond their normal life expectancy, a large-scale rehabilitation program was compulsory 
mostly to prolong their operational life. Therefore, in 2008 the JSC Macedonian power plants (ELEM) who 
is the owner and operator of the plant, made important decision to initiate rehabilitation on all three units in 
the period of three consecutive years [3], [4]. The main purpose of the initiated rehabilitation program was 
to identify the scope of the rehabilitation works for each power plant separately, that will extend lifetime of 
the main equipment, improve energy efficiency and overall unit performance as well as reduce negative 
environmental impacts. All of that had to be done taking into account the locally available lignite reserves 
and potential fuel supply schemes. The rehabilitation program should at least extend the overall life-
extension of each unit for min 120,000 hours that corresponds to about 15 years of additional operation. 

In this paper, the authors present in brief the whole process, starting from the investigation of the remaining 
operational life of the existing equipment, definition of the total scope of works, selection of the best 
offered rehabilitation scheme, do the rehabilitation works and compare the expected with achieved 
rehabilitation results. The main accent was paid to the boiler rehabilitation as the heart of each power unit. 
However, the rehabilitation program was additionally extended to other, more or less crucial parts, such as 
coal mills, water and air feeding pumps, replacement of existing with new modern and low NOx burners, 
full rehabilitation of the generators, and finally, introduction of modern control system that could enable 
inclusion of TPP Bitola units in the group of power plants that could provide auxiliary services to the 
Macedonian Power System Operator (PSO). The authors close this paper with a brief presentation of the 
results and lessons learned during this extensive rehabilitation program. 

2. Preparation phase 

Performing extensive rehabilitation on the units that are so much important for our country’s power supply 
is complex, difficult, and highly sensitive task. Having this in mind, for the most important task was to 
perfectly execute the initial step, the so-called preparation phase of the rehabilitation program. The most 
important challenges during this phase were: 

� Estimated, as close as possible, the present status of the existing major equipment and to estimate 
how long could these equipment be able to properly operate in the future, 

� Analyze the past operation of each unit and allocate the most critical points that were main source 
of unexpected outages at least for the last five to ten years, 

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

� Perform analysis of similar rehabilitation programs already done to similar power units worldwide 
and investigate the actions, achieved improvements and operational results, 

� Discuss with the major equipment producers about their latest experiences and improvements in 
their coal-fired unit design program and see if they could be applicable to our old plants,  

� Investigate the latest EU Directives in respect to older combustion type power plants, especially 
EU LCP Directive 2001/80/EC – the EU Directive for Large Combustion Plants, regarding 
emission reductions and eligibility that our power plants after rehabilitation could get full approval 



 
 

from the EU Energy Community in respect of air emission limits and standards, 
� Make financial estimation how expensive this rehabilitation program could be and compare these 

costs with costs for performing any other programs that could provide us with the similar results on 
a long run, such as decomposition of the existing plants and their replacement with a new 
contemporary units, refueling of the existing ones with other fuels, most probably natural gas, etc., 

� Define an appropriate rehabilitation plan and schedule that could provide enough time each unit to 
be under rehabilitation program and out of operation and not aggravate the general power 
production program in the country. Finding suitable timing and replacement for the unproduced 
electricity during rehabilitation period from other power generation sources and under which cost, 

� Assemble a project unit or team of qualified personal from within the company, and if necessary, 
engage outsourcing staff that would closely monitor the whole rehabilitation process, 

� Do a SWOT analysis for the rehabilitation program and select any mitigation activities that might 
become necessary in case of occurrence of unexpected problems during the implementation. 

The above extensive list confirms that only after careful consideration of those issues one could start with 
rehabilitation program. For combustion type power plants, the critical issue is the combustion boiler and 
the piping system inside the boiler. Almost 90% of all defects are directly or indirectly connected with pipe 
burst inside the boiler due to narrowing the thickness of the pipes and/or uneven heating of the pipes. Thus, 
the quality of the piping system inside the boiler is of large importance. Therefore, a study of the piping 
system for all three units in TPP Bitola was done before setting the scope of works that should be part of 
the boiler rehabilitation work [5], [6].  

As a result of the boilers and boiler’s piping examination, on one side, and having into consideration the 
existing BAT for LCP plants and some already performed modernization on similar TPP [7], on the other 
side, three possible approaches for sustainable extension of the operational life of Bitola TPP were 
initially considered: 

1. Performing large-scale rehabilitation program of the existing units including boiler rehabilitation, 
lignite supply chain modernization, modernization of steam turbines, generators and control 
system, desulphurization, etc., 

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

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

For a country that has wide margin of available power units in the pipeline that could be started up at any 
time if it is necessary regardless of the production cost that they have, the execution of any rehabilitation 
program is much easier. However, in a country like Macedonia, which has very limited, or especially in the 
winter period, no margin at all and where any of its power plants has special place in the country’s power 
generation plan, taking a major rehabilitation program for such important power plants is high risk step.  

3. Constrains and Investigation of Potential Alternative Solutions 

As mentioned above, the main question for the power plant’s owner was: How to provide sustainable 
extension of the operational life of TPP Bitola with least-cost investments adhere to the EU Environmental 
Directives for the expected period of locally-mined lignite? To answer the above question, several constrain 
factors had to be investigated: 

1. The security of electricity production, not only after rehabilitation, but also during the process of 
rehabilitation/replacement of existing units with new modern units, 

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

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

4. The achievable environmental improvements with large-scale rehabilitation program, and to 
compare these achievable values with prescribed approved values for each pollutant by the 
respective EU Directives for such thermal power plants. 



 
 

3.1 Security of Electricity Supply Constrain 

The first crucial step before even thinking of having a rehabilitation program was setting the maximum 
period that Macedonian power network could sustain with a single power unit out of the grid. This period 
was set to be 120 days per year the most. These results in two major conclusions: (1)if rehabilitation is 
considered, only one unit per year could be rehabilitated, and (2) only those companies that guarantee 
successful execution of the whole requested and offered scope of works within maximum time period of 
120 days, could be eligible as potential operators. This, to adhere to the above two major preconditions, a 
good and precise schedule for production of the equipment, timely delivery of the parts to the site and well 
organized field work were necessary. 

3.2 Life Expectance of Local Lignite Mines 

TPP Bitola uses the locally excavated low-calorie lignite from two existing lignite mines  in  the  vicinity  of  
TPP  Bitola,  one  is  the  older  mine  Suvodol  with estimated reserves of lignite of about 20 million tonnes, 
and the newly opened lignite mine Brod-Gneotino with estimated reserves of about 30 million tonnes. In 
addition, there are activities for opening the third one, the so-called Lower Lignite Layers (LLL ) below the 
existing surface mine Suvodol  which  according  the  performed  studies  could  provide  additional  50  
million  tonnes reserves of lignite. With suitable combination and homogenization technology, these three 
lignite mines could provide approximately 100 tonnes of lignite enough for stable electricity production in 
the coming 15-16 years with annual lignite consumption of approximately 6.0 million ton/year [8].  

Accordingly, it is obvious that construction of a new coal-fired unit in TPP Bitola could not be fully 
justified since the operational life of new units is between 25 and 30 years, a period for which local lignite 
mines cannot secure stable lignite supply. Further investigations might give some optimistic figures if one 
takes into account that new units could have larger net efficiency (app. 36-38%) than the existing ones (31-
32%). This 5% net efficiency increase could provide lignite savings per year (app. 320,000 tonnes/year), or 
prolongation of operational life in total for the investigated 15 years for additional 4-5 years, that might be 
valuable only in case that the investment in the new units would be economically justified over the 
investment made in the rehabilitation of the existing units. 

3.3 The Amount of Investments 

The amount of the investments and the possibilities to obtain them under most favourable financial 
conditions was a crucial issue, too. TPP are not favourable investments projects for the major international 
financial institutions (EBRD, IBRD, KfW, EIB, etc). Providing loans for coal-fired TPP is very challenging 
and highly unsecured task, due to their unfavourable environmental footprint – large emissions of CO2, 
NOX, SOX, dust particles, etc. It is more likely to obtain suitable loans for modernization, rehabilitation and 
environmental improvements of the older TPP units, than for construction of a new, even BAT TPPs. 
Additionally, new units usually come with BAT such as CCS (Carbon Capture Storage), low NOx burners, 
desulphurization units, electrostatic precipitators, etc. The additional increase of the investments on one 
side, and in parallel, decrease of the unit’s efficiency due to increasing the electricity self-consumption of the 
plants, on the other side, very often is not the best solution. 

3.4 Environmental constrains 

TPP Bitola is one of the largest concentrated pollutants in the Republic of Macedonia regarding the 
emissions of the Green-house Gasses (GHG), in particularly, NOx, SOx and dust particles. The current 
emission rates for all three pollutants are several times above the admissible rates by the LCP EU 
Directive [7] and the admissible rates of a new and modern large combustion power plant burning lignite 
and utilizing the BAT . According to the results of recently done study [9], the average amount of NOx 
emissions at TPP Bitola were little above Directive. However, since after 2016 the admissible amount 
drops down to only 200 mg/Nm3, with future tendency to go down as low as 50 mg/Nm3, points into 
direction that the average value had to be at least halved. The situation with emissions of SOx was 
even worst. From the average value of 2,700 mg/Nm3, it was necessary to decrease the emission rates 
initially to 400 mg/ Nm3 (almost 7 times), and beyond 2016 further down to 200 mg/ Nm3, or almost 14 
times. Similar results were observed in case of emissions of dust particles, where in order to adhere to 
LCP Directive before 2016 the amount of dust particles, emissions should be reduced 6 times, from 
existing 300 mg/ Nm3 to admissible 50 mg/ Nm3. Beyond 2016, the situation could be even tougher, 



 
 

and the reduction rates could be lower even 10 times down to only 30 mg/ Nm3. All these requirements 
are difficult and expensive to achieve. However, the EU Directives are must for anyone who would like to 
continue with electricity generation using coal-fired power plants and in the same time to pursuit 
accession with other EU, and does electricity trade within EU borders. 

4. Boiler Rehabilitation – Scope of Works 

The full scope of rehabilitation could be divided into three main parts: 

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

2. Rehabilitation of the generators including static exciters and voltage regulation, and 
3. Rehabilitation of the control system for control and monitoring of the power unit operation. 

In this paper only the first part, the rehabilitation of unit boilers would be discussed. 

4.1 Existing boiler data 

The existing boilers at TPP Bitola were classical ZIO-Podolsk P-65 model boilers as shown in Fig. 1. The 
P-65 steam boiler cross-section has T-letter shape, and consists of three vertical parts mutually connected 
with horizontal gas duct. The central part is furnace and has octagonal shape. Upper part of the furnace is 
tightening and converts into quadrilateral. Walls of furnace are separated into three different parts such are 
low, middle and high radiation part. The combustion temperature is approximately 1400°C and the 
temperature of gases in feedback chamber is 800°C. The amount of coal combustion is between 238 and 
360 t/h. On the level 14,355 mm and 17,065 mm of the front and the back part of the furnace, four fuel 
start-up oil burners are placed, all with burning capacity of 2 ton/h. The mill fan starts working when 
temperature of feedback chamber is between 420°C and 450°C, while the under pressure in furnace upper 
part is between 30 and 50 Pa. The oxygen level in economizer can’t be lower than 5%. In the other two 
parts there are two parts: primary and secondary steam super heaters and water re-heaters – economizers. 
The boiler’s basic parameters are: production of maximum of 700 t/h steam with primary steam temperature 
of 545°C at primary steam pressure of 140 bars. The boiler 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 rehabilitation process was permanent, effective, safe and secure boiler 
exploitation for additional 120,000 hours, with the following guaranteed characteristics: 

� Coal caloric value in the range between 6,179 – 8,101 KJ/kg, 
� Steam production: 700 t/h, with exploitation of 5 mills, with 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 parameters should be ±1.5%, 
� Permanent, effective, safe and secure boiler exploitation without break-down, 
� Increasing of boiler’s efficiency, 
� Extend the lifetime on the heating surfaces of the boiler and made suitable protection, 
� Reduce the gas outlet temperature, and 
� Reduction of NOx emission and improve environment norms in according with EU directive after 

2016.  

4.3 The selected rehabilitation scenario  

Using the international competitive procedure, the German company Babcock Borsig Steinmüller (BBS) was 
selected as the best evaluated bidder for boiler rehabilitation, among else the following activities: 

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

� Replacement of the coal classifiers and pipes of coal dust,  
� Installation of two air levels of combustion, the so-called Over Fire Air (OFA) levels,  
� Installation of hot tubes and burners for initial ignition, for primary, secondary and air burnings, 



 
 

� Revitalization of the air pre-heaters are the complete replacement of hot metal baskets, 
� Accordingly, reconfiguration and adaption of a new Digital Control System (DCS) with adequate 

measuring devices, sensors and actuators. 

The BBS guaranteed the following as a result of the offered rehabilitation activities: 

� NOx emissions ≤ 200 mg / Nm³ at 6% O2 in dry smoke output only with primary measures, at 
maximum nitrogen content in fuel ≤ 0.46%, 

� CO emissions ≤ 200 mg / Nm³ at 6% O2 in dry smoke output, 
� Steam temperature of 545°C in the range between 70 and 100% of the max boiler power, 
� Boiler efficiency > 86.5% at 100% load and quality of coal set by the investors data, 
� Availability > 91% for the first 12 months after modernization, and 
� Availability > 95% for the next 12 months and beyond. 

4.3.1 Extension of the life expectancy 

The boiler is the dominant part in the whole technological process of power generation in the combustion 
power plants because it produces required quantity and quality of the steam to drive a steam turbine. As a 
result of different number of operational hours and the status of the equipment at each of all three units, some 
variations were necessary. The major rehabilitation tasks are schematically given at various areas of the 
boiler at Fig.2. As shown the major rehabilitation was scheduled for the lower burning area of the boiler (see 
Fig. 3), where beside installation of new Low-NOx burners at new locations, a new and improved design of 
the burner’s openings is proposed together with different angles of coal dust supply from the mills to the 
boiler at angles of -10°, -9° and -25°, respectively, in order to achieve stable and evenly distributed fireball 
within a diameter of approximately 2 m (Fig. 4). The amount of steam that could be providing with (n-1) 
mills, strongly depends on the quality of the coal used, and according to the simulation, the rehabilitated 
boiler could generate between 60 and 100% of the rated amount of steam with (n-1) mills for minimum 
caloric value of the supplied coal of 6.18 MJ/kg or 1,480 kcal/kg (see Fig. 5).  

For better heat and erosion protection of the heat surfaces inside the boiler’s hopper area, a process of 
thermal coating was used. The area where this protection was applied schematically is presented in Fig. 6. 

 

 
 

Fig. 1. The schematic disposition of a) the boiler heating surfaces, and b) the schematic disposition 
of the line of primary steam. 

 



 
 

 
 

  
Fig. 3. New boiler rehabilitation re-arrangements at the bottom part. 

 
 

 
 

Fig. 4. Old and new burner’s openings and locations with new angles for coal supply into the boiler. 
 

 

 
Fig. 2. Major rehabilitation areas of the existing boilers. 



 
 

  
Fig. 5. Steam output vs. number of mills. Fig. 6. Erosion protection area using thermal coating. 

 

 
 

Fig. 7. Location of two Over Fire Air (OFA1 & 
OFA2) at two levels inside the boiler 

Fig. 8. New mills with mill fans 

4.3.2 Achieving emission reductions in accordance with EU Directive 2001/80EC  

Beside prolongation of the operational life, we had to take into account that this prolongation must be in full 
compliance with this environmental EU Directive 2001/80/EC, thus, the following actions were envisaged 
and preformed: 

� Installation and re-arrangement of the new Low-NOx burners (Fig. 4), 
� Installation of Over Fire Air (OFA) in 2 levels after resuction 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, and  
− at tip grate. 

� Optimization of coal/air ratio, including 
− extended air flow measurements, and  
− extended coal flow weighing.  

� Optimizing of primary air injection into recirculation duct. 

Investigation of the proposed measures and validation of the expected results after performing the full boiler 
modernization, was done using a special 3D model of the existing boiler before and after the proposed 
modernization (see Fig. 9). Using these models, the extended 3D CFD analysis of the whole combustion 
system was done at the University of Stutgart. The obtained simulation results before and after 
moderinization of the boiler for the flue gas valocity and temperature are presented in the Figs. 10 and 11. 
New and improved techniques for coal duct arrangements shown in Fig. 12 and for hot air duct distribution 
system shown in Fig. 13 were also considered. Finally, the improvements in the upper boiler parts were also 
done by means of installation of two Over Fire Air (OFA1 and OFA2) systems approximately at boiler’s 
levels 41m and 52m which provide smooth and stable flue gasses in the boiler’s upper part and evenly 
distributed temperature field as can be seen from Fig. 14.  



 
 

4.3.1 Improvement of boiler’s efficiency 

Taking into consideration that the original boilers were constructed in the yearly 1980s, from one side, and 
the recent improvements in the technology and materials, the existing boiler efficiency was not high. 
However, during the process of modernization and with utilization of modern materials as well as modern 
simulation technology such as 3D CFD analysis in the design stage, we could expect increase of the boiler 
efficiency as one of the important rehabilitation outcomes. The bidder did intensive research how to improve 
the boiler’s efficiency and with the provided data for the coal quality, BBS offered that even in the worst 
case scenario for coal quality, the boiler’s efficiency could be higher than 85%, which is 4% higher than the 
existing efficiency, while in case of best quality coal, the efficiency increases almost 7% (see Fig. 15). 

 
Existing (old) boiler Modernized (new) boiler 

Fig. 9. 3D model for CFD analysis. 
 

  
before modernization after modernization 

Fig. 10. CFD simulation of the flue gas velocity inside the boiler. 
 

  
before modernization after modernization 

Fig. 11. CFD simulation of the temperature inside the boiler. 



 
 

  
Fig. 12. Pulverized coal duct arrangement. Fig. 13. Hot air duct distribution system. 

 

 
 

Fig. 14. Over Fire Air OFA1 and OFA2 systems with 
achieved temperature distributions. 

Fig. 15. Expected boiler’s efficiency in comparison  with 
the coal quality 

5. Obtained Results and Lessons Learned 

The biggest challenge was to prove that the executed rehabilitation activities result with the expected 
outcomes and that they are the same and/or even better as guaranteed by the selected bidder. For that purpose 
a specially prepared tests, so-called “ Test after Completion” (TAC ) runs were performed on the 
rehabilitated boiler. The obtained results during the TAC run strongly depended on the initial parameters that 
had to be equal to the predefined values given in the tender documents by the employer, i.e. ELEM. In total 8 
(eight) TAC runs were done, with different initial parameters and loads in order to analyze the boiler’s 
response under various operational conditions. The main data for each of these TAC runs is given in Table 1.  

The main conclusions derived from all runs showed that the most important rehabilitation targets, such as the 
boiler efficiency, the steam production target and the NOx and CO emission targets were fully achieved. 
Additionally, the boiler operation with 5 mills at nominal load and 700 t/h was achievable in case the heating 
value of the used coal was in the range of contracted data, the boiler feed water temperature was 15K below 
the contracted value, resulting in the increased combustion power by approximately 2%. Some additional 
benefits, not initially expected during design phase, were also observed among them, the mass flow of boiler 
bottom ash after modernization was approximately 10% lower as predicted; the content of unburned char in 
dry ash (ESP) was also lower than expected; the boiler operated very well and reliable; the installed firing 
system fulfilled the requirements concerning low NOx-combustion, and the CO-emission was very low. 

As can be seen from Table 1, the TAC runs also exhibits some minor deviations from the guaranteed data 
needed for boiler testing (see TAC Run #7), mostly due to different fuel used (lower ash, higher heating 
value, and higher water content than in design coal), different feed water temperature (236°C instead of 
252°C as predefined), different HP steam temperature during TAC runs (539°C instead of 545°C as 
predefined), and different HP steam mass flow (703 t/h instead of 700 t/h as predefined). However, as can be 
seen this minor changes in the input data, does not have significant influence on the obtained TAC results.  

To compare the TAC results with original design data provide in the tender offer, special boiler simulation 
software named “BODI”  was used. The calculated data obtained with this software, compared with the TAC 
run #7 data and the original design data offered at tendering process, are compared and presented in Table 2. 
It is obvious that the TAC run proves that the boiler rehabilitation tasks were performed correctly resulting in 
the desired modernized boiler with the efficiency larger than 86.5% as offered by the economic operator.  



 
 

With respect to the environmental achievements gained with the boiler rehabilitation, the obtained results for 
NOx and CO emissions are fully compliant with the expected (NOx < 200 mg/Nm³ (@6% O2, dry, using 
only primary measures, and CO < 50 mg/Nm³ (@6% O2, dry), as shown in Table 3, and Fig. 1.  

Table 1: Data obtained during the TAC runs. 

 
Table 2: Comparison of the obtained and simulated results with the guaranteed. 

 
 

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

 

 



 
 

  

Measured data Print-screen from the plants control room 
Fig. 16. Measured data for NOx and CO emissions and on-screen real-time data. 

6. Conclusions 

In this paper, the extensive boiler rehabilitation program for TPP Bitola is described. Starting from major 
preparation works, tendering and selected the best offer, rehabilitation process and the obtained results and 
lessons learned are presented. This extensive rehabilitation process was mostly initiated due to large number 
of operation hours that all three units of TPP Bitola already had, thus the future operation of this power plant 
which has the major role in electricity production in the Republic of Macedonia was put under question. 
Thus, the major expected outcome was performing major rehabilitation of all three boilers that could provide 
extension of the operational life of the power plant at least for additional 120.000 hours, or approximately 
15-16 years more. In parallel, the increase of the boiler efficiency, standard operation with reduced quality of 
the local coal with (n-1) mills and especially fulfillment of the more strict environmental standards defined 
with the EU Directive 2001/80/EC, were also part of the requirement set by the employer.  

The rehabilitation results obtained by the TAC (Test after Completion) runs showed and proved the selected 
approach and confirm the guaranteed parameters set as requirements in the tender documents. The major 
lesson learned during execution of the whole project was that the quality of the preparation works taken 
before execution of the rehabilitation program is of crucial importance. 
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