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Abstract: Steinmueller Engineering GmbH, Gummersbach, Germany, successfully concluded in 
consortium with Siemens EOOD, Sofia, the combustion system modification of a P62 lignite fired 
boiler in TPP ContourGlobal Maritsa East 3, which was targeting mainly the reduction of the NOx 
emissions below 180 mg/Nm3 @ 6 % O2. The modification is part of an EPC contract covering the 
design, fabrication, installation and commissioning works needed to upgrade the boilers at the 
power station. The Modification concept involves optimization of PF- and Vapor distribution, 
replacement of the coal burners, installation of new Over-fire air (OFA) system and Side-wall air 
(SWA) system and minor modification of the existing control system to allow control of the OFA-
flow. The main results of the modification are: Reduction of the NOx emissions (at ESP exit) from 
approximately 390 mg/Nm³ to below 180 mg/Nm³ @ 6% O2, Efficiency increase of the furnace by 
reduction of the excess air ratio from 1.2 to 1.15 (@ furnace outlet) and overall increase of the 
boiler efficiency. 

Steinmueller Engineering GmbH, Gummersbach, Germany, successfully concluded in consortium 
with Siemens EOOD, Sofia, the combustion system modification of a P62 lignite fired boiler in TPP 
ContourGlobal Maritsa East 3, which was targeting mainly the reduction of the NOx emissions 
below 180 mg/Nm3 @ 6 % O2. Also slagging, UBC and overall efficiency had not to be negatively 
affected. 
These in complex already put the boiler in compliance with the reduced flue gas emission 
requirements in force from the beginning of 2016. 
The modification is part of an EPC contract covering the design, fabrication, installation and 
commissioning works needed to upgrade the boilers at the power station. The contract foresees 
that initially modification will be performed on generation unit № 4 and only after its successful 
completion the next generation unit of the power station will be released for modification. A very 
challenging requirement is to execute all installation works during the respective planned major 
outages of each generation unit, parallel to other planned maintenance activities, to avoid 
additional periods out of operation.  
Steinmueller Engineering´s scope of services under this contract, along with the consortium 
leadership, includes in particular: 

- the process design of the combustion system modification,  
- the complete mechanical design  
- the control system concept design 
- the fabrication and supply of all mechanical systems (burners and air duct systems) 
- the commissioning, including measurements, performance and acceptance tests. 

An extremely tight schedule – the contract was activated on 18.04.2012 with the outage of the first 
boiler due on 19.09.2012 – left only about 3 months for the design and about 2 months for the 
fabrication and required efforts beyond the usual by all participants at the project. Thus the very 
good results are a credit to all of them, including the power station team. 

Task definition 

The 4 “P-62” steam generators built by the Podolsk Boiler Works in Russia were commissioned 
during 1978 - 1981. A substantial rehabilitation of the power station took place during 2003 - 2009, 
providing for compliance with all current environmental requirements. 
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Концепция за нискоазотно изгаряне / Low NOx combustion concept

• Нови завихрители на прах /
new swirlers

• Нови клапи за прах / new dampers

• Нова система СВС / SWA nozzles

• Модификация на Осн. Горелки / 
Modification of the main burners

• Нова система НГВ / OFA nozzles

The Contract specification defined the design basis coal as follows: 
 
Calorific value:     1400 – 1700 kcal/kg (6 -7 MJ/kg) 
Operational moisture content:   49 – 60 % 
Ash content on wet mass:    10 – 21 % 
Sulphur content on wet mass:   1,5 – 3 %  
Xylites:      2,0 – 12 % 
 
Different emission measurements at the start of the design conducted on boiler Nr. 4, which was 
the first to be modified, gave following results (at ESP exit, at full load): 
NOx = (up to 390) mg/Nm³ (@ 6% O2, dry) 
CO  = (15 ÷ 25) mg/Nm³ (@ 6% O2, dry), 
 
The modification’s technical requirements and objectives are summarized as follows: 

• Reduction of the max level of NOx emissions (at ESP exit) from approximately 390 mg/Nm³ 
to below 180 mg/Nm³ @ 6% O2; 

• Efficiency increase of the furnace by reduction of the excess air ratio from 1.2 to 1.15 (@ 
furnace outlet); 

• Keeping the CO emissions below 180 mg/Nm³ @ 6% O2; 
• Preventing the water walls from corrosion; 
• Preventing the furnace from slagging; 
• Keeping the parameters of the pressure part in the range as before revamping; 
• No reduction of the overall efficiency, keeping the UBC in a normal range. 

The very compact boiler geometry, specifically the low combustion chamber, made it very difficult 
to assure the flue gas residence time needed to reduce the emissions by primary measures only. 
Significant challenges posed also the slagging behavior and the high sulphur content of the 
Bulgarian lignite coal. 

Modification concept 

 
  

 

Figure 1., Low-
NOx combustion 
modification 
system 
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The combination of difficult requirements and restrictions described above, especially the boiler 
geometry and the coal characteristics, required Steinmueller Engineering to develop, based on 
previous experience form the Jaenschwalde TPP and elsewhere, a completely new modification 
concept. It involves replacement of the coal burners, installation of new Over-fire air (OFA) system 
and Side-wall air (SWA) system and minor modification of the existing control system to allow 
control of the OFA-flow. 
 
Burner and PF-system 

 
 
 
It was necessary to develop a new burner 
design based upon good experiences of 
previous successfully executed projects. A 
good blending of the air in the gas/coal 
dust flow requires a high relative difference 
in speed between both flows. For a stable 
firing of the coal dust/air mixture in the 
proximity of the burner outlet, flame 
stabilizers are used at the individual coal 
dust fingers exits. 
 
In addition, for an optimized pulverized fuel 
and vapor distribution new PF-dampers at 
the vapor burner inlets were designed.  
 
New fixed blade PF-dust concentrators 
(swirlers) in the PF-duct to the Upper Main 
Burners, as shown on the figure, are 
serving the same purpose. 
 

Over-fire air and Side-wall air – systems 
- 

The new combustion design provides an optimized residence time for the coal particles in the 
combustion chamber by reducing the height of the primary burner belt zone and increasing the 
height of the secondary zone above the top burner level (burnout stage). The full height of the 
combustion chamber is optimally utilized, but the OFA-nozzle had to be placed close to the 
combustion chamber exit and above (Fig.1). The strong impulse of these air injections provides for 
a good mixing of the flue gas with the air and delivers the required oxygen for the combustion of 
the carbon monoxide that is not yet completely converted in the burner area. 
In addition to the vertical staging it was necessary to take special measures to organize the 
horizontal staging of the primary combustion along the vertical axis of the furnace in front of the 
lower burner part. This staging has a significantly positive effect on the NOx formation, because the 
oxygen concentration and the formation of fuel-NOx are closely interconnected.  
The new side-wall-air system (SWA) located at each boiler wall not only protects the membrane 
walls against corrosion and slagging, but also supports the horizontal air staging in the furnace for 
a more efficient NOx reduction (Fig.1.).  

  Figure 2., Burner and PF- system modification 

new swirl 

new dampers  
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Process and mechanical design 
 
The complete process design and the dimensioning of the mechanical systems (coal burners, PF-
system, OFA and SWA systems) was done by means of CFD-modeling. The 3D-furnace model on 
Fig.3 consists of 11 million cells where in each of them, depending on the boiler load, 50 to 100 
equations were solved. For converged CFD results 30 000 to 60 000 iterations had to be 
performed – in each of the several design cases investigated. 
 
 

 

 

 

 

 

 

 

 

 

Figure 3. CFD- Model of the combustion chamber and of the boiler 
 
The optimization of the coal dust and gas distribution in the PF-ducts to the burners was done 
separately by means of parallel simulations in a physical and in a CFD-model – Fig.4. 
There was a good correlation between the results of both types of modeling which provided a 
reliable input for the mechanical design 

Electrical and Control system design 

The control philosophy developed by Steinmueller Engineering required only 4 new electrically 
actuated control dampers and 4 new air flow measurements to control automatically the OFA-flow 
according the boiler load.  
The control logic detailisation as well as the deliveries and installation was part of the Siemens 
EOOD scope and the implementation was supported by power station own specialists. 
 
Delivery and installation of the new components and systems  

The project phases Fabrication and Installation works will not be discussed here, but it has to be 
said, that the mechanical fabrication was part of the Steinmueller Engineering scope and was 
subcontracted to the experienced company Energoremont in Galabovo. The deliveries and 
installation of the electrical and I&C components and the complete construction site management 
were part of the Siemens EOOD scope and the works were subcontracted to the same company, 
which was also executing during the same outage many other works, contracted directly by the 
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power station. The power station’s own project team was monitoring very closely especially the 
fabrication and the installation activities. 
It took much effort by all parties involved to finish the works according the schedule and to allow 
starting the commercial operation without any delay. 
 

 

 
Velocity, m/s

Figure 4. Physical and CFD- Models of the PF-system to the burners 

Commissioning, testing and results reached with the modification 
The commissioning activities were largely executed by Steinmueller Engineering own personnel, 
where the power station provided extensive support with all matters involving specific operational 
and equipment experience. For all necessary independent measurements, for measurement 
equipment, as well as for support with personnel and local expertise Steinmueller Engineering 
relied on the engineers and researchers from the TU-Sofia, Department Power Engineering. Also 
all Performance tests and Acceptance tests were executed by the TU-Sofia team using own 
certified equipment and according detailed test programs agreed with the power station. 
All performance and acceptance tests clearly showed the modification targets could all be met or 
even improved (Table 1., Fig.4.). 

Parameter Unit Before
Revamp

After Revamp 
Target

Performance and Accept. 
Tests (averages) 

NO
x
 mg/m³ * < 390 < 180 145 - 155 

CO mg/m³ * < 60 < 180 25 – 45 

Excess Air Ratio 
(furnace exit) [-] 1.2 1.15 1.1 

Boiler Efficiency [%] ~ 84 
(estim.) - ~ 84 + (0,5 ..1,5) 

*)  i. N.@6% O2
Table 1. Operational Results after revamping and optimization of the firing system 
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Some increase of the UBC in slag and fly ash can be explained with reduced air ratios and the 
extremely low emission levels reached. No doubt, raising the emission level to the contractual 
target of 180 mg/Nm3 @6% O2 or even to the statutory limit of 200 mg/Nm3 @6% O2 at the FGD 
exit (stack) would have a strong positive effect on the UBC levels.  
But, more important, the loss with UBC is more than balanced by decreased loss with flue gas due 
to less flue gas volume flow leaving the boiler. This effect means a real increase in efficiency, to 
which effect also the saved fan power should be added. 
 

 
Figure 4. Flue gas emissions measured independently during the performance test (ESP exit, in grid 
mode) – against steam output 

Solving these complex tasks Steinmueller Engineering developed a modification concept, which 
later proved very successful under operational conditions. 
 
About ContourGlobal  
ContourGlobal is a New York based international power-generation company with  
approximately 3000 MW in operations or under construction in 17 countries and on four  
continents. ContourGlobal’s 1650 employees manage, own and operate a portfolio of 33  
power plants utilizing a wide range of fuel types and technologies such as large thermal plants 
CCGT’s and including renewable energy production based upon Hydro , wind, solar and biomass. 
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