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Rezumat. Termocentralele produc emisii ca: NOx, SO2, CO2, care au impact negativ asupra mediului 
înconjurator, fiind în contradictie cu legislaţia de protecţie a mediului.  Există o serie de metode care pot fi 
folosite pentru scăderea emisiilor poluante. Acest articol tratează introducerea arzătoarelor cu NOx redus la 
grupurile energetice nr.3 şi 4 de la CET Bucureşti Sud. Se prezintă proiectul de reabilitare din anii 2000, 
arzătoarele cu NOx redus şi principiul de funcţionare al acestora. S-a arătat că un boiler existent poate fi reabilitat, 
asfel încât să-şi  prelungească funcţionarea în mod curat şi sigur încă 150.000 ore. În final, s-au dat valorile 
obţinute la testele de performanţă, care au demonstrat rezultate corespunzătoare în privinţa reducerii emisiilor 
poluante, la regimul de încărcare 100% al grupurilor energetice.  
Cuvinte cheie: emisii NOx, LNB, TPP, reabilitare boiler, test de performanţă. 

Abstract. The thermal power plants are generated emissions like: NOx, SO2, CO2, which have a negative impact 
on the environment, in contrast to environmental law. There are a number of methods which can be used to 
reduce the pollutant emissions. This paper is focusing on the low NOx burners installation at units nb.3 and 4 of 
Bucharest South Thermal Power Plant. It is presented the rehabilitation project of 2000 years, the low NOx 
burners and their operating principle. It was shown that an existing boiler can be retrofitted in order to increase 
the operating life in a clean and safe way, with 150,000 hours. Finally, there were given the emissions values of 
the performance tests, which proved proper results concerning the decreasing of the pollutant emissions, at 100% 
units load.  
Keywords: NOx emissions, LNB, TPP, boiler rehabilitation, performance test.                                                                                                  

1. INTRODUCTION 

One of the most important issues in the energy  
sector is the environmental impact of fossil  fuel 
thermal power plants on air quality. The main 
pollutants of concern are SO2, NOx, CO2, dust and 
other firm particles. Almost 65% of the total power 
is generated by the thermal energy, so from the 
fossil fuels. 

Global warming, caused by the increase of the 
amount of CO2 in the atmosphere, has increased the 
world’s concern for reducing these emissions, mainly 
in developed countries [1]. Specifically, in these 
plants the burning process produces nitrogen oxides 
(NOx) where more than 95% are NO, the remainder 
being NO2. For all these reasons, there is no doubt 
that NOx is among the most harmful components of 
the combustion gases. NOx effects on the environ-
ment are including: formation of ground-level ozone, 
formation of acid rain, deterioration of water quality, 
and   finally the global warming. 

Therefore, stringent regulations during fossil fuel 
combustion have been set in all major countries to 
limit Nox emissions and the present analysis shows 
the implementation of a modern technology. [2]. 

2. INSTALLATION OF THE LOW NOx 
BURNERS IN BUCHAREST SOUTH 

In 1998, Renel had signed with the European 
Investment Bank an agreement for the rehabilita-
tion of two boilers of 100 MW in the Bucharest-
South Thermal Power Plant under the condition 
that the EC Directive concerning NOx emissions 
was to be strictly respected. The project was 
awarded to Alstom Power who subcontracted burner 
replacement to Pillard. 

Each of the two existing boilers was fitted with 
18 burners of 16 MWt each, front firing com-
prising three levels of 6 burners. The sitework 
included: modification of the boiler front tubes, of the 
combustion air distribution and of all the heavy-oil 
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preparation system, supply of a new integrated BMS 
(burner management system) and an automatic DCS 
(distributed control system) for the whole boiler. 
Such works were completed in november 2000. 
Boiler nb.3 was commissioned and fully opera-
tional in may 2001, and nb.4 at end 2002.  The new 
burners were immediately operational. 

Fig. 1 shows a view of the burners from inside 
the furnace of Bucharest South TPP (Thermal 
Power Plant). 

 

 
 

Fig. 1. View of the burners from inside the furnace of 
Bucharest South TPP. 

 

The official measurement campaign for emission 
control was carried out in april and may 2003 (see 
Table 1). The major requirements of the LNBs are: 
a flame compatible with furnace geometry, easy 
maintenance and accesibility, the ability to handle 
a wide range of fuels. A typical LNB has a flame 
that is about 50% longer than the flame in a stan-
dard burner (when operated design conditions).  NOx 
reduced emissions technique and aerodynamics of 
the LOW NOx burners are further presented. 

3. NOx REDUCED EMISSIONS TECHNIQUE  
AND AERODYNAMICS AT LOW NOX 
BURNERS 

3.1. NOx reduced emissions techniques  
at LOW NOx burners (LNB) 

LNB burners of second generation were de-
signed to realize a high combustion performance of 
the gas and liquid fuels. 

The technology consist in combining the split-up 
of flame with the air stagging, so as to form separate 
combustion zones. 

Split-up of flame (SF). The split-up of flame 
technology replaces o high flame temperature zone 
by many independent flames. Each (new) burner 
flame is split into five elementary and independent 
flames, allowing to reduce the peak flame tempera-
ture, and to increase the internal flue gas recirculation 
into each elementary flame segment, thus reducing 
the local O2 content. 

This process leads to diminishing of the NOx 
conversion rate. 

Air stagging (AS). The combustion air stagging 
is realized by a nozzle set, by injecting the secon-
dary air directly into each portion of flame. The 
combustion air stagging allows to reduce the avail-
able O2 at flame root, to limit the flame diameter 
and to reduce NOx emissions when firing gas or 
fuel oil. 

In Fig. 2 it is illustrated the split-up of flame 
into portions of flame [3]. 

 

 
 

Fig. 2. The split-up of flame into portions of flame at LNB. 
 

The advantages of this techniques are: 
– the supplemental air jets have a high impact, 

which causes a contraction of each finger flame 
towards the burner axis, reducing the overall flame 
diameter. 

– the reduction of the total air through the com-
bustion head minimises the availability of free 
oxygen to combine with fuel nitrogen and increases 
the sub-stoechiometric air 

– the LNB combustion process is improved to 
obtain mximum benefits for decreasing the tempera-
ture maximum. 

Finally, the LNB technology is a combination 
of two NOx reducing ways, namely: 

▪ reducing the maximum temperature of the main 
flame; 

▪ increasing the internal FGR into each inde-
pendent flame. 

3.2. LOW NOx burner aerodynamics 

Primary air. Primary combustion air, in order 
to reach the inside of the burner body, it must pass 
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through the perforated plate sleeve which ensures 
the proper peripherical air distribution and eliminate 
any swirls generated at the inlet of the windbox [4]. 

A portion of the air is distributed into rotation 
by the swirl vane set of the combustion head. The 
combustion head, by its annular opening, allows 
streams of  axial air flow. 

The combination of axial flow and rotary flows 
creates a turbulent stream, or jet effect. The intensity 
of this turbulent jet, as function of the axial/rotary 
distribution, characterizes the aerodynamic move-
ment of the air swirl and forms the shape of the 
flame, both in length and diameter. 

Centered with the swirl vane set, is the flame 
stabilizing hub and its associated deflector cone. 
The central cooling air passes through the blades of 
the stabilizing hub, and so supplies air in the low 
pressure zone, downstream of the combustion head, 
establishing a very stable, well anchored flame. 

Secondary air. Secondary combustion air pass 
through the perforated plate sleeve which ensures 
the proper peripherical distribution and eliminates 
any swirls generated at the inlet of the windbox. The 
radial air stabilizing vanes guide radially the air 
streams to the secondary air distribution windbox. 

The secondary air jets have also impact in the 
flame shape since each jet causes a contraction of 
each flame toward the burner axis. In conclusion, by 
the two mobile independent sleeves – the primary air 
and the secondary air sleeves – it is controlled the air 
amount as function of the burner load. 

In the Fig. 3 it is shown the schedule of LNB 
operating mode [3]. 

The nozzle used is provided with a mixing 
chamber through which the atomized mixed fuel 
and air are forced and a chamber into which the 
mixed fuel and air is pulverized. 

The NOx amount is reduced by the use of this 
configuration and limiting the amount of stoichio-
metric excess air. So the quality of atomization are 
influential on the complete combustion of the fuel oil 
and on the NOx emissions of the burner. As atomiza-
tion medium is used steam, because higher amounts 
of steam decrease the amount of NOx in the flue gas. 
Increases in steam temperature increase NOx emis-
sions. 

4. PERFORMANCE TEST AT BUCHAREST 
SOUTH, UNITS 3 AND 4 

The emissions measurements at performance test 
when firing heavy oil are giving in table 1.[5], [6]. 

In the table, the (value) corresponds to the gua-
ranteed one. 

CO values were zero in all cases. 
The NOx emissions varied from 390 mg/m3

N  

to 413 mg/m3
N when firing heavy-oil and from 

267 mg/m3
N  to 370 mg/m3

N  when firing in dual fuel 
mode, heavy-oil and gas together. 

The values obtained are lower than CE standard 
concerning the emissions resulted at Thermal Power 
Plants. 

Before rehabilitation the pollutants concentra-
tion which were found in the old operating docu-
ments of the Bucharest South Power Plant (values 
recorded in the years 1990-1995) are presented in 
Table 2. 
 

 
 

Fig. 3. Schedule of LNB operating mode: 
1 –  burner windbox; 2 –  perforated sleeve; 3 –  primary air sleeve; 4 –  combustion head; 5 –  gas spud;  

6 –  gas nozzle; 7 –  gas supply pipe; 8 –  fuel oil gun; 9 –  secondary air sleeve; 10 – secondary air nozzle;  
11 –  gas ignitor; 12 – flame detector LNB. 
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Table 1 

The emissions measurement at boilers of the Bucharest 
South TPP 

% load / combustion fuel 50% 70% 100% 
Heavy fuel    
NOx max (mg/m3

N) 390 
(450) 

413 
(450) 

398 
(450) 

Dual fuel mode    

NOx:30%G+70%H.O. 349 
(450) 

370 
(450) 

339 
(450) 

NOx:50%G+50%H.O. 323 
(450) 

350 
(450) 

358 
(450) 

NOx:70%G+30%H.O. 322 
(350) 

267 
(350) 

286 
(350) 

 
Table 2  

Pollutants concentration in the flue gases of the 
fuel oil Power Plant of Bucharest South 

Pollutant Concentration
% load 100% 
Heavy-fuel  
NOx (mg/m3

N) 800 
Dual fuel mode  
NOx:50%G+50%H.O. 700 
CO (ppm) 250 

 
  The reducings of NOx were: 398/800*100% =     

= 50% for  heavy fuel at 100% load 358/700 *100% = 
= 49% for dual fuel mode at 100% load. 

 The target was to reduce NOx emissions by    
50% when firing heavy-fuel oil or in dual mode, so 
as to complain with new CE legislation. NOx after 
rehabilitation project varied from 267 to 413 mg, 
finally the values in all cases are bellow the 
guaranteed value. The fuel indicated for Bucharest 
South units nb 3 and 4 had no more than 1% 
sulphure, so the SO2 values are complying with CE 
emissions limits. 

After evaluation of the old burners state, they 
found the folowing deficiencies: there were not 
aligned, they did not control the air-fuel ratio and 
were not designed to properly atomize and distribute 
the present fuel. In addition, the existing burners used 
the fuel oil with 2,8% sulphure, the gun nozzles were 
not proper for an optim injection of the air-fuel jet 
[7]. 

5. CONCLUSIONS 

Conclusions of the analysis: 
● The new configuration and NOx reduced 

emissions technique of the LOW NOx burners and 
also the indicated fuel oil for those burners (with no 
more than 1% sulphure) allow a safe and normal 
operation of the boiler, with emissions which fall in 
the allowable intervals of the environment legislation. 

● LNB installation and also BMS and DCS im-
plementation have certified the fact that  the existing 
boilers can be brought into compliance with the Eu-
ropean Standards when firing gas and heavy fuel-oils. 

● The operation time for this kind of boiler 
from Bucharest-South Thermal Power Station, was 
extent until 150,000 operation hours after rehabili-
tation achievement. 

Conclusions for the future development: 
● The LNBs technology is one of the least expen-

sive options of reducing NOx emissions from the 
boiler and it can be easily retrofitted in the existing 
boilers. 

● New technologies like the use of over-fire air, 
co-firing of suitable oxygenated fuels, the mixtures of 
liquid fuels combustion can be used in order to 
enhance combustion properties of the fuel as well as 
to reduce the amount of NOx produced during com-
bustion. 

Abbreviations 
TPP = thermal power plant 
LNB = low NOx burners 
BMS = burner management system 
DCS=distributed control system 
  NOx = nitrogen oxides 
SO2 = sulphure dioxid 
CO2 = carbon dioxid 
SF = split-up of flame 
AS = air stagging 
FGR = fuel gas recirculation 
HO = heavy oil 
CE = European Comission 
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