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Rezumat. Dezvoltarea durabilă presupune asigurarea unui echilibru optim între dezvoltarea economică şi 
pastrarea caracteristicilor mediului inconjurator. Sectorul energetic produce energie cu emiterea de emisii 
poluante, fapt pentru care se caută soluţii pentru reducerea acestora prin implementarea de noi tehnologii mai 
eficiente şi mai curate. Articolul tratează schimbarea combustibilului cu mixturi de combustibili lichizi ca metodă 
de reducere a emisiilor de NOx, SO2, CO2  în instalatiile energetice. Experimentele pe focarul de 2 MW de la 
ETCN-UPB şi rezultatele calculelor numerice ale emisiilor de NOx demonstrează că introducerea mixturilor de 
CLU şi ulei vegetal poate conduce la economii de combustibili fosili şi la reducerea emisiilor poluante rezultate 
din arderea la instalaţiile de putere medie si mare. Potenţialul agricol al României este capabil să asigure, prin 
utilizarea resurselor locale, dezvoltarea durabilă în sectorul energetic.  
Cuvinte cheie: gaze cu efect de seră, NOx, SO2, emisii de CO2, potențialul biomasei, amestec de combustibil 
lichid și de ulei vegetal, calculul NOx, procesul de ardere. 

Abstract. The durable development implies the assurement of an optimal balance between the economic 
development and the preservation of the environmental features.  The energy sector produces energy with the 
result of the pollutant emissions, this fact involving the search of the solutions for their reducing by new 
technologies more efficient and cleaner. The paper is focusing on the changing the fuel by liquid fuel mixtures as 
a method of  reducing of NOx, SO2, CO2 in power plants. The experiments at the 2 MW furnace, located at 
Nuclear, Classic and Thermomechanical Equipment Department from Politechnica University of Bucharest and 
the results of numerical computations of NOx emissions prove that the introduction of the LFO and vegetable oil 
mixtures can lead to fossil fuels savings and to pollutant emissions by combustion process from average and big 
power plants. The agricultural potential of Romania is able to assure, by using the local sources, the durable 
development in the energy sector.  
Keywords: greenhouse gas, NOx, SO2, CO2 emissions, biomass potential, mixture of light fuel oil and vegetable 
oil, NOx computation, combustion process.                                                                                                                              

1. INTRODUCTION  

The main problems which must be solved by 
durable development are: the rational use of natural 
resources, by wastage avoid and fossil resources 
conservation; the asurance of an optimal balance 
between economic development and enviroment 
features conservation; development of clean tech-
nologies, necessary to gradual replace the current 
technologies which lead to the environment degra-
dation. 

2.THE GREENHOUSE GAS RELATED  
TO THE ENERGY SECTOR  

Greenhouse gas (GHG) represents an important 
problem in Romania, as in the whole Europe.  

The large combustion plants are responsible for 
approximate a third of CO2 global emissions [1]. 

Romania was taken effective acts assumed by 
each operator, like the programs on reducing of 
NOx, SO2 emissions from the large combustion plants 
and also from other branches (refining, petroche-
mistry, etc.) [2]. 

The measurements and computations of GHG 
show that those values are the greatest from late 
650.000 years. The participation of various countries 
of the world is very different, as it can be seen in 
Fig. 1 [3]. 

The International Energy Agency (IEA) states 
that in Europe the petrol resources will be exhausted 
in maxim 40 years, the natural gas in approximate 
60 years and the carbon in less of 200 years. This 
thing means that, Europe has to import soon 70% 
from the energy consumption. Therefore, the EU 
(European Union) member states had to find re-
newable energy sources. EU aims that, until the 
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year 2020, 20% from the energy consumming of 
their states to be assured from renewable sources.  

 

 
 

Fig. 1. Global distribution of GHG [3]. 
 

In the year 2009 it has been adopted, in the 
Energy-Climate changes legislative package, the Di-
rective 2009/28/CE on the promotion of renewable 
energy sources, which states mandatory targets for 
each member state, in order to reach the european 
purpose of 20%.  

Romania has as national objective the assurance 
of 24% energy produced by renewable sources 
from the total energy of the year 2020.  

3. THE LEGAL FRAME ON RENEWABLE 
SOURCES AND THE BIOMASS 
POTENTIAL IN ROMANIA 

3.1. The legal frame on renewable sources  
in Romania 

● As to romanian enviromental legislation, the 
Directive 2001/77/CE  was implemented by GD 
443/2003 on the promotion of the electrical energy 
from renewable sources, which specify: ”the 
promotion of production of electrical energy from 
renewable sources, including the large hydrolectric 
plants, represents an objective of national interest”.  

● An other important legal norm is GD 958/ 
2005 which modify the percent of RES, stating the 
share of 33% energy produced by RES until 2010, 
of 35% until 2015 and of 38% until 2020.  

In accordance with european norms, the public 
facilities must have an exemplary role in the field 
of the efficient use of energy and RES, with the 
application of most modern solutions of moderni-
zation and  rehabilitation [4]. 

3.2.  The biomass potential in Romania 

In order to differentiate the biomass potential, 
in Romania there were constituted 8 regions, namely: 
region 1/Delta;  region 2/Dobrogea; region 3/ 
Moldova; region 4/The Carpathians; region 5/The 

Transylvania Plateau; region 6/ Western Plain; 
region 7/Undercarpathians; region 8/South Plain. 
In Fig. 2 it was illustrated the biomass potential in 
Romania, distributed by regions.  
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Fig. 2. Biomass potential on regions of 
Romania [5]. 

 
It is found that the potential of region 8 domi-

nates quantitatively, with a value of approximate 
126.640 TJ yearly. The agricol potential is of 
200.935 TJ in comparison with total potential of 
518.940 TJ yearly of biomass consisting of forest, 
wood, agricultural, biogas and urban wastes. 

The agricultural potential has an important 
percent in biomass quantity, therefore the agricol 
potential of EU countries can be used in order to 
produce crops with important energy efficiency. [6]   

4. PRESENTATION OF VEGETABLE     
OILS PHYSICAL AND CHEMICAL  
CHARACTERISTICS  

Following the researches in order to achieve 
some economical and ecological performances of 
the combustion technologies of the crude vegetable 
oils, so that not substantially modify the existing 
plants, there were determined the physical and 
chemical  characteristics of rape oil, of soybean oil, 
and of sunflower oil [7]. For the sunflower oil and 
soybean oil, those are given in Table 1. 

The vegetable oils have the low caloric value 
a little lower than LFO (the value between 
38.096 kJ/kg şi 38.418 kJ/kg).   

5.  COMBUSTION EXPERIMENTS  OF THE 
MIXTURES OF LFO AND VEGETABLE 
OIL AT 2 MW FURNACE  

There were made experiments of mixtures 
combustion constituted by LFO and sunflower oil, 
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in order to prove the combustion capacity of liquid 
fuels additived with crude vegetable oils[8].  

 
Table 1 

Characteristics of vegetable oils [7] 

Nb. Characteristic UM 
 

Sunflower 
oil 

Soybean 
oil 

1 Carbon content, Ci % 76,5 77,54 

2 Hydrogen content, Hi % 12,79 13,08 

3 Nitrogen content, Ni % 0,05 0,00 

4 Sulphure content, Si % 0,08 0,00 

5 Oxygen content, Oi % 10,58 9,28 

6 High caloric value kJ/kg 40.441 41.189 

7 Low caloric value kJ/kg 38.096 38.418 

8 Viscosity at 50°C °E 2,97 3,15 

9 Viscosity at 80°C °E 1,90 1,90 

10 Ignition temperature °C 320 310 
 

The tests were realized on the 2 MW furnace 
located at Nuclear, Classic, and Thermomechanical 
Equipment Department from Politechnica Univer-
sity of Bucharest.  

– The installation consists of the furnace with di-
mensions 1.5 x 3 x 4.5 m, the burner with rotary cup, 
the fuel supply circuit; the primary and secondary air 
circuit; the burner allows the pulverization of maxim 
100 kg/h, at a speed of  8000 rot/min. They used air 
preheated at a temperature of 150-300ºC.  

– The experiments were performed in two stages, 
one at a fuel flow of 100 kg/h and other at a fuel flow 
of 60 kg/h; the flame length was 1600 mm in the 
first case and 1250 mm in the second.  

The side-view of the experimental furnace of 
2 MW is given in Fig. 3. 

  

 
 

Fig. 3. Side-view of the furnace of 2 MW. 

In Fig. 4 it was illustrated the flame produced at 
the combustion of the mixture consisted from LFO 
and 40% sunflower oil. 

 

 
 

Fig. 4. The flame of the mixture  consisted from LFO  
and 40% sunflower oil. 

6. RESULTS OF EXPERIMENTS AND  
OF NUMERICAL COMPUTATIONS 

The mixtures structures experimented consisted 
from LFO and 20% until 40% sunflower oil. The 
electric power of the boiler registered values between 
650 kW and 1000 kW.  

The main caracteristics of the combustion process 
and the performance tests results are given in Table 2.   

 
Table 2 

Performance test results of the combustion process  
of the LFO and sunflower oil  mixtures 

Parameters performing Mixtures of  LFO 
and sunflower oil 

LFO 

Thermal regime, [kW] 650 850 1000 

Oil flow,  [kg/h] 65 80 95 

Gas temperature at stake, 
 [0C] 

303 302 301 

 O2  [%] 15,5 15,4 15,6 

 CO2  [%] 4,0 4,1 3,9 

CO  [mg/m3] 1,2 1,2 1,2 

NOx  [mg/m3] 32 45 40 

SO2   [mg/m3] 42 42 42 

 Air excess,  3,82 3,75 3,89 

Depression  [hPa] 0.20 

Boiler efficiency [%] 63,2 63,7 62,8 
 

• NOx values from the experiment, corrected at 
3% oxigen are [9]: 

 NO , 100%x LFOC = 
21 3

40
21 15.6





= 133 mg  (1) 

 NO , 80%x LFOC = 
21 3

32
21 15.5





= 105 mg  (2) 
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  NO , 60%x LFOC = 
21 3

45
21 15.4





= 145 mg  (3) 

• NOx values resulted from numerical computa-
tions: 

Further it is presented the mathematical model 
for NOx computation at LFO 100%, then those are 
followed by the results for the three structures of 
mixtures.  

NOx computation for the case LFO 100%, which 
uses as baseline data: the low caloric value, the flue 
gas volume, the air volume, the excess air coefficient, 
resulted from the combustion process computation 
[9,10].  

Initial data: 

Qi = 40600 kJ/kg            Va = 10.77 m3
N/kg  

Vga=12.14 m3
N/kg           α = 1.1 

The heat exhausted from combustion area: 

 Qf = 40600 kJ/kg + 2725.99 kJ/kg = 
 = 43325.99 kJ/kg   (4)  

 Qaa = α·Va·ca·tap = 1.1·10.77·1.53·150 = 

 = 2725.99 kJ/kg   (5) 

where tap is the temperature for the air preheating; 
ca – the specific heat of the air, kJ/ m3

N·K; α – the 
air excess in furnace; Va – the air needed for 
combustion; Vga – the flue gas exhausted from 
combustion. 

The value of Tm (the maximum temperature in 
the flame area) depends, in adiabatic conditions, on 
the combustion temperature in the flame area, given 
by (11). 

The adiabatic temperature for the specific heats 
can be calculated as follows [9,10]: 

 ta = 
1950

a
(1 + 0.36 ·10–5 Qf ) = 

 

1950

1.1
 (1 + 0.36 ·10-5 43325.99) = 2038 °C.  (6) 

The specific heat of combustion and air in the 
burning process of the mixture consisted of the fuel 
oil and vegetable oil can be determined as follows : 

 cga = 1.57+0.134 kt  (7) 

 ca = 1.46+0.092 kt,  (8) 

where  kt = (ta-1200)/1000  (9) 

is the coeficient of variation of specific heat with 
temperature.  

Therefore kt = (2038 – 1200)/1000 = 0.83 and 
cga = 1.68; ca = 1.53. 

The adiabatic temperature in the combustion 
area can be calculated as follows [9,10]: 

273
1.016( 1)

43325.99
273

12.51 1.68 1.016(1.1 1)10.77 1.54

 2152 K

 
     

  
  






a
f

ga ga a a a

Q

V c V c
T

 (10) 

where Qf is computed with (4). 
The maximum temperature in the flame area 

can be calculated as follows [9,10]: 

  Tm =  0.25
1     a aT m  = 

 = 0.98  0.25
2152 1 0.3 1     1927 K.  (11) 

Consider β = 0.98, ψ =0.3, ma = 1 (β – rate of 
fuel burn up to the maximum flame temperature 
area; β = 0.97-0.99 for liquid and gaseous fuels;  
ψ – coefficient of walls thermal efficiency in the 
core of flame, considered at 1.5 m above the last 
row of burners, ma = 1, for swirl burners). 

The theoretical time to achieve equilibrium con-
centration of NO at temperature Tm is given by: 

0 = 0.024 · 
54290

1927 23e  = 0.024· 5.17e = 4.2 s. (12) 

Reaction time for the formation of oxides of 
nitrogen, K, in furnace is determined by the relation-
ship: 

 r =



r

a f

T

T T
.

0,5

300

 
 
 

sq
st =  (13) 

  
0,5

64,06 0.07 20
8 0.07 s

2152 1672 300

      
 

The temperature difference of the NOx forma-
tion reaction [9,10]: 

ΔTr =
2 510

50.614 10


 

m

m

T

T
= 

2 5

5

1927 10

0.614 1927 10






 

 = 

 = 58.9 K   (14) 

τst, the stationary time of combustion gases in 
the furnace, 

 
 

273

1


 

     st
v f gaq T v r

s,  

given by [9,10]:  

 
 

273

1


 

     st
v f gaq T v r

 

 (15) 
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where:  

 qv =


i

f

BQ
,   (16) 

thermal volume apparent loading of furnace, MW/m3 

 
   

0 .2544 ''0 .8 4  
  f m fT T T   (17) 

average temperature of the combustion gases in 
furnace, K; vga – average reported theoretical volume 
of combustion gases from α =1.1 m3/MJ; for mixture 
of fuel oil and vegetable oil, vga = 0.28 m3/MJ;  
r – recirculation degree (we consider r=0 in this 
case); ξ – coefficient of filling section furnace by 
the combustion gases stream. 

Replacing in the above relationship: 

 Tm = 1927 K and T”f = 1273,  

rezults Tf = 1672 K. 

 qv = 0.052 MW/m3,   ξ = 0,8;  1.1   

The result, with (15), will be τst =  8 s. 
The concentration of nitrogen oxides which are 

formed as a result of the reaction with the flame 
nucleus area and expression as nitrogen dioxide 
NO2

t, g/m3 is determined as follows [9,10]: 

  
2

3 0.5
2 O

0

NO 7.03 10 exp 10860 /


    


t r
mC T  (18) 

where 
2OC is the mass concentration of oxygen 

existing in the reaction zone (in excess), kg/m3 and 
is determined by the relationship [9,10]: 

2

2

.5
O

3
N

O0
0.21 ( 1)

( 1)

0.21 10.77 (1.1 1) 1.42

12.73 (1.1 1) 10
 0.02 kg/

.77
m

    
 

   

   
 

  

a

ga a

V
C

V V

 
(19) 

Replacing 
2OC
 

in (18), the result of 2NOt  

concentration will be: 

 

   0,5

2

3
3N

N

0,0710860NO 7,03 0,02 exp
1927 4, 2

mgg/ 0,049  49
m

 m

  

 

t

  

(20) 

At 2NO p
 calculation, taking into account the 

increased speed of the combustion reaction, it was 
introduced the Tm’ temperature, given by: 

 Tm’ = 1,01 Tm,  (21) 

The value obtained is '
mT  = 1946 K. 

The concentration of prompt nitrogen oxides is 
determined by the mathematical relationship: 

 

0,33

2

0,33

' 800
NO 0.1

1000

1946 800
0.1 1.1

1000


   


   

 
  
 

 
 
 

p mT

 

 = 0.11 mg/m3
N = 110 mg/m3

N  (22) 

Finally, the total concentration of nitrogen 
oxides will be: 

 NOx = NO2
t + NO2

p  (23) 

 NOx = 49 mg/m3
N + 110 mg/m3

N = 159 mg/m3
N 

 
process computation being realized by the 

There were determined, by applying the same steps 
of the model, the final NOx values for the two 
mixtures structures, in those situations the combus-
tion equivalence elemental analysis of the LFO and 
sunflower oil [9]. 

The computed NOx emissions values at LFO 
and sunflower mixtures, at the combustion process 
on the 2 MW furnace are presented in Table 3. 

We find that the caloric value for the mixtures 
is decreasing a little, depending on the oil percent, 
but for now it is important the pollutant emission 
decreasing, instead of the maximum caloric value. 

The comparative illustration of NOx emissions 
for the LFO and sunflower oil mixtures in the case 
measured NOx, respective computed NOx was 
illustrated  in Fig. 5. 

 

NOx variation at mixtures of LFO and 
sunflower oil, furnace of 2 MW
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Fig. 5. NOx emission evolution for the LFO and  sunflower oil 
mixtures, in the cases of measured and computed NOx. 
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Table 3 

Computed NOx emissions values at LFO  and sunflower mixtures, at the combustion process at 2 MW furnace                                      

Parameter symbol 
(computation relationship) 

Mixture structure (LFO, sunflower oil) 

LFO 100% 
Oil 0% 

LFO 80% 
Oil 20% 

LFO 60% 
Oil 40% 

1 2 3 4 

Qi,  kJ/ m3
N  40600 40528 40456 

Va, m
3

N / m3
N  10,77 10,45 10,29 

Vga, m
3

N / m3
N 12,73 12,54 12,39 

α , -  1,1 1,1 1,1 

cga, KJ/ m3
N          (7) 1,68 1,68 1,68 

ca , kJ/ m3
N           (8) 1,53 1,53 1,53 

Kt                         (9) 0,83 0,83 0,83 

ta,  °C                   (6)  2038 2038 2039 

Ta, K                   (10) 2152 2175 2194 

Tm,K                   (11) 1927 1940 1957 

τo, s                     (12) 4,2 3,5 2,7 

τr, s                     (13) 0,07 0,04 0,05 

ΔTr, K                (14) 58,93 59,68 60,77 

τst, s                    (15) 8,0 8,0 7,9 

CO2, g/m3            (19) 0,02 0,02 0,02 

NO2
t, mg/ m3

N   (20) 49 33 54 

NO2
p, mg/ m3

N   (22) 110 110 115 

NOx, mg/ m3
N    (23)                159 143 169 

 

7.  CONCLUSIONS 

1) NOx emissions. NOx measured and com-
puted are  following a polynomial law; NOx value 
at mixture with 20% oil show a marked decrease, 
from 133 mg to 105 mg in the case measured NOx, 
and from 159 mg to 143 mg in the case computed 
NOx. 

NOx values evolution in the case measured and 
computed has similar evolution, respective a poly-
momial trend. The polynomial approximation in the 
computed case is: y = 21x2 – 79x + 217 and in the 
measured case: y = 34x2 – 130x + 229. 

NOx values at mixture with 40% sunflower oil 
are exceeding the NOx value at LFO 100%, this 
fact leading to the limiting the oil percent at 40%, 
in order to maintain a proper value for the com-
bustion process efficiency, even the legal norms in 
force accept the limit value of 450 mg/mN

3 [9,10]. 
2) SO2 emissions. SO2 measured of 42 mg do 

not have major impact on the environment; oils 
contain under 1% sulphur, respective 0-0.8% sulphur, 
in accordance with the values of table 1; this fact 
leads to the sulphur content decreasing at mixtures 
with a vegetable oil content; in this case, the con-
stant value of SO2 emissions is forward the fact that 
in elemental analysis of the mixtures, the sulphur 
content varies in very close limits. 

In the recent years, the European regulations 
take also into consideration, at SO2 computation, 
the soil initial acidity where the plants used for the 
oils extraction were produced. 

3) CO2 emissions 
CO2 measured between 75,58 ·103 mg in the 

case LFO 100% and 79,45·103 mg in the case LFO 
60% lead to the followings 

– the oil introduction in the LFO mixture does 
not have major impact on the CO2 emissions  
quantity 

– the registered average CO2 value is a   proper 
value for this type of experimental furnace. 

In accordance with the European regulations, it 
is considered that CO2 emissions of the plants is 
zero, because they have absorbed CO2 during their 
growth and development. 

Therefore, the vegetal biomass used in energy 
field is neutral from the point of view of CO2 
emissions. 

Nevertheless, the biofuels must not have zero 
GHG emissions, in order to represent a benefit, they 
only must emit less than fossil fuel emissions [11].  

4) The efficiency of the combustion process 
of the mixtures. The experiments proved that the 
mixtures of LFO and vegetable oil have similar 
combustion properties to those of the fossil fuels; 
in addition, the caloric value is a little decreasing at 
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mixtures, but this fact does not affect the efficiency 
of the combustion process. 

In Romania, there is an important RES potential, 
the energetic plants holding a major role in the 
energy field development; the fuel changing, the 
improving of the efficiency of the electrical energy 
and heat production process are objectives which 
lead to the mandatory targets of EU norms and to 
the saving of the internal resources of fossil fuels. 

ABBREVIATIONS 

GHG = greenhouse gas 
NOx = nitrogen oxides 
SO2 = sulphure dioxid 
CO2 = carbon dioxid 
RES = renewable energy sources 
TJ = terajoules 
LFO = light fuel oil 
CE = European Comission 
UE = European Union 
GD = Government Decision 
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