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Abstract — Oxygen-enhanced combustion is a highly efficient burning technology. When it is applied in condensing gas-fired hot 
air furnace, it not only reduces the combustion supporting air, but also greatly increases the content of vapor in the exhaust smoke 
and heightens the dew point. It is propitious to reclaim vaporization heat in the exhausted smoke. We carry out analytical 
computations to adopt oxygen-enhanced combustion to cause the hot air furnace to combust more fully. The volume of the 
exhausted smoke is reduced greatly and the water vapor quality percentage of the flue gases is increased. When the condensation 
heat transfer technology is used, the condensation rate of the vapor is increased up to 90% and the heat loss of the smoke can be 
reduced below 2%. At the same time, the condensing boiler does not save energy but also reduce the harmful substance discharged 
into the atmosphere. That is because of the condensation water dissolving part of the harmful substances in the exhausted flue gas 
especially in high sulfur content fuel. Through experimental tests, the sulfides and the dust can be reduced by more than 90%. The 
environmental protection is very significant. 

Keywords - Oxygen-enhanced Combustion, Condensing, Energy Saving, Environmental Protection 

I. INTRODUCTION 

Oxygen-enriched combustion which is referred to OEC 
is using the higher ratio of oxygen content for combustion 
and pure oxygen is the limit. Present, OEC technology is 
generally used for Industry furnace combustion and mainly 
in order to improve the furnace flame root temperature, 
reducing the furnace size, reducing the flue gas and 
reducing the emissions of pollutants which is an energy 
efficient combustion technology [1, 2, 3], but because of 
the oxygen produce’s cost, it is limited in application. As 
the oxygen manufacture technology progressing, 
especially the oxygen enriched membrane oxygen 
technology progressing, oxygen-enriched combustion 
technology has been to promote in recent 20 years. The 
western developed countries and the Soviet Union began 
to study this technology in the early nineteen sixties and 
achieved good results in the late 70 and early 80. The 
application of OEC in the condensing hot air furnace is not 
much and this paper analyses the feasibility of OEC in 
theory. 

II. THE EFFECT ON THE COMBUSTION AIR AND EXHAUST 

SMOKE VOLUME OF OXYGEN-ENRICHED RATIO a 

Because of the oxygen content increased after using 
the OEC, it results in a significant reduction in the amount 
of combustion gas. The oxidant after oxygen enriched is 
the mixture which contains enriched oxygen and the 
air. If the enriched oxygen volume percentage is 
denoted as a (%) and the air volume percentage is 
denoted as b (%), the total oxidant is a+b. If the fuel 
combusts completely, the amount of theoretical air which 
needed is 0

kV  (enriched oxygen volume percentage a=0) 

and the complete combustion theory oxidation after 
oxygen enriched is 0

foV (enriched oxygen volume 

percentage a ≠ 0). Definition the ratio of theoretical 
oxidant after oxygen enriched and the ordinary theoretical 

air which fuel combusts completely needed is theoretical 
air ratio , then: 
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Figure 1.  The relationship between theoretical air ratioФand enriched 
oxygen volume percentage a 

When the hot air furnace adopts oxygen-enriched 
combustion, the total volume of combustion-supporting air 
which entering the system and the flue gas emissions all 
reduce together. According to the analysis, we can obtain 
the flue gas reduction volume and the reduced amount of 
the flue gas is nitrogen. Definition the ratio of the flue gas 
reduced volume

pfV  which each unit gas complete 

combustion emits after oxygen enriched and theoretical air 
0

kV  is theoretical flue gas reduction ratio ω, we can also 

use enriched oxygen volume percentage a to express as 
follow: 
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Figure 1 shows the theoretical air ratio along with the 
combustion air after enriched oxygen change condition. In 
general, we usually use atmospheric air combustion in the 
hot air furnaces’ design calculation, which the enriched 
oxygen volume percentage is 0. According to the formula 
(1), on the actual combustion equipment, in a determining 
operating condition, for a certain amount of fuel 
consumption, if we Increase the enriched oxygen volume 
percentage of the combustion supporting air, even if only a 
few percent, the required amount of theoretical air will 
significantly reduce. For example, if the enriched oxygen 
volume percentage is increased to 10%, then the required 
amount of theoretical air reduces to the original 72.7%, 
that is to say the amount of nitrogen was reduced by 
27.3%, with the enriched oxygen volume percentage 
increases, the changes gradually leveled off. From figure 
2, the flue gas is decreased with the enriched oxygen 
volume percentage increased. In this way, if we adopt an 
appropriate enriched oxygen volume percentage, we can 
not only select a small fan, reduce the fan energy 
consumption, but also can reduce the exhaust flue gas heat 
loss. 

 

Figure 2.  The relationship between theoretical flue gas reduction ratio
ωand enriched oxygen volume percentage a 

In fact, when we adopt oxygen-enhanced combustion, 
because of more complete fuel burning, the dust emissions 
to the atmosphere that dust collector collects difficultly 
such as carbon particles and other inhalable particles is 

reduced, the furnace heat transfer is enhanced, the exhaust 
flue gas loss is reduced, and then the fuel consumption will 
be decreased notability. According to the introduce, Japan 
used 23% oxygen-enhanced in the furnace, saving energy 
high up to 26.7%; the United States of America used 23% 
~ 24% oxygen-enhanced in casting furnace, average 
saving energy 44%; Wuhan Iron and steel plant used 
oxygen-enhanced, saving an average of 420000 tons of 
coke a year. Thus, the oxygen- enhanced combustion is 
obvious in energy saving and at the same time also reduces 
the dust emission from the source. 

III. THE INFLUENCE OF ENRICHED OXYGEN VOLUME 

PERCENTAGE A ON FLUE GAS DEW POINT TEMPERATURE 

AND CONDENSATION RATE 

The flue gas dew point temperature is related to the 
flue gas water vapor content, when the flue Gas water 
vapor pressure is greater, the dew point of the flue gas 
temperature is higher, the water steam in flue gas is more 
easily condensed. With the flue gas dew point temperature 
rising and the same condensation temperature, the water 
vapor condensation rate is increased and the latent heat is 
recovered more. For the natural gas and fuel oil with 
higher hydrogen content relatively clean fuel, the 
oxygen-enriched combustion can improve the vapor 
content in gas, which is beneficial to the condensing heat 
recovery system and can be significantly to improve the 
thermal efficiency of the equipment. Condensing gas-fired 
hot air furnace is increased the hot water yield through 
recovering the condensation latent heat and sensible heat 
and improved the thermal efficiency. 

A. The influence of enriched oxygen volume percentage 
a on flue gas dew point temperature 

Here, we use North Shanxi natural gas as an example 
(Table 1) and discuss the influence of energy-saving effect 
on oxygen-enriched combustion of condensing gas-fired 
hot air furnace in theoretical combustion state. The 
relationship of the oxygen concentration of 
Oxygen-enriched combustion ε and enriched oxygen 
volume percentage a is as follow: 

 a79.021.0  （）
The relationship of the combustion products and the 

enriched oxygen volume percentage a is in table 2. 

TABLE 1.    NORTH SHANXI GAS CHARACTERISTICS 

Volume percentage（%） 
arvnetQ ,,

 

MJ/m3 

R(Relative 
density) 

arvgrQ ,,
 

MJ/m3 

Q  

 MJ/m3 CH4 C2H6 C3H8 IC4 NC4 CO2 H2 N2 

96.1 0.45 0.075 0.02 0.01 3.2 0 0 33.24 0.5799 37.16 3.92 

Using the data in Table 2, we can get the flue gas dew 
point temperature of different enriched oxygen volume 
percentage a. The dew point temperature of the flue gas 
can be calculated by equation (4), the error is not more 
than 0.1℃ [4, 5, 6]. 


gd xt 250log6.37 （）

In which: gx ——the flue gas moisture content, 

kgkg / (Dry flue gas).  

The calculation results of dew point temperature are 
shown in table 3; the relationship of dew point temperature 
and enriched oxygen volume percentage a is shown in 
figure 3. 
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TABLE 2.    THE RELATIONSHIP OF THE COMBUSTION PRODUCTS AND THE ENRICHED OXYGEN VOLUME PERCENTAGE A 

enriched oxygen volume percentage a （%） 0(Atmosphere) 25 50 75 100 

Oxygen concentration   0.21 0.41 0.61 0.8 1.00 

Theory oxidizing volume（ gasmm 33 / ） 9.257 4.741 3.187 2.430 1.944 

2CO （ gasmm 33 / ） 1.000 1.000 1.000 1.000 1.000 

2N （ gasmm 33 / ） 7.313 2.797 1.243 0.486 0.000 

OH 2 （ gasmm 33 / ） 1.939 1.939 1.939 1.939 1.939 

Dry flue gas volume（ gasmm 33 / ） 8.313 3.797 2.243 1.486 1.000 

Dry flue gas quality（ 3/kg mgas ） 11.11 5.46 3.52 2.57 1.96 

Water quality（ gasmkg 3/ ） 1.56 1.56 1.56 1.56 1.56 

Flue gas volume（ gasmm 33 / ） 10.252 5.736 4.182 3.425 2.939 

TABLE 3.    THE DEW POINT TEMPERATURE IN DIFFERENT ENRICHED OXYGEN VOLUME PERCENTAGE A 

Enriched oxygen volume percentage a (%) 0(Atmosphere) 25 50 75 100 

gx  0.14 0.29 0.44 0.61 0.80 

Dew point temperature dt （℃） 58.1 69.7 76.9 82.0 86.4 

 
On the data processing, when we adopt least square 

method, the two function relationship of dew point 
temperature and enriched oxygen volume percentage is as 
follow: 

 20019.04642.04829.58 aatd  （

）

 

Figure 3.  The relationship of dew point temperature and enriched oxygen 
volume percentage 

The comparison of fitting curve and calculated data is 
shown in figure 3. 

As you can see from Figure 3, with the enriched oxygen 
volume percentage increasing, the flue gas dew point 
temperature rises gradually. When the enriched oxygen 
volume percentage a is at 25%, 50%, 75% and 100%, the 
flue gas dew point is 69.7℃, 76.9℃, 82.0℃ and 86.4℃. 

According to the condensing gas-fired hot water boiler 
design principles (boiler feed water temperature is lower 
than the flue gas dew point temperature), when the 
condensing boiler which using oxygen-enhanced 
combustion is more energy-saving than the ordinary type hot 
water boiler and the general type of condensation hot water 
boiler in 95℃/70℃ (or 80℃/70℃) heating system 

B. The vapor condensation rate in different enriched 
oxygen volume percentage a 

The theoretical condensation rate of vapor in the flue gas 
is according to formula (6). 
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In which: 
sP ——the water vapor saturation pressure of 

corresponding exhaust gas temperature, Pa; 

yP ——the flue gas pressure, Pa; 

yV ——the flue gas volume of each unit gas after 

complete combustion, gasmm 33 / ; 

OHV 2
——the OH 2

volume of each unit gas after 

complete combustion, gasmm 33 / . 

According to the combustion product data of Table 2, 
we calculate the condensation rat   in different exhaust 
flue gas temperature and four kinds of states of a =0%, 
a =25%, a =50% and a =100%, the calculation results 
are shown in figure 4. According to figure 4, in the same 
smoke temperature, the bigger the enriched oxygen 
volume percentage a is, the greater the vapor 
condensation rate is. When the exhaust flue temperature 
is below 35 , the condensation rate can reach more than 
90%. 
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Figure 4.  The condensation rate in different enriched oxygen volume 
percentage a  

IV. THE INFLUENCE OF ENRICHED OXYGEN VOLUME 

PERCENTAGE a  ON EXHAUST HEAT LOSS 

The calculation of exhaust gas heat loss is as follow [7]: 

%1002
2 

rQ

Q
q

（）
In which: 

rQ ——boiler heat gain, 3/ mkJ gas; 

2Q ——exhaust heat loss, 3/ mkJ gas. 

According to formula (7), we analyze the relationship 
between the flue gas heat loss and exhaust gas 
temperature in four different conditions which is 
a =0%, a =25%, a =50%and a =100%, as shown in 
figure 5. 

From Figure 5 we can see that: (1) With the enriched 
oxygen volume percentage a increasing, the heat loss of the 
exhaust gas is not increased but reduced in the same exhaust 
smoke temperature. (2) When the exhaust gas temperature is 
greater than the flue gas dew point temperature, with the 
enriched oxygen volume percentage a  increasing, the 
change rate of exhaust gas heat loss relative to exhaust gas 

temperature is reduced. (3) In the same enriched oxygen 
volume percentage a , when the flue gas temperature is 
equal to the dew point temperature, the exhaust smoke heat 
loss decrease sharply with the exhaust gas temperature 
decreasing, that is to say the latent heat of the vapor in the 
exhaust smoke is recovered. (4) When the flue gas 
temperature changes from 170  to 40 , the heat loss is 
reduced to4.6%, 1.9%, 1.4% and 0.8% ,which corresponding 
to the enriched oxygen volume percentage a =0% ，

a =25%， a =50%and a =100%. The trend tends gently. 
This is mainly due to the smoke reduced and the amount of 
water vapor content changed little, but the total thermal 
efficiency is still gradually increased. 

 
Figure 5.  The relationship of flue gas heat loss and exhaust smoke 

temperature in different enriched oxygen volume percentage a  

V. ANALYSIS OF ENVIRONMENTAL PROTECTION 

When one cubic meter natural gas is combusted 
completely, it can be produced about 1.55kg water 
vapor. When the vapor is condensed, parts of the gas 
combustion products will dissolve in the condensed 
water, it will greatly reduce the harmful matters 
discharged into the atmosphere. Table 4 shows the 
harmful material discharged to the atmosphere of a boiler 
house when it uses a condensing boiler or not. 

TABLE 4.  THE COMPARISON OF HARMFUL SUBSTANCES DISCHARGED INTO THE ATMOSPHERE 

Exhausted Flue gas composition Ordinary boiler Condensation boiler Reduced/% 

Heat / MWh 2600 1100 57.7 

Vapor/×103kg 1580 750 52.6 

CO2/×103kg 1900 1220 35.84 

CO/×103kg 19 7.9 58.4 

SO2 / kg 4000 - - 99 

SO3 / kg 340 - - 99 

NOx / kg 3000 1470 50.9 

Dust / kg 800 56 93 
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According to table 4, the condensing boiler besides 
saving energy and it also can greatly reduced the harmful 
substances discharged into the atmosphere especially in 
the use of high sulfur content fuel. We can find that 
about 99% sulfides and about 93% dust can be removed 
in table 4. Therefore, the condensing boiler has a strong 
environmental protection. 

VI. CONCLUSION 

After the above theoretical analysis, the 
oxygen-enhanced combustion which as a kind of 
energy-saving combustion technology applied in condensing 
boilers has the following advantages: 

 1) With the enriched oxygen volume percentage a  
increasing, the amount of combustion air and exhausted flue 
gas is not increased but reduced and it also can reduce the 
exhaust fan power and the exhausted flue gas sensible heat 
loss; 

 2) The flue gas acid dew point temperature increases 
with the enriched oxygen volume percentage a  increasing, 
when the a  is 25%, 50%, 75% and 100%,  the dew point 
temperature is 69.7 , 76.9 , 82.0  and 86.4 ; 

 3) In the same exhausted smoke temperature, the water 
vapor condensation rate is increasing with the enriched 
oxygen volume percentage a  increasing; 

 4) The exhaust gas heat loss is not increased but 
reduced with the enriched oxygen volume percentage a  
increasing in the same the same exhaust temperature. When 

the a  is 0%, 25%, 50% and 100%, the exhaust smoke heat 
loss is 4.6%, 1.9%, 1.4% and 0.8%. The heat efficiency of 
the boiler is enhanced. 

5) The condensing boiler can greatly reduced the 
harmful substances which are discharged into the 
atmosphere especially in the use of high sulfur content 
fuel. The sulfides and the dust can be reduced to more 
than 90%. 
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