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ABSTRACT 

Gas injection in the fl u e gas en trance of the eyelon e as a means of reducing nitrous 

oxide (NzO) emissions from circulating fluidized-bed (CFB) hoilers was investigated 

in full-seale experiments. The investigation was conducted at the 12 M\V CFB hoiler 

at Chalmers University of Technology, with Liquified Petroleum Gas (LPG) as 

injection fuel. Reduction ratios of about 90% were reached at injection fuel ratios 

(i.e. energy in injection fuel divided by energy in prirnary fuel) of 12%, provided that 

the excess-air ratio from the bed corresponded to an oxygen concentration of 

02 < 3.5%. For 02 == 5% about 60% reduction was achieved at 12% injection fuel 

ra.tio. The N20 emission approaches zero as gas injection eauses the cyclone outlet 

temperature to reach 950-lOOQOC, depending on the excess-air ratio. No negative 

impact on NO emissions was found. Inst.ead, the NO emission decreased slightly with 

higher injection fuel rat.ios. CO emissions decreased significantly with higher 

injection fuel ra.tio, provided that a.dditiona.l air was introduced after the gas injection 

in cases with low excess-air. 

Under normal operating conditions, gas injection did not influence desulphurization 

negatively. At high bed temperature combined with a high injection fuel ratio, 

samewhat increasing S02 emissions were recorded. 
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l JNTRODUCTJON 

Emissions of nitrous oxide (N 20) have become a subject of public cancern during the 

last few years. N 20 is on e of the tra.ce gases \Vhich, besides co2, contri bu tes to the 

greenhouse effect. Although the atmospheric concentration of N 20 is much lower 

tha.n t hat of C0 2, the problem needs consideration, since N 20 is 200 timesstrongeras 

an infrared absorber (Ramanathan et al., 1985). In addition, N20 is averystable 

compound, which is transported to the stratosphere, 'v here i t is photochemically 

oxidized to nitric oxide (NO). This gas in turn is the greatest contrihutar to ozone 

depletion. 

The atmospheric concentration of N20 was 307 ppb in 1988, and it is increasing at 

about 0.7 ppb/year (Elkins, 1989). 

The emission of N20 has both natural and anthropogenic sources (Elkins, 1989). 

Among the natural emissions, the most important are those from ocean wa.ter and 

denitrification of soils. The main anthropogenic sources are soil fertilization and coal 

combustion. Early investigations indicated emission rates from 25 to 200 ppm for 

different combustion sources. After sampling artifacts were discovered (Muzio et al., 
1988), revised measurements have shown emissions from Oame combustion to be only 

0.5 to 5 ppm. However, fluidized bed combustion (FBC) shows considerably higher 

emission rates, generally in the range of 50 to 200 ppm. Since fluidized bed 

combustion has large environmental ad vantages in other respects (e.g. low NO x 

emissions and in-bed desulphurization), it is ofprime interest to find methods to 

reduce the N20 emissions from FBC. 

N 20 chemistry 

The formation and destruction pathways of N 20 are quite complex and not yet fully 

understood. Both homogeneous and heterogeneous reactions are thought to be 

important under FBC conditions. A condensed review of these, as well as other 

aspects of N20 emissions from fluidized bed combustion, is given by Mann et aL, 
1992. The most important homogeneous gas-phase reaction leading to N20 is 

thought to be 

NCO + NO~N,O+ CO (R!) 
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and to same extent 

NH + NO~N,O +H (R2) 

The necessary intermediates, NH and NCO, are formed from NH3 and HCN, w hi ch 

are released as volatiles from the fuel. The homogenenus reactions have been studied 

by Kilpinenet al., 1991, and measurements have been performed by Hulgaard, 1991. 

The heterogenenus pathwa.ys have been studied by de Soete, 1992. He concludes that 

at FBC temperatures N20 is mainly releasedas a desorption product from oxidation 

of char-nitrogen atoms. Kramlieb et aL, 1989, in con trast, suggested that HCN is 

released through devolatilization or heterogenenus gasification of char-nitrogen. This 

subsequently forms N 20 through the homogeneous reactions mentioned above. The 

relative importance of the different pathways is still under debate. 

The principal paths of N 20 destruction are 

(R3) 

N20 +OH~ N,+ H0 2 (R4) 

(R5) 

Reaction (R3) has been shown to be the dominant removal mechanism at higher 

temperatures (Ernola et al. 1989, Roby et al. !987). !t is favoured by high 

concentration of hydrogen radicals, which rueans that destruction of N20 is rapid at 

higher temperatures, for exa.rnple in flame combustion. This is the main reason w hy 

emissions from flame combustion are low. In fluidized bed combustion, however, the 

temperatures are too low to permit rapid removal through (R3). Instead, (R4) has 

been shown by Kilpinenet al. (1991) to be an important removal channel under FBC 

conditions. In addition, heterogeneons destruction on char may occur (de Soete, 

1992), and on other partide surfaces such as CaO {Miettinen et al., 1991), but at 

regular FBC temperatures the reduction is not sufficient to avoid considerable N20 

emissions. 

Even though the N20 chemistry is not yet known in detail, the influence of operating 

pararneters in fluidized bed combustion is quite weil investigated. A review of these 

aspeels is given by Leckner and Åmand (1992). 
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The effectiveness of reaction (R3) as an N20 removal channel implies that a higher 

combustion temperature may reduce the N20 emission problem. However, if the bed 

temperature in an FBC hoiler is rajsed, higher NO emissions and lower sulphur 

capture will inevitably result. Thus, other means of prornating reduction have to be 

laoked for. One way is to burn an injected fuel after the combustion cha.mber. If the 

injection fuel has a low nitrogen content and raises the temperature of the 

combustion gases by one or two hundred degrees centigrade, a significant decrease in 

N20 emissions should occur. Calculations and full-seale experiments confirming this 

were reported by Leckner and Gustavsson (1991). 

The experiments carried out by Leckner and Gustavsson (1991) showed tha.t an N20 

reduction of about 50% could be achieved w hen combustible gas was injected inta the 

cyclone after the combustor of a CFB boiler. Injection fuel ratios, i.e. energy in the 

injected gas divided by energy in the primary fuel (JFR) of about 10% were then 

used. However, calculations preeecting the full-seale experiments bad indicated 

reduction potentials of about 90%. The difference was attributed to loss of heat to 

particles and cyclone walls, and maybe also to insufficient residence time. It was also 

shown in one experiment that operating the hoiler at low excess-air ratios made it 

possible to reach very low N20 levels through gas injection. This fa.ct, as weil as 

interest in what ha.ppened at higher injection fuel ratios, made a more detailed inves

tigation of the method necessary in order toassessits potential. This investigation is 

reported below. 



2 EXPERIMENTAL 

The boiler 

The experiments were carried out in the 12 MW CFB at Chalmers University of 

Technology. The principal features of the hoiler are shown in Fig.l. 
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Fig.l The 12 MW CFB Boiler at Chalmers University of Technology 

l. Fuel feed chute 
2. Bottom plate 
3. Secondary air inlet at 2.2 ruetres 
4. Cyclone 
5. P art i c! e return led 
6. Partide sea! 
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The height of the combustion chamber is 13.5 m and the square cross-seetian is a.bout 

2.9 m2. Fuel is fcd to the bottom of the combustion chamber through a fuel chute 

(1), primaryairis introduced through nozzles in the bottom plate (2), and seconda.ry 

air can be injected through several nozzle registers located at various levels along the 

combustion chamber and a.lso in the duct after the eyelene outJet (see arrows in 

Fig.l). In the present experiments only the lowest secondary air leve! (3) was used. 

In some cases additional air was f ed inta the cyclone outJet duct. Entrained bed 

material is captured in the refractory-lined eyelene and returned to the combustion 

chamber through the return leg (5) and partide sea! (6). The hoiler is also equipped 

with systems forfly-ashand flue-ga.s rec.ircula-tion. Fly-ash recirculation was not. 

used during the present tests. The flue-gas recirculation is a part of the control 

system for minor actjustments of the temperature of the hoiler and was in operation 

during the tests. The hoiler is normally operated at bed temperatures in the range of 

800-9QOOC, and at oxygen concentration levels of 3-5% 0 2. 

Since the hoiler is a research plant, the measuring equipment is quite extensive. 

There are t wo systems for continuous analysis of flue gases in terms of 02, CO, S02, 

N02and Ni) content (one analyzer). The system is briefly described in Table l. In 

addition, the hoiler l1as a number of thermocouples measuring bed temperatures, 

combustor- to p temperature, cyclone ini et and outlet temperatures, etc. 

Table l The gas analysis systems 

Set of 
analysers 

System No l 

so, 
NO 
c o 
N20 
o, 

System No 2 

so, 
NO 
c o 
o, 

Rang e 

O - 1500 ppm 
O - 100, O - 250 ppm 
0-0-5000ppm 
O - 100, O - 250 ppm 
o- 10% 

O - 100, O - 250 ppm 
O- 1000 ppm 
o - 10% 

Boiler operation 

CO O - 1000 ppm 
o, o - 10% 

Name 

Uras 3G.UV 
Beckman 955, chemiluminescence 
Uras 7N, JR 
Spectran 64 7, !R 
Magnos ST, paramagnetic 

Beckman 955, chernilurninescence 
Binas, IR 
Magnos ST, paramagnetic 

Hartmann & Braun, IR 
Altech, zirconium 



The gas injection svstem 

The experiments were run with Liquified Petroleum Gas (LPG) as injection fuel. 

The main cha.racteristics of the LPG used are given in Table 2. 

Table 2 Characteristics of Liquified Petroleum Gas (LPG) 

Composition, % vol: 

- ethane 

·- propane 

- butane and higher 

max 2.0 

mln 95.0 

max 5.5 

N et calorific vaJue, rviJ /m~ 93.2 

Density, kg/m~ 2.02 

The gas was introduced inta the entrance duct between the combustor and the 

cyclone (see Fig.2). Three burner heads were used, placed according to Fig.2. The 

tips of the burner heads were placed about 100 mm from the duct wall. At the 

burners the duct is 1.6 m high and 0.8 m wide. 

,-
Exit duct 
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~A 
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- particles 
from the 
Cumace 

~~ 

A=gas· mjection 

Fig.2 The cyclone part of the 12 MW CFB Boiler 
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The total capacity of the three burners was about 2.0 M\IV. The ca.pacity can be 

varied continuously down to zero. The gas pressure before the burner heads was 

about l bar. Gas was supplied from pressure cylinders via an evaporator and a gas 

train with measuring andregulating devices. No air was introduced at the location of 

the burners; instead, the oxygen content of the combustion gases was used for the 

combustion of the fuel. However, in certain cases w hen the hoiler was operating at 

low excess-air ratios additional air was introduced after the cyclone outlet (see Fig.l) 

in order to facilitate burn-out. 

The experimental program 

The purpose of the project was primarily to investigate the influence of bed tempera

ture, excess-air ra.tios and injection-fuel ratios on N20 reduction by fuel injection. In 

addition, effects on NO and CO emissions were studied. Normally the tests were run 

on a 11 clean 11 bed, i.e. a bed consisting of silica sand and fuel ashes with no limestene 

added for desulphurization. The prima.ry fuel was a bituminous coal with a low 

sulphur content. The proxima.te and ultimate analyses and other cha.ra.cteristics are 

given in Table 3. Coal samples were taken out every day for proximate analysis. 

Table 3 Characteristics of coal used as primary fuel 

Proximate analysis (as delivered): 

combustibles, % 
- ash 
- moisture, % 

Ultimate analysis (amf): 

79-85 
8-12 
7-10 

carbon, % 81.1 
- hydrogen, % 5.1 

oxygen, % 11.7 
sulphur, % 0.7 
nitrogen, % 1.4 

Net calorific valne (amf), MJ/kg 31.8 



Tests \vere run at bed temperatures of 800, 850 and 9QOOC and at 0 2 contents in the 

flue gases from the bed of 5%, 3.5%, and 2%. The boiler load was 8 MW, except in 

the case of bed temperature soooc where i t was about 5 MW. In each ca.se, three 

tests were run at injection-fuel ra.tios of about 7, 12, and 16% in addition to the 

reference test without ga.s injection. Since injection of gas at, for example, 

8 

IFR = lO% earresponds to a decrease of 0 2 in the fiue gases of about 1.3%, additional 

air was introduced after the cyclone outJet in the cases of 0 2 = 3.5% and 2% to 

avoid excessive CO levels in the flue gases. The experimental conditions in ea.ch case 

are summarized in Table 4. 

Table 4 Experimental conditions 

Test No Bed 02 in flue Additional Limeston e 
temperature gases from air in bed 

o c the bed, % 

lat> 850 5 No No 

!b 850 3.5 No No 

le 850 3.5 Yes No 

Id 850 2 Yes No 

2a 900 5 No No 

2b 900 3.5 Yes No 

2c 900 2 Yes No 

32l 800 5 No No 

4a 850 5 No Yes 

4b 850 2 Yes Yes 

5a 900 5 No Yes 

5b 900 2 Yes Yes 

Il Three runs w er e made at t hese conditions. , 
Boiler load about 5 MW, i.e. low load. 

On e set of gas analysers 1 including the N 20 analyser, was connected to a pro be in the 

stack (alter the baghouse filter). The other analyser set was connected to a 

water-cooled probe placed just before the gas injection points. The N20 analyser was 

switched over to this pro be d urin g the last part of each test, to determine N 20 

concentration from the combustor. Both probes were equipped with heated ceramic 

filters. Downstream of the filters the gas was led through Tellon tu bes to a 

refrigerator, a pump and paper filters. 
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The Spectran 647 N20 analyser is known to have a certa.in cross-sensitivity to 

methane (Hulgaard et a.!., 1989). Since presence of methane in the cyclone inlet and 

in the stack gases at low excess-air ratios could not be excluded, gas samples were 

taken in Terliar bags for subsequent analysis with gas chrornatogra.pby. When signiii

can t methane contents were found, the analyser readings were corrected according to 

Hulgaard et al. (1989) All gas concentrations measured and given in the diagrams 

and in the text are converted to those of fl u e ga.ses containing 6% 02 ( dry gas) by 

rueans of the local 02 concentrations. 



3 RESULTS 

N,O emissions 

In Fig.3 the N20 emissions areshownasa function of eyelene inlet temperature for 

different injection fuel ratios. The inlet temperature is normally about 5°C lower 

than the bed top temperat me, bu t this temperature difference is small. The t wo 

temperatures represent the two levels ehosen for the 8 MW cases quite weil. It is 

seen in Fig.3 that the temperature level of the combustion chamber has a strong 

influence on the N20 emission. 
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150 
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x 

02 = 5% 
x--x without gaB 

•---- 7% gu 
·--+ 12% gll!l 
•--• 16% gas 

-<> 100 
" • • 

-o 
~ 

50 
• 
•• • 

x 

• 
• 

o L_ ____ ~ _ _.::.• __ ~------' 

750 850 950 1050 

Cyclone inlet temp., ·c 

Fig.3 N20 emissions vs eyelene inlet temperature, 02 ~ 5%. 

lO 

In the following, the results are generally shown as a function of eyelene outlet 

temperature. The outJet temperature corresponding to a given inlet tempera.ture, i.e. 

bed temperature, is determined by the net effect of heat loss to the cyclone walls and 

the heat released by gas injection, i.e. the injection fuel ratio. Depending on 

operating conditions, the heat loss earresponds to a temperature decrease of 

50-lOQOC. Assuming an adiabatic cyclone, a given cyclone outlet temperature would 

have been reached for an injection fuel ra.tio of about 5% units lower. 
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In Figs 4 and 5 the N 20 emissions areshownasa func6on of cyclone outJet 

temperat me. 

12 

The point farthest to the left in each series represents the base value for the case 

without gas injection. I t can be seen that gas injection reduces the N 20 emission 

signiflcantly under all operating conditions. For an increase in cyclone outlet 

temperature from SOOOC to 9QOOC the N20 emissions are reduced by about 100 ppm. 

Higher excess-ajr ratios give higher N20 levels, and higher bed temperatures give 

lower N20 levels. Com,equent.ly, the N20 emi:;sion at a given injection fuel ratio 

depends on these parameters. Typically, gas injection givinga eyelene outlet 

temperature of 940°C results in N 20 emissions below 30 pprn w hen the hoiler is 

operated at 5% 02, and belmv lO ppm w hen operating at 3.5% or 2% 02. 



100r---------------------------, 

Q 
o 

•n ..., 50 
" .g 
"" ... 
o 
N z 

• • 

02 = 5% 
+--+ BOO 'C, Jow lolld 

:~:--:z: asa ·c 
o--o fl50 'C, llm.e in bed 

•--• goo ·c 
•--• 900 ·c, lime in bed 

O L-----~--~~----~----~--~ 
o 5 10 15 20 25 

Injection fuel ratio, % 

Fig;.G N20 reduction vs injection fue! ratio, 0 2 ~ 5% 

100 • 
o~~ 
x 

!;{ ~/. Q- 02 = 3,5 or 2% 
o .,., +--• aso ·c, 3,5% 02 •n ..., 50 ~ no~ ~t.dded 

" ::J :z--:r: eso ·c, 3,5% 02 
'd o--o 850 ·c, 2::; 02 

"" ... •--• goo ·c, s,s:; 02 

o • •--e goo ·c, ax oz 
N &-e. eso ·c, a:; 02, z Ume in bed 

........__,., goo ·c, 2x 02, 
llttut in bed 

o 
o 5 10 15 20 25 

lnjection fuel ratio, % 

Fig. 7 N20 reduction vs injection fuel ratio, 0 2 ~ 3.5 and 2% 

13 



14 

In Figs 6 and 7 the relative reduction in N 20 emission is shown as a f unetian of 

injection fuel ratio (IFR). The emission leve! without gas injection in each series has 

been u sed as a base for the calculations. The influence of excess-air ra.tio is obvious 

also here. For IFR = 12%, the N20 reduction is about 60% in the cases with 5% 02, 
while in the cases with 3.5% or 2% 0 2 the reduction is about 90%. In contrast, the 

bed temperature seems not to influence the relative reduction. The curves of the 

Iines show that reduction of the last pprns of N 20 requires comparatively more gas to 

be injected. 

NO emissions 

In Figs 8 and 9 the corresponding NO emissions areshownasa function of cyclone 

outJet temperature. No increase in NO emissions is recorded under any operating 

conditions except in one case, which is dealt with below. Instead, slightly decreasing 

NO emissions are obtained w hen the temperature rises. This tendency is clearer at 

high bed temperatures. 
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As can be expected, the NO levels are higher at higher bed temperatures and higher 

at higher excess-air ratios. 

CO emissions 
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The CO emissions are shown in Figs lO and 11. The decrease in the CO 

concentration following gas injection is obvious except in t wo cases with low 

excess-air ratios: one case with 3.5% 02 without any additional air and one case with 

2% 02. In g~nera.i, however, injection fuel ratio~ of up to at lea.st 15% give Vl-'fY iow 

CO emissions. 
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SO 2 emissions 

Generally, the tests were carried out without any limestene in the bed material. The 

sulphur content of the coal yielded in such cases S0 2 levels of about 450 ppm. Four 

tests were run with limestorre added to the bed, with a feed rate corresponding to a 

mola.r ra.tio of Ca/S = 1.5. The S0 2 emissions in the cases with limestene addition 

are shown in Fig.12. 

Fig.l2 
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As expected, the desulphurization is significantly more efficient a.t a bed temperature 

of ssooc than at 9000C. In the first case there is no impact on desulphurization from 

gas injection. In the latter case some fluctuation of the S02 emissions is seen when 

the cyclone outJet temperature exceeds 940-95QOC. 
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4 DISCUSSION 

N,Q emissions 

The results show tha.t a considerable reduction of N 20 emissions can be accomplished 

with gas injection. Reduction ratios of about 60% are reached at IFR = 12% with 

the hoiler operating at 0 2 = 5%. This is in agreement with results from the earlier 

investiga.tion (Leckner and Gustavsson, 1991) as shown in Fig.l3. 

Fig.l3 
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N20 emissions vs eyelene outlet temperature, 02 ~ 5%. 
Camparisen between present results and previous work. 

It is interesting to note that in the earlier investiga.tion gas was injected in the 

cyclone, while in the present work injection took place in three burners, placed 

upstream of the cyclone. This means tha.t the gas injection is made at samewhat 

higher gas temperatures in the present work, and that the residence time before 

cooling of the gases is longer. This seems not to have any influence on the results. 

One should note, however, that the rnaxlmum IFR in the previous work was about 

11% and the comparison is limited to IFRs below this val u e. 
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The present work shows in a few ca.ses slightly scatt.ered emission ba.se va.lues (three 

cases at 850°C denoted x in the diagrams); this can be attributed to small 

differences in operating conditions from run to run. For example, a small difference 

in toptemperature of the bed eauses a significant change in N20 emissions. However, 

this does not disturb the interpretation of the results. 

The N20 emissions approach zero w hen the eyelene outlet temperature is about 

950-1000°C. The lower va.lue earresponds to low excess-air ratios. Figs 4 and 5 

show the influence of temperature, hut al so an influence of oxygen concentration. 

This can also be seen from a comparison between Figs 14 and 15, where N20 

emissions from Figs 4 and 5 are shownasa function of flue gas 0 2 concentration after 

gas injection. 
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Figs 14 and 15 and Figs 4 and .s illustrate the simulta.neous effec:t of temperature and 

stoichiometry which eauses the reduction in N20 as the injected fuel is burned in the 

eyelon e. 

For N20 reduction as a function of injection-fuel ra tio shown in Figs 6 and 7, it is 

clear that low oxygen concentration makes the gas injection more efficient. Already 

at IFR = 7% a reduction of about 60% is reached at low excess-ah ra.tios, V·lhile at 

02 = 5% the corresponding valne is a.bout 35%. The difference is evident over the 

IFR range investiga.ted. 

The reduction ratiosfrom Figs 6 and 7 show tha.t the reduction is 5~10% higher at a 

bed temperature of 900'C than at 850'C. This is valid for 0 2 = 5% and 3.5%. The 

9QQOC case at 0 2 = 2% is inconsistent with other results. Very low N20 emission 

values were recorded in this case, even 'vithout gas injection (14 ppm), which makes 

the measurements slightly less accurate. In addition, from temperature 

mea.surements it was deduced tha.t gas combustion took place very late in the cyclone 

outlet duct during these tests. 

NO emissions 

The NO emissions are very little influenced by gas injection. Slightly decreasing 

emissions for increasing cyclone outlet temperatures are found for cases with 5% 02 

and at 3.5% and 2% 02 with a bed temperature of 85QOC. For the case of 3.5% 02, 

900°C, significantly decreasing NO emissions were recorded, which ma.y be eaused by 

a slight 11 reburning11
• As diseossed above, the case with 2% 0 2 and 900°C devia.tes 

from the general trends: for !FR= 12% and !6% higher NO emissions are recorded 

than without gas injection and for IFR = 7%. The reason for this is not yet fully 

clear. 

In Figs 16 and 17 the NO emissions of Figs 8 and 9 are shownasa function of 

excess-air ratio after gas injection, indicating the influence of oxygen concentration as 

a consequence of the injection gas combustion. 
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In summary, NO emissions are quite unaffected by gas injection. No significant 

reduction results except in one case. On the other hand, gas injection does not cause 

NO emissions to increase under any of the conditlons investigated. 

CO emissions 

Generally, the CO emission decreases ,.,·hen gas is injected. Only in t wo cases at high 

IFR and Iow excess ratios were high CO levels recorded. In one of these ca.ses no air 

was added after the cyclone outlet; the other ca,se was 9QOOC, 2% 02, a.nd the high 

CO recorded was probably the consequence of the low oxygen concentration and an 

unsatisfactory mixing of oxygen and injection fuel. This means that, for all 

reasonable IFR ratios, low CO levels can be a.ttained and the gas injection has 

normally a positive effect on the CO emission. At low excess-air ratiossame 

a.dditional air is required after the cyclone. 

so, emissions 

Having confirmed tha.t gas injection does not influence NO emissions in a negative 

way, a possible impact on desulphurization has to be assessed. In this work four tests 

were run with limestorre addition to the bed. As can be seen from Fig.12, no negative 

effect was found at bed temperature 8500C, at 0 2 = 5% or at 0 2 = 2%. At a bed 

temperature of 900°C samewhat increased S0 2 emissions were recorded at high 

injection-fuel ratios. This indicates that S0 2 emission rates may be a Iimiting factor 

for the amount of gas that can be injected. However, the present resnits show tha.t 

N20 reductions of about 90% may be reached at low excess-air rat.ios, without 

desulphurization being significantly affected. 

Since the data are limited, i t is necessary to investigate the sulphur capture more 

thoroughly. A coal with a higher sulphur content should be used in a future 

investigation. This also implies higher amounts of lime from which S02 might be 

released. The usefulness of the gas injection process is heavily dependent on its 

impact on desulphurization. 
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Homogeneons contra heterogenMus N,O chf'mistrv 

The combustion gases in which the gas injection took place are hea.vily particle-laden 

since they are upstream of the cyclone. This means that it is possible that 

heterogeneons reactions play a part in the N20 destruction process. From the present 

work, however, i t is not possible to dra w any conclusions in this respect. A possible 

way of gaining knowledge would be to make use of kinetic modelling, including 

heterogeneons chemistry at FBC conditions. 

5 CONCLUSIONS 

Gas injection has been shown to be a convenlent wa.y of reducing N 20 emissions from 

fluidized bed combustion. Reduction ra.tios between 60% and 95% are attained at 

injection-fuel ratios of 12%, depending on excess-air ratios. The efficiency of gas 

injection is significantly higher at low excess-air ratios, and slightly higher at higher 

bed temperatures. 

No negative impact on NO emissions have been observed. On the other hand, no 

significant NO reduction was observed, except maybe at high bed temperatures 

combined with low excess-air ratios. The CO emissions are in general lowered by gas 

injection. 

Under normal operating conditions the 80 2 emission is unaffected. At high bed 

temperature combined with a high injection fuel ratio, indications of a samewhat 

increasing 80 2 emission are found. This needs to be further investigated. 

The relative importance of homogeneons and heterogeneons processes invalving N 20, 

and the influence of gas injection onthese processes, is not fully understood. Progress 

can be made in this respect through kinetic modelling efforts, including heterogeneons 

chemistry. This may lead to optimization of the gas injection process. 
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