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JNTRODUCTION 

sydvästra Skånes Avfallsaktiobolag (SYSAV) operates a waste-to-energy plant in Malmö, 

Sweden, with two grate-fired incinerator units, incinerating 220,000 tonslyear of munici

pal and industrial waste. In the hoilers approximateJy 500 GWh of thermal energy is 

recovered and supplied to Malmö' s district heating network. The two fumaces have since 

1991 been equipped with a SNCR system injecting urea in order to reduce emissions of 

nitrogen oxides (NOJ. 

The design of the fumace and hoiler is shown in figure l, and a flow scheme of the plant 

is shown in appendix l. 

During 1992 a full-seale testing of "reburning" with natural gas in one of the units was 

performed as an alternative to the urea injection. The aim of the project was to demoostra

te a NOx reduction of at least 50% from the baseline level of 350 mg/nm3 to less than 175 

mg/nm3 (nm3 rueans standard dry gas corrected to 10% C02). 

With natural gas equal to 20% of the calorific fuel input, the goal was achieved, the short 

tests showing 160 mg/nm3 of nitrogen oxides corresponding to an emission of 75 mg/MJ 

heat input (waste and natural gas). For further details see ref. 1. 

Based on observations during the reburning tests and results reported by others (ref. 2,3), 

it was decided in 1993 to transfer the gas injection to a lower position in the furnace 

towards higher temperatures. The injection of natural gas tagether with recirculated flue 

gas was located just above the grate, and it was possible to combine this with UREA 

injection in the furnace. 

The aim of the introductory trial was to make a broad search for favourable operating 

conditions characterized by stable combustion with a reasonable levet of CO emissions and 

a high NO reduction. The trial did not inc1ude a structured and weil documented multiple 

factor test as would be recommended for a full-seale demonstration. 

The ultirnate goal was to establish a range of parameters for which a full-seale demonstra

tion could be planned showing at least 75% NOx reduction in relation to the baseline level 

of 168 mg/MJ before any measures were taken to reduce the NOx (NOx as N02 divided by 

input fuel heat). 

The in troductory trial was decided on and funded by SYSA V and Nordie Gas Technology 

Centre. 
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The construction and installation took place during the revision in the summer 1993, and 

the introductory full-seale trial was performed in November 1993. 

INSTALLA TJONS 

Waste (MSW) is sopplied by a pusher above the grate, and primary air is sopplied under 

the grate (G). 

The furnace was already equipped for natural gas rebuming as weil as for Urea injection 

before the trial, so all necessary injection ports were available, including three rows of 

nozzles for secondary air at different elevations, Upper, Middle and Lower (U,M and L) 

both in the Front wall, (F) and in the Back wall (B). See figure 2, fumace installations. 

The original secondary air nozzles are Lower Back wall Nozzles (LBN) and Lower Front 

wall Nozzles (LFN). Each of these rows consists of 14 nozzles 0 50 mm. In the LB row 

every seeond nozzle inclined differently from the first contributing to a better mixing in 

the zone above the grate. Two nozzles are shut off. 

For this trial the LBN are sopplied by a separate Flue Gas Recirculation (FGR) fan, and 

based on experience gained during the rebuming tests, the FGR is branched off after the 

lime injection and the fabric filter, and ducted back in order to avoid blocking of nozzles 

and malfunction of the flow sensors. 

Alternative! y, the FGR fan can take air from the outside controlied by a damper. 

Injection of natural gas tak:es place in the FGR pipe in front of the LB hearler secoring a 

good mixing before injection. The FGR is carrying the small volorne of gas, and is 

responsible for rendering the morneotum necessary to penetrate the combustion zone and 

perform the mixing. 

Unfortunately, the FOR fan was limited in capacity and only 5% FGR could be recirculat

ed through LBN. This is considerably lessthan the amount reported from Olmsted (ref. 

2), where 8 - 10% FGR was applied. The FGR flow is less than half the amount of 

secondary alr normally injected through the LBN and hardly sufficient to reach the other 

side of the furnace. 
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During most of the cases studied, the operator found it necessary to inject secondary air 

through the LFN in order to avoid CO peaks. This injection of air opposite the gas and 

FGR injection forther reduces the effect of the gas. 

The residence time in the reducing zone below the MBN and the LFN is limited by the 

furnace design to only l second, whereas 2 seeonds would be preferable. 

The air nozzles in rows M and U, both Front and Back, consist of 6 (5) nozzles of O 50 

mm. 

Urea can be injected through a tiny pipe 0 17 mm with a nozzle at the tip, iostalled along 

the axis of each air nozzle in the rows UF, UB and MB. 

Temperature measurements are recorded in three positions, at the front wall T1 , at the 

back wall T2 and at the top of the fumace T1 , after the wing walls (convective surfaces 

hanging from the top of the furnace). 

The basic automatic plant control is very simple. The oxygen content of the tlue gas is 

specifled by the operator and so is the air supply to the furnace (primary and secondary) 

which otherwise remains constant. These settings in tum determine the feed rate of waste. 

The control system activates the MSW pusher to reduce the oxygen content if too high, 

and stops pusbing waste on to the grate if the oxygen content is too Jow. 

When natural gas is sopplied tagether with the FGR, the amount of waste is automatically 

reduced by the control system, which is campensating for the reduction in oxygen eaused 

by the gas, by reducing the feed rate of waste. 

The control system records all sensor values every three minutes, and calculated values 

like heat productian and stoichiometry are displayed on screens and recorded as weiL This 

assists the operator in setting the tlow rates for the different cases to be studied. 

TEST RUNS AND RESULTS 

The trials were performed from 29 October to 4 November 1993. Different operating 

conditions were tried, including operation with different Urea injection schemes, different 

gas rates, combinations of these as weil as operation without reduction means. 
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At SYSA V the Urea injection system is iostalled at several locations and elevations, so i t 

is possible to select the best position with respect to temperature and efficient mixing. In 

general the measurements show that the NO reduction depends heavily on the Urea 

injection rate and an increased reduction is found by increased molar ratio figure 3. The 

molar ratio used in this report is defined: Urea mo1!(2 ·NO mol), where the NO mol is 

a1ways the baseline va1ue. It should be noted therefore, that the actual molar ratio 

is always higher than the figure indicated, when the test is run with reduced NO. 

No attempt is made to correct the injection scheme during the individual tests to follow 

the fast temperature fluctuations during operation. The distribution of Urea was however 

changed from case to case between the different locations, so the effect of this is included 

in the experiments. 

Injection of reducing agents in order to reduce the NO emission is generally known to 

cause other emissions. In the case of Urea injection, ammania slip and formation of 

Nitrous oxide (N20), a severe and Iong lasting greenhouse gas, can be expected. 

Pilot scale studies carried out at a coal fired powerplant in Denmark (ref. 4) showed 

significant ammania slip and maximum nitrous oxide formation only 50 oc below 

optimum NO reduction temperature. 

Ammania slip is orre of the parameters rneasured and recorded in this trial, whereas 

nitrous oxide is not monitored. It should be noted that the measurernent takes place before 

the lime injection and flue gas cleaning, and since most of the ammania is captured 

tagether with the lime and the flyash on the fabric filter, the stack values are considerably 

lower than the measurements shown. 

Over the past years of operation with urea injection, the ammonia slip through the stack 

has not exceeded the limit of lO mg/nm\ and no restrictions are in force with respect to 

the flyash, which is left in a deposit. Still the ammonia slip is of concem, because other 

plants are operating under lower limits, and they use different cleaning systems. 

18 test cases have been selected for evaluatlon and commenting. The selection was made 

in away, so as many different operating conditlons as possible were documented. The 

requirernent was, that each condition was considered stable and representative. Typically 

each case has a duration of 30 minutes after a period of stabilization, and this gives 

around lO measurements of all parameters. 
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In tables 1.1 and 1.2 the mean values of the most interesting parameters are shown for all 

18 cases. 

In the following the cases are characterized and commented. 

Cases 6-7: GAS =0. UREA =0. 

The load is high (106%), thermal output is 34 MW. 0 2 is normal 6.5-7%, the secondary 

air is staged and air is supplied to LBN by the recirculation fan. The NOll emissions are 

175 and 161 mg/MJ. This represents a reduction of 20% compared to the baseline value 

of 168 mg/MJ at 28 MW, and confirms the observations made during the rebuming 

program me, where the staging of the secondary air was found to reduce the NOll emis

sions. The comparison includes the relation between NOx emissions and thermal load 

found in ref. l, where a NOx reduction of 10 mg/nm3 per MW from 34 MW to 26 MW 

was reported. This equals 5 mg/MJ per MW. 

Cases 5-8-9-10: GAS-4-8 MW. UREA-Q, 

The gas input is changed between the cases. The lowest NOx emission is 144 mg/MJ, a 

reduction of 14% is found in case 9 using 6 MW gas, 15% of the thermal input. 

Values close to baseline values are found in cases 5 and 10, where SRa > 1.0 and SR1 > 
0.9, and in case 8 where the gas input is only 4 MW. The mean value of these cases is 

155 mg/MJ, a reduction of 8%. 

Cases 1-3: GAS-0, UREA molar ratio-1.1*. 

*) The molarratio is defined and explained in page 5: Urea mol/(2*NO mol baseline 

value) 

Only Urea is applied in these cases. The thermal load is below average, and very low in 

case 1 with a thermal output of on! y 23 MW. This is known to reduce the NOx emission 

considerably (see ref. l) and above. 

The NOx emissions are 71 and 90 mg/MJ, a reduction of 57% and 46% in the two cases. 

Cases 2-4-11-12-13-16: GAS-6 MW, UREA molar ratio-1.0-l.L 

All these cases combine gas injection and Urea injection. The parameter variation between 

the cases is limited. 

The mean value of the NOx emissions is 74 mg/MJ, a reduction of 56%. 

6 



For some reason, which cannot be explained by the operational parameters, case 11 has a 

significantly higher NOx emission than the other cases, 94 mg/MI compared to the mean 

value of 74 mg/MJ. 

Case 2 has a significantly lower NOx emission of only 56 mg/MJ equal to a 67% reduc

tion which is not clearly explained by the measured parameters. The stoichiometry is high 

which is unfavorable to a reduction by the gas injection. The furnace temperature T1 is 

low, 952 <IC compared to a mean value in the remaining cases of 1026 oc. This difference 

of 74 oc could be important, but a similar reduction efficiency is not found in case 3 

which operates at the same low temperature bot without gas injection. 

Cases 14-15: GAS=6 MW. UREA molar ratio=0.7-0.9. 

The Urea molarratio is lower than in the 6 cases above hut otherwise similar. The NOx 

emission is 93 mg/MJ, a reduction of 45%, somewhat lower than above, as could be 

expected because of the lower molar ratio. 

Cases 17-18: GAS-6 MW, UREA molar ratio-1.5-1.6. 

These cases are characterized not on ly by the increased Urea molar ratio hut -al so by a 

different mode of operation by which the air injection in row LF opposite the gas injection 

is practically turned off leaving only cooling air for these nozzles. At the same time, the 

primary air is reduced resulting in a stoichiometry in the lower fumace significantly lower 

than during the other cases, S~ ~ 0.9 and SR1 < 0.8 

The NOx emissions are very low 59 mg/MJ and 43 mg/MJ representing reductions of 65% 

and 74%. There is a tendency to increased CO emission under these conditions. 

AMMONIA SLIP 

No ammonia slip can be detected during baseline operation and the same is true when gas 

and FGR are injected only. Ammonia slip is always found however, when Urea is 

applied. 

Figure 4, NOx-reduction and emissions of NH3 , N20 and CO versus temperature, usmg 

urea in a molarratio of 1.3, (ref. 4), shows a steep increase in ammonia slip at tempera

tures below 1000 oc close to the optimum NO reduction temperature. 

In all test cases diseossed above, the ammonia slip is found to be strongly correlated to 

the NO reduction, showing a steeply increased ammonia slip at low NO levels. This 
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earrelation is found not only between mean values in cases with similar operating 

conditions, but also within the data recorded during a single test, the three minute-values. 

In figures 5 and 6 the three minute-values of ammonia slip are plotted against the NO 

emission. 

In figure 5 two sets of cases with the same Urea injection can be compared, one without 

gas injection, cases l-3, and the other with injection of 6 MW gas, cases 4-12-13-16, 

omitting the less characteristic cases 2-11. 

As diseossed above, the gas slightly improves the NO reduction from 52% to 56%, 

whereas the ammania slip is reduced significantly by 45%. 

In figure 6, two sets of cases one with low and one with high Urea injection rate are 

shown. The gas injection rates are the same 6 MW, but the stoichiometry is significantly 

lower in cases 17-18. 

The low Urea injection rate in cases 14-15 together with the injection of gas show a fair 

reduction of NO of 45% at an insignificant levet of ammonia slip. 

The high Urea injection rate in cases 17-18 in combination with low stoichiometry gives 

the lowest NO emissions achieved, 65% to 74% reduction. The ammonia slip has 

increased by approximately 50% compared to the more moderate Urea injection rate in 

cases 1-3. 

CONCLUSIONS 

The trials have contirmed the efficient NOx reduction obtained by injecting urea in the 

right locations, hut at the same time an associated ammania slip was observed. The slip 

increases with increasing urea molar ratio and it varles over time for fixed molar ratio in 

close coupting to the NO reduction rate. Since the ammonia slip is considered a harmful 

emission, the importance of stating the slip when reporting on NO reduction rates must be 

emphasized. 

The effect of injecting natural gas and FGR alone is marginal, this is contradietory to 

results obtained in other projects (ref. 2), where 60% NO reduction was achieved. The 

explanation is believed to be insufficient penetration and mixing of the natural gas carried 

by the very limitedamount of FGR. The secondary air supplied through the LFN opposite 
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the gas injection in most of the cases forther reduces the penetration and the effect of the 

gas injection. The short residence time in the order of l seeond in the reducing Zone is 

another unfavourable limitation eaused by the furnace design. 

The cornbination of urea injection and gas injection showed a strong reduction in ammonia 

slip cornpared to urea injection alone. 

In the case of high urea molar ratio combined with low stoichiometry in the gas injection 

wne, a NO reduction of more than 70% was observed. The ammonia slip and the CO 

emissions were sornewhat increased. 

Although the results are encouraging in showing signiticant ammonia slip reductions, the 

NO reduction obtained by gas injection is not satisfactory. 

Before a full scale demonstration is performed with this unit, the operation with natural 

gas and FGR injection should be reevaluated and improved. 

In the course of this evaluatlon the following changes should be considered: 

• 

• 

• 

• 

The FGR capacity should be doubled for test purposes in order to improve the 

penetration and the mixing in the lower fumace. 

The LBN should be redirected slightly towards the grate to secure better penetra

tion of gas and FGR into the primary zone. 

The humout air capacity for the middle and upper levels should be increased so a 

better CO burnout can be obtained. 

The cold water cooled wall s starting just above the grate should be covered by 

refractory up to the levet of the MB and MF nozzles, in order to i nerease the 

temperature and smooth the temperature profiles in the lower furnace. 

Applying some of these rueans should make it possible to obtain results comparable to 

those of ref. 2, and a signitkant NO reduction in the order of 40-50% should be expected 

when applying only gas and FGR, compared to the baseline value. 

The objective of the demonstration project should be to combine gas and FGR injection 

over the grate and urea injection in the fumace, showing a NO reduction of more than 
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75% while maintaining a limited ammonia slip. This objective calls for a modest improve

ment compared to some of the cases reported here and should not be difficult to achieve, 

when the reduction by gas and FGR injection has been obtained. 
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INTROOUCTOAY FULL-SCALE TRIAL AT SYSAV 
SELECTED TES fCASES 

"""''"''-1 L UNI l \ GA~t: NU. l 1 l 21 31 41 5 l 61 71 81 9 

;GAS FUEL INPUT MW 0,0 6,0 0,0 5,6 6,0 0,0 0,0 4,0 6,0 
UREAmoiratio ureamoi/2*N0mol 1,1 1,1 1,1 1,1 0,0 0,0 0,0 0,0 0,0 
STOICHIOMETRYSRg • 0,82 1,15 0,91 1,00 1,03 0,83 0,75 0,93 0,97 
STOICHIOMETRYSR1 - 1,01 1,01 1,07 0,90 0,91 0,97 0,88 0,87 0,86 

OMETRYSR2 - 1,32 1,27 1,33 1,13 1,14 1,21 1,10 1,11 1,08 
IPRIMAAYAIR (G) nm3/h 19501 32155 29376 29645 31827 28879 29111 28941 27595 
(?ECONOARY AIR (LF) nm3/h 4725 4598 4655 4544 4623 4811 4808 4816 4734 1 

nrNtn t'+f 11~ ~~ 898 912 929 933 932 1285 fAIA(MFl -·· - ---

ISECONDAAY AIR (UF) nm3/h 4006 3294 2983 4382 3556 3359 3237 3233 3873 
FGR/SEC. AIR (LB) nm3/h 5544 3720 5934 3956 3405 5603 5663 3833 3673 
-l- - 02% (LB) vol.%wetgas 20,3 8,5 20,2 8,2 7,8 19,9 19,9 7,5 7,7 

SECONDARY AIR (MB nm3/h 3019 3612 3681 3584 3599 3693 3709 3703 2475 
SECONDARY AIR (UB nm3/h 1320 1655 1388 1637 1634 1664 1669 1663 1623 
e1 1 IC:GA._~ knm3/h wet oas 64 76 74 73 78 - -- --

OXlDE.asN02 mg/MJfuel 71 56 90 70 163 175 101 10..:: 144 
MW 23,4 29,5 29,0 31,9 33,0 32,2 36,6 32,3 31,7 

MSW FUEL!NPUT MW 28,9 32,0 37,1 34,2 35,5 40,2 44,7 36,1 33,2 
TEMPERATURET1 de . C 900 952 914 1065 986 980 1141 984 972 
TEMPERATURET2 deq. C 819 835 853 887 913 897 954 911 896 

TURETt deg. C 628 728 719 709 726 692 722 716 715 
l/h 39 46 45 44 o o o o o 

lu""''""; '"" l ni eol s•l BSI ol ol ol ol o 
UREAUF 1/h 39 46 43 O O O O 
UREA total 1/h 

~ 

..; 

~ 
.:: 

"' -



METER 
'UELINF 

UREA 

'iJ'N'iT--, c 
"MW 
l ureamol t 2*NO mol 

INTROOUCTORY FULL.SCALE TRIAL AT SYSAV 
SELECTED TEST CASES 

11 12 14 15 

...tETAY S~ • 1,09 1,01 0,98 0,98 1,00 0,98 1,01 0,90 O,l 
STOICHIOMETRY SA1 • 0,90 0,90 0,87 0,87 0,89 0,87 0,90 0,79 0,74 
STOICHIOMETRYSR2 - 1,14 1,13 1,09 1,08 1,12 1,10 1,14 0,95 n~ 

'(AIR (G) nm3/h 30125 30822 30083 30217 30706 30790 30789 26330 
ISECONOAAY AIR (LA nm3/h 4648 4658 4383 4322 4607 4597 4655 1315 995 
!SECONDAAY AIR {MF nm3/h 965 973 913 894 972 968 971 1362 1409 

(AIR {UF) nm3/h 4032 3905 6104 6536 4015 4197 4133 7555 7650 
P.u1 (Le nm3/h 3514 3675 3582 3614 3603 3604 3672 2704 2713 
)2% (LB) vol.% wet gas 7,8 7,8 7,8 7,8 8,0 7,8 8,0 8,1 8,0 

.RYAIR(MB) nm3/h 3697 3720 3521 ---------~_7:1 ___________ 372?_ 3698 3713 3626 3632 
ECONDARY AIR (UB) nm3/h 1759 1m 1556 1536 1646 1642 1583 1641 1647 
LUEGAS knm3/h wet gas 75 76 78 78 76 77 77 76 74 
l l u=r,Ag 02% voL% wet as 6,2 6,0 6,5 6,6 6,8 6,5 6,5 7,0 6,9 

3 GO ppm wet gas (02=0%) 62 99 98 117 83 154 198 287 383 
AMMONIA SUP mg/nm3 wet oas O 15 10 10 1 4 4 19 23 
NITRICOXIDE,asNO m /nm3w 02-0% 417 261 199 196 259 258 216 164 121 
NITR!C OX!DE, as N02 mg/MJ fuel 150 94 72 71 93 93 78 59 43 

-!,8 32,7 ,..,. , MW 32,0 32,8 33,2 33,4 33,4 34,0 '32, 
El, INPUT MW 31,9 34,9 35,5 35,7 35,4 36,1 34,9 34,5 33,7 

TURE T1 de . C 987 1016 1013 1035 1048 1066 1001 1063 1039 
TEMPERA TURE T2 deQ. C 899 899 932 935 941 932 899 901 855 
TEMPERATURETt deg. C 705 713 736 734 735 700 702 712 715 
UREA MB Vh O O O O O 56 123 79 O 
UREA (UB) l/h O O 60 60 122 103 61 O 82 
UREA UF Vh O 168 127 126 O O O 176 174 
UREA total Vh O 168 187 186 122 159 184 255 256 

"'· ~ 
:E ,;: 
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Appendix l 

FROM REFUSE TO DISTRICT HEATING 
SYSAV is responsible for was te management in 
South-West Scania Household and Industriall 
commercial waste is incinerated at Malmö 
Avfallsverk. The plant, which came inta operation 
in 1973, consists of two units.ln order to further 
reduce emissions the existing cleaning equip
ment was expanded to include aclvanced flue gas 
cleaning in 1981. Two years later additional hot 
water units were iostalled to i nerease energy yield 
tromwaste. 

Malmö Avfallsverk produces 500.000 MWh year1y 
tordistrict heating. This represents 25% of the 
total district heating load in the City of Malmö. 
Connected to the incinerator 
there are also a special fur
nace for cremation of dead 
animals, toxic waste, etc. and 
a gasfired hot water boiler 
utilizing landtill gas. 

d~~~f=o:::::':;:Jil!!~~ldrb~~, ~T~ippin~g~h=a=fl==::~ 
2 Receiving bunker 
3 Traveiii ng crane 
4 Feed shalt 
5 Operator cabin 
6 lncinerator furnace 

7 slagdischarge 
8 Hot water boiler 
9 Precollector 

10 Hot water 
ecnomizer 1 and 2 

11 Limesilo 

15 

13 

12 Reaeter 
13 Bag filter 
14 Fluegasfan 
15 Stack 
16 Dust silo 

TECHNICAL DATA 
Location: 

Latest permit: 

Operating 
Since: 
Extension: 

Capacity: 
Population in 
operation 
area: 
Incineration: 
Operating 
time: 
Weighing 
bridges: 
Bunker 
capacity. 
Travelling 
cranes: 
Incineration 
g rate: 

Spiliepen g. 
Phone (040) 93 64 55 

Ucence from Board for 
Environment Proteetian 
Sept 1986 

1973 (2 units) 
1981 (flue gas cleaning) 
1983(hot watereconomizer) 
2x14tonlh 

470,000 
220,000 ton/year 
8000 hffumace (Continuous 
three-shift operation) 

5Filntab 

11,000 m' 

3 x Aarhus, 1 x Kone 
Martin (reverse g rate) gross 
t hermaJ load 2 x 40 MW 

Boilers: 

Energy 
recovery: 
Energy yield: 
Slagashes: 

Fluegas 
cleaning: 
stack: 
Emissions: 

Incineration temp, approx. 
1000"C 
Wagner-Bira 2 x 32 MW 
Generator2 x 3.75 MW 
P ressure 16 atm, hot water 
temp. in 120•c, out 160•c, flue 
gas temp. after stack 140•c 
District healing, approx. 
500,000 MWhlyear 
2.4 MWhfton refuse 
Martin slag d ischarg e. Slag to 
sorti ng plant approx. 60,000 ton/ 
yeår .. Ashes to landtill approx. 
4,000 ton/year 
Precollector,lime reactor(dry 
system) and bag filter by Fläkt 
Concrete, 74 m high 
Dust 10 mg/nm• 
Hydrachieric acid 
150mg/nm• 
Mercury 0.005 mg/nm3 

Dioxines less,han 
0.1 nglnm3 

Sydvästra Skånes Avfallsaktiebolag 
Östergatan 30, S-211 22 Malmö, Sweden. lnt. tel. + 46·40 10 19 20 
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