
Korean o r. Chem. Eng., 19(2), 324-330 (2002) 

The Characteristics of Co-Incineration of Dewatered Sludge, Waste Oil 
Waste Solvent in Commercial-Scale Fluidized Bed Incinerator 

Jae-Hoi Gu, Woon-Ha Yeo*, Yong-Chil Seo **t, Sang-Hoon Lee*** and Jea-Keun Lee . . . .  

Institute for Advanced Engineering (IAE), Kyungki 449-860, Korea 
*Jindo Corporation, SeouI 153-023, Korea 

**Dept. of Environ. Eng., Yorxsei University, Kangwon 220-710, Korea 
***School of Civil, Urban and Geosystem Eng., SeouI National University, Seoul 151-742, Korea 

****Dept. of Environ. Eng,  Pukyong National Univm~ity, Busan 608-737, Korea 
(Received 5 March  2001 �9 accepted 29 October 2001) 

and 

Abstract-A commercial-scale Fluidized Bed Incinerator (FBI), which has a capacity of 60 tons per day to treat de- 
watered sludge and waste oil or solvent, was developed as one of the govenlmental R&D projects from 1990 to 1997. 
From the design, cons~uction and operation of the plant, the characteristics of co-combustion and appropriate operating 
conditioi~s with successful fly ash reeirculation and with effluent controls have been investigated Without adding any 
bed materials, sand, the co-incineration of sludge and spent-solvent can be achieved. The sludge combustion steps could 
be obseI~red and COllfilaned, wt~ch coi~sist of evaporation, agglome, atioi~, devolatilization, combustion and attrition. 
The plant can also incinerate various types of sludge from wastewater treatment facilities with waste oil or solvent. 

Key words: Fluidized Bed Incinerator, Incineratioi~, Sludge, Waste Oil, Waste Solvent 

INTRODUCTION 

In 1997, domestic generation of sludge was about 7,000,(XX) tons/ 
day in Korea and has increased since then. Most domestic sludge 
has been treated by landfill or ocean dumping. However, direct land- 
fill of sludge was forbidden by law in 2001, and ocean d~nping is 
to be reduced Therefore, appropriate sludge trea~nent means are 
needed. Various domestic companies have developed technologies 
of sludge incineratioil, drying, recycling and melting. Incineration 
increases the stability of the final waste by converang orgarnc ma- 
terials in the sluclge into gas leaving behind a very small amount of 
stable inorganic residue [U. S. EP& 1985]. In tile U. S. the com- 
bustion of sludge from mvmcapal wastewater ~xeatment facilities 
has been done by two main technologies: fluidized bed and multi- 
pie hearth bed reactors. Worldwide, the recent trend is to cons~uct 
more fluiclized bed incinerato~ and to develop new methods to han- 
dle sludge such as RDF (Refuse Derived Fuel), composfing, gasifi- 
cation, and so on [Albertson, 1992]. Even in Korea there have been 
many investigatiorxs for developing a tx-opea - fluiclized bed technol- 
ogy to incinerate sludge from tile b e g ~  of the 15~90s [Seo et 
al., 1992; Lee et al., 1994; Park, 1994; Won et aI., 1997; Ch~mg et 
al., 1998]. Because of high moisture content in tile sludge, a dryer 
or auxiliary fuel is used in the sludge incineration. The fluidized 
bed types of sludge incineratoi~ have tile most merit, such as small 
scale, high stability of operation and indneration efficiency, capa- 
bility of co-incineration, and low emission concerllration ~Lee et 
al., 1990, 1992; Chun et al., 1997; Chu, 15;99; Jang et al., 2001]. 
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Since there is a capability of co-incineration in fluidized bed incin- 
erators, much utilization of co-incineration has been made. It can 
be used to substitute coal after this technology was used to bum 
cod oliginalIy in 1950s [Yaverba~n, 1977], to tx-ovide an improved 
option for com~entional ccxaI-fired combustion systems, that is, since 
it has been the capability of b~aing m a w  types and grades of fuel 
togethea- including inunicipal sluclge and refuse, indus~-ial and agri- 
cult~aal cellulosic waste materials, as well as waste oil or even pe- 
troleval~ fi-actions. In adclitiorg waste oil generated at 200,000 tons/ 
day can be used as auxiliary fueI. Then there are some research and 
basic studies made for co-incineration [Kim, 1997]. Since 1990, 
the technology of fluidized bed incineration to treat sludge by co- 
incineration with waste oil and solvent has been developed, and 
the design, construction and test operation of the plant was com- 
pleted in 1998. In ttgs paper, design outlines and opea-ational charac- 
teristics of the commercial scale fluidized bed incinerator to treat 
60 ton sludge/clay by co-incinerating with waste oil and solvent are 
Lrllxoduced [Kim, 1992, 1998]. And a potential possibility to reuse 
ash as bed materials in fluidized beds has been investigated, and 
some chm-acteristics of sludge combustion by observing tile bum- 
ing steps are also studied. The plant can ~xeat sludge from various 
wastewater treatment facilities with less effluent discharges. 

COMMERCIAL FLUIDIZED BED 
INCINERATOR (FBI) 

The FBI syste~l~ with a capacity of 60 tons of sludge per day con- 
sists of storage, supply, incineration, waste heat recovery, flue gas 
treatment, ash Ireatment, ventilation, water supply and dram facili- 
ties [Kim, 1998; @u et al., 2000]. 
1. Waste Stol-age and Supply Facility 

A waste storage facility consists of a sludge pit and waste oil & 
waste solvent tank. A waste supply facility consists of piston pump 
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and mono pua-np. The supply system of waste oil and waste solvent 
includes three different types of spraying nozzles according to spray 
degree determined by viscosity so that liquid waste is easily sup- 
plied regardless of property changes. There is a direct spray fi-om 
storage tank to fluidized bed, a spray to fluidized bed aider feeding 
to service tank and heat a-acing by steam, and a spray to the fluidized 
bed aider feeding to piston pump hopper and mixing with sludge. 
2. Incinerator and Waste Heat Recovery Facility 

The incinerator has a tuyere type air dishibutor using a water- 
cooled dispersion disc and a bottom ignition burner. Fly ash col- 
lected at the enb'ance of waste heat boiler is recycled to the fluiclized 
bed. The auto-ignition system ks composed of a burner and a pre- 
combustc~: An inclirect heating method using a bottom txeheafing 
burner with precombustor is utilized 5: order to recover waste heat 
fi-om flue gas, a waste heat boiler and air preheater are installed. 
Steam production of the waste heat boiler is 2.5 ton/N (+0.5), and 
the steam pressure is 7 k~cm2G. A two-stage air preheater system 
is designed to increase the efficiency of waste heat recovery, lviam 
combustion air preheated ft-(x: an air Ix-el:eater is it~-oduced into 
the wind box. The air preheater is connected to a secondary air duct 
so tJmt secondary air cat: be used as preheating air. 
3. Flue Gas Treatment Facility 

The flue gas Ireatment facility consists of an attemperator for gas 
temperature control, a lime reactor (dry scrubber) and a bag filter 
for dust collection. The attemperator is used to conh-oI conthustion 
air cooled in waste heat recovery facility to 180 ~ which is the 
operation tempera~-e of dry gas reactor and filtei: The attempera- 
tor is composed of two fluid nozzles and PID controller for micro- 
tempera~-e control. The Ik-ne reactor of duct type dry scmbbea- is 
~stalled for emission control of S Q  and HCI. The feed system of 
hydrated lime consists of a lime silo, lime feed blower, a lime feeder 

Table 1. Analytic results of waste and auxiliary fuel 

Parameters Operation condition 

Incineration rate (F) 
Wast e treat:::ent sludge cake 
Waste oil/Waste solvent 
(or Refinery oil for aux. fuel) 

50 tozv'day (• 10) 
5-10 ton/day 

Superficial gas velocity (U) 
Air to fuel ratio (m) 
Bed temperatm-e (Tb) 
FBI outlet tempera~re (To~) 
1st combustion air rate (Q]Qr) 

0.9-1.4 zrJsec 
1.4(• 

600-750 ~ 
850-950 ~ 

0.6-0.9 

and so or: The lime feeder has a flow rate controlIer which con- 
trols feed m-nount according to the incinerated amount of waste and 
its sulfur content. 
4. Combustion Air Supply Facility 

The con:bustion ah- supply facility is composed of pzimary and 
secondary air blowers. The design pressure of the primary air blower 
is 2,500 nm:Aq in consideration of pressure drop of orifice, air pre- 
heater, tuyere and flnidized bed height. The design flow rate is de- 
termined to feed sufficient combustion air without the secondary 
air blowei: The pz-hnary air blower is also used for the burner at the 
ignition of combustion air and at the beginning of burner ignition. 
The exhaust pressure of secondary air blower, which controls multi- 
step combustion, is maintained as 370 nm:Aq in consideration of 
pressure drop of orifice and duct. 
5. Ash Treatment Facility 

The ash treatment facility classifies the bag filter ash of fine dust 
and the ash produced fi-om waste heat boiler, air preheater and at- 

Table 2. Operation parameters and conditions in commercial scale FBI Plant (60 ton/day) 

HHV Proximate analysis (wet, wt%) 

Waste (db*) Volatile Fixed 
cal/g Moistm-e matter carbon 

Ultimate analysis (db ", wt%) 

Ash C H O N S Ash 

Sludge A 4627 86.84 10.04 1.61 1.51 44.30 4.88 31.36 7.50 0.49 11.47 

Sludge B 3260 79.72 12.82 1.76 5.70 30.50 3.98 33.66 3.05 0.70 28.11 
Sludge C 3974 91.75 5.64 0.44 2.16 35.40 4.38 35.09 3.70 0.58 20.85 

Sludge D 5501 85.29 10.65 0.80 3.26 47.00 5.51 23.58 1.10 0.65 22.16 

Sludge E 3989 82.01 11.78 1.91 4.30 36.40 4.24 28.21 6.58 0.65 23.90 
Sludge F 2496 76.18 15.11 0.57 8.14 23.50 4.47 9.01 3.08 1.15 58.77 

Sludge G 4165 91.64 6.27 0.36 1.72 35.60 4.31 32.36 6.50 0.66 20.57 

Sludge H 2981 84.05 9.78 1.16 5.00 28.40 3.50 31.98 4.45 0.32 31.35 
Sludge I 4445 72.00 22.85 0.71 4.44 40.60 5.39 33.88 3.90 0.37 15.86 

Sludge J 2814 66.67 18.61 1.47 13.24 

Sludge K 4678 56.8 - - 

Liquid waste and aux. fuel 

Waste HHV(db*) Moisture 
(or Aux. fuel) caI/g (%) 

Ultimate analysis (db*, wt%) 

C H O N S CI Ash 

Waste oil 11656 20 85.30 14.00 0.46 0.00 0.24 0.00 0.00 

Waste solvent 10271 90 78.00 12.00 3.00 0.00 0.00 5.00 2.00 

No. 2 oil 10200 0 85.00 14.10 0.30 0.10 0.50 0.00 0.00 

(*db: dry basis) 
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temp~atol, aid then tt~mspoxts, stores and Ireats all the ashes. The 
ash collected in fetmer step of bag fdter is used as r~v material of 
brick, and the bag filter ash is transported to the landfill site. 

OPERA T ION A L  CONDITIONS 

1. Chm'acterisllics of Waste and Auxiliary Fuel 
Table 1 shows the analytical t~ults of  waste said auxiliary fuel. 

Eleven kinds o f  sludge, sludge A~sludge K are used as described 
in Table 1, and properties and composition o f  waste oil and w~,ste 
solvent me analyzed by using tloper analytical methods. The mois- 
ture content varies fi~n 56 to 92% and the ash content ranges fi~n 
1.5 to 8.1% in weight [Kim, 1998; Gu et al., 2000]. 
2. Operation Conditions 

Table 2 shows a summaiy of operational conditions dtaing tea 
operation of the commercial FBI plant Liquid feeding ranges 5- 
10 tons/day and solid sludge feeds around 10 tons/day. The other 
test operational conditions are given in Table 2 [I~n,  1998; Gu et 
al., 2000]. 
3. Characteristics of  Bed Materials 

Generally, fresh sands with a diameter of 0.6-1.0 mm are used 
for FBI. The size distribution of  flesh sands used in this work is 
shown in Table 3.83.3% offlesh sands range fi-om 0.6 mm to 1.7 
mm [Kim, 1992, 1998; Gu et at, 2000]. 
4. Chm'acteristics of Hydi-ated Lhne for Air Pollution ConWol 
Devices 

The time reactor of dry system type for emission conlrol of SO~ 

Table 3. Size distl~ufion of bed material (sand) in the test oper- 
, l ion 

Mesh n(x Range Weight % 

>12 >1.70 mm 0.7 
20-12 0.85-1.70 mm 49.4 

30-20 0.60-0.85 mm 33.9 
40-30 0.425-0.600 tran 10.1 
50-40 0.300-0.425 iron 5.5 
70-50 0.212-0.300 tmn 0.4 

Total 100 

Table 4. Size distxa~ufion and composition of hydrated lime in the 
test operation 

Size distribution 

Mesh no. Opening size Content 
(Mm) (wt.%) Analysis method 

60-80 0.250-0.180 0.1 
80-140 0.180-0.106 0.2 

140-200 0.106-0.075 0.4 
200 -325 0.075 -0.045 0.4 

325 under 0.045 under 98.9 

Total 100.0 

KSF 3501-95 

Compound analysis 

Compound Content (Wt%) Analysis method 

CaO 69.10 KSL 9004-92 
MgO 1.35 KSL 9004-92(ICP) 

Total 70.45 

and HC1 produced by incineration of the sludge is used. Table 4 
shows the characteristics ofhych~ed lime used for the lime reac- 
tor 98.9% of the hydrated lime is below" 325 mesh (45 ~tm), and 
CaD content is 69.1% [Kin, 1998; Gu et a~, 2000; Kim and Gu, 
1994]. 

RESULTS OF TEST OPERATION IN 
C O M M E R C I A L  FBI 

1. Chm'acterisfics of  Bed Pressure Drop 
When wastewater sludge with high moisture content and low 

ash content is incitm-ated, the usability of  fly ash as bed materials 
offluidized bed without additional offi~esh sand is investigated. In 
case of incincaating the mixture o f  various sludges with waste sol- 
vent except forB, F and J, of whidl moisture content is low and 
ash content is high, w, wiations of  bed pressure drop with operation 
time for connnercial ~ I  operation with recycle of  fly ash (a) mid 
for connnercial ~ I  and pilot plants without recycle of  fly ash (b, 
c) mR shown in Fig. 2. Fig. 2(a) and Fig. 2(b) show that bed pres- 

, "Tr, 

~ -I~ - L  b 
t 4 ~  

Fig. 1. Flow diagrmn of 60 ton/day fluidized bed incinerator system. 
1. Sludge pit 5. Secondary air fan 
2. Crane 6. Fluidized bed incinerator 
3. Sludge service hopper 7. Waste heat boiler 
4. Piston pump 8. Air preheater 
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9. Primary air blower 
10. Attemperator 
11. Lime silo 
12. Lime reactor 

13. Bag filter 
14. ID fan 
15. Stack 
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Fig. 2. Variation of bed pressure drop with regard to the operation thne.  

sure drop decreases with increasing operation time regardless of 
recycle of fly ash. Therefore, it is found that the amount of the re- 
cycled ash is not sufficient to maintain the proper bed height with- 
out adcling fresh sand as bed material for both cases. Howevei; by 
compaison of bed pressure drop with time, in case of recycle of 
fly ash, the time to decrease up to a certain pressure drop that is re- 
quired is four N-nes more than that for no recycle of fly asia. In (c) 
of Fig. 2, which is the result fi-om the operation of a pilot plmlt, be- 
cause ash content is higher than that in the commercial operation 
and residence N-he is sutlicient, it is enough to maintain the bed txes - 
sure. From such results it is found that the ash is usable as bed ma- 

t~4_aI m a fluidized bed. 
2. Effect of Fly A s h  Recirculat ion 

Fig. 3 shows incineration rate for cozranercial FBI operation with 
recycle of fly ash and without recycle of fly ash. Recycle of fly ash 
increased 40% of indne~-ation rate. It means that recycle of fly ash 
leads to increase of gas flow rate m flee board. Consequently, the 
size of the incinerator could be smaller, and heat loading could be 
increased by recycle of fly ash. 
3. C o m b u s t i o n  Behav ior  of S ludge  Clusters  

Combustion procedure of sludge cake in a fluiclized bed incinea- 
ator has been observed Combustion steps of sludge are invesbgated 
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Fig. 3. The results of incineration rate with or without fly ash recycle. 

110 

.~ 9o 
O 

70 

3O ; i ~ l l  $ 

- 1 3 5 7 9 

Opera, on Ra~, day 

ISludge �9 W.Oil A W.Sol • total I 

b) without fly ash recycle in 60 TPD FBI 

Korean J. Chem. Eng.(Vol. 19, No. 2) 



1000 @ 
sludge dr�9 dD agglomerate fused agglomerate 

. - ' ~ , ,  " ~ .  " -  "'Xr162 

[ ' ~ . ~ "  volatile evolution 

. ; . . . .  . 

fragimcntation and �9 ~ , . , ~  t "" I~ .~ ' . ,  
rotation dur ins  �9 " , ". 

-- # ' . ~ t ' ~ ' ' t t  t ~ 0 .L. "" 
de~,olatiliTation " o . �9 . '  , ."o. ' i  

�9 . �9 . . . ; . ~  ; . . . : .  

f r a g m e n t a t i o n  : - ; ~ ' ~ . ~ ;  ". 

during ch,'u burn-out "-~. "'.. :: . " 
char burn out and 

ash shcdding 

Fig. 4. Conceptual diagram of combustion steps for sludge cluster 

O 

o 
fl) 
O. 
E 
(D 

900 

800 

700 

600 

328 J.-H. Gu et al. 

5OO 

4 0 0  ' ~ ' ' ' ' 

0 1 2 3 4 5 6 7 

H e i g h t  o f  i n c i n e r a t o r ,  m 

Fig. 6. Axial temperature prof'flcs with the variation of sludge t31~e. 
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Fig. 5. Pictm'e of sludge cluster combustion steps in 60 TPD FBI. 

by sampling materials in the bed from the drain during incineralioi1 
Fig. 4 shows combustion steps of sludge as the same as those m 
combustion of C"vVM (Coal Water lVlixtLtre). Fig. 5 shows sludge 
samples in 60 TPD FBI during incinelation of the mixture of sludge 
and waste solvent (or waste oil). As a sludge cluster enters into a 
fluldized bed incineratoL it is heated and mois~-e is evaporated 
Then, agglomeration of particles is proceeded by strface forces as 
other investigator suggested [Ohman, 1997]�9 In case of above 750 
~ of duster surface temt:er~uze, the cluster is not only divided by 
devolafilizafion and combustion of volatile matter, but changed to 
free ashes according to attrition by bed materials as shown in Figs�9 
4 and 5 [Gu, 1994]. 
4. Incineration Characteristics in 60 TPD FBI  

Operation data such as vertical temperature dis~-ibution at the 
incinerator and concen~iations of SQ,  HCI and ~iace heavy metals 
in flue gas emitted fi-om stack could be obtained dLtring commer- 
cial ot:eration. Results measured twice a re�9 for 24 month of op- 
erating Nne have been recorded. Fig. 6 shows vertical temperature 
dis~-ibutioils in the incinerator for various ~ l d s  of sludge. Fig. 7 
shows S Q a l d  HCI concei~-ations emitted from stack. Fig. 8 shows 
concen~iafions of ~iace heavy metals such as Cr, Hg, Cu, Pb and 
Cd at the stack. As shown in Fig. 6, in case of sludge I, for which 
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Operation t ime, m o n t h  

Fig. 7. Variation of SO2 and HCI emission with regard to the op- 
elation time. 

heating value is high and moisture content is low, it can be inciner- 
ated without mixing waste oil and waste solvent. As a result, the 
incinerator can be operated at about 860 ~ m stable state by the 
combustion of combustible matter in sludge. Since most of the other 
sludges besides sludge I have high moisture content and low heat 
capacity, it is very difficult to operate continuously without co-in- 
cineration with auxiliary fuel such as waste oil or waste solvent. 
As a result, the temperature at the flee board of the incinerator is 
maintained about 950 ~ From Fig. 7, S Q  emission is lower than 
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Fig. 8. Trace hea~, metal emission as a function of operation time. 
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Fig. 9. Incineration rate of 60TPD FBI during 14 months. 

175 ppm during operation peciod, and HCI emission is about 40 
ppm at the begitming, but the concentration becomes lower t i m  5 
ppm after 15 months. As shown in Fig. 8, the emission of heavy 
metals (CI; Hg, Ca, Pb, Cd) at the stack is lower tl~n tiae regv.Ia, 
tory level. Although Pb content in sludge is a little bit high, it can 
be controlled by incineration process and flue gas tre~aent sys- 
tem. The results of IeactmN test of such heavy metals in ashes were 
very low and not detected. 
5. Characteristics of Incineration Pate during 14 Months 

Eleven kinds of dewatered sludges are incinerated with waste 
oil and waste solvent in the FBI plant_ Fig. 9 shows incineration 
rate data acquired fi-om continuous operation during 14 monti~s. 
As shown in Fig. 9, average incineration rate of sludge ranges fi-om 
40 tons/clay to 70 toz~s/day; FBI is operated in tiae zone of turn up/ 
turn do~xrn. It can be explained in ten, as of the effect of mois~-e 
content m the bed and heating value of sludges on the capacity of 
FBI. In case of waste oil and waste solvent, a combustion zone fon~as 
in the top because of high volatile malter content, and effect of mois- 
ture content is high. In addition, high viscosity waste oil shows pro - 
per combustion characteristics accorclmg to mixing with sludge on 
feeding Ime. 

CONCLUSION 

A pilot plant of FBI for sludge treahnent has been developed by 
the company since 1990 and a commercial scale plant with a ca- 
pacity of 60 tons/day was completed in 1998. The plant has been 
in commercial operation since then. and it has been up~-aded in 
design and installation by a continuous trial operatiorL Also, the 
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trial operation data was fedback to the design factor so as to mini- 
mize Irouble and the plant has been in successful Ol:erafion for more 
t i m  2 yem~. From the operation results of the commercial FBI, the 
following conclusions can be derived. 

1. The recycling of fly asia could be used instead of flesh sand 
adj~tstment for some sludges having enough ash content. Also, the 
recycling of asia results in the ina-ease of incineration capacity be- 
cause of higher heating load and gas flow rate in the free board. 

2. The combustion steps of sludge are similar to those of CWIvl, 
which consist of evaporation, agglomeration, devolatilization, com- 
bustion and attrition to become fine ash. 

3. The incineration for all the tested sludges could be success- 
fully Ol:erated, either mixing with waste oil mad solvent or not at a 
designed capacity of 40 to 70 tons/day, when the flue gas emission 
is under regulatory limits. 
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