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Abstract

Project Code: RDG4530004

Project Title: Thermochemical Conversion of Activated Sludge: Sludge to Oil

Investigators: V.Meeyool, S. Osuwanz, T. Rirksomboonz, P. Rangsunvigitz, J. Woothikanokkhan3, S. Krailasl, and
B. Kittiyanan2
1Faculty of Engineering, Mahanakorn University of Technology, ’The Petroleum and
Petrochemical Collage, Chulalongkorn University, 3Faculty of Energy and Materials, King

Mongkut’s University of Technology Thonburi

Email address: vissanu@mut.ac.th

Project Duration: December 2001-December 2004

The objective of this project is to develop and compile basic information about sewage sludge pyrolysis process.
The pyrolysis is an alternative technology for pollutant reduction and energy production. Sewage sludges collected
form 20 wastewater treatment plants were selected as represent samples of sludge in Thailand. The characteristics
of the sewage sludge were investigated by means of proximate analysis, ultimate analysis, and heavy metals
analysis. Kinetics studies were carried out using the thermogravimetric analysis. Pyrolyzed GC/MS was used to
identify the pyrolysis products. Heating value of bio-oil and iodine number of char were also evaluated.

The results showed that the sludge proximate analysis can be used as an intrinsic information for preliminary
evaluation of the pyrolysis process. The feasibility study of the pyrolysis process with the site of 300 kg.day-1
showed that the project is very attractive for the investment since the rate of the return is rather high (ca. 24%) and

the break-even point is reached within 5 years.

Keyword: Pyrolysis, sewage sludge, kinetics, products, feasibility study
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1 HV =259.83(V+F) - 2454.76 0.8991 kJ/kg
2 HV=255.75V + 283.88F - 2386.38 0.8993 kJ/kg
3 HVA =278.07(V + F) - 50.44M - 2875.52 0.9011 kJ/kg
4 HVA =219.98V + 327.44F - 68.39M 0.8810 kJ/kg
5 HVA =276.04V + 289.70F - 51.45M - 2847.53 0.9012 kJ/kg
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6 HV=4912C-911.9H + 117.70 0.8906 kl/kg

7 HV=492.5C-926.0H+ 117.60 + 19.3S 0.8906 kl/kg

8 HV'=4148C-184.1H + 178.90 - 2159.5 0.9035 kl/kg

9 HV'=4259C-69.8H + 181.70 - 180.5N - 2277.0 0.9044 kl/kg

10 HV=430.2C-186.7H - 127.4N + 178.6S + 184.20 - 2379.9 0.9050 kJ/kg
HV=406.4C-210.6H + 154.7§ + 160.30 - 151.3N - 23.84 +

11 0.9050 kl/kg
.0034

12 HV=4064C-210.5H + 154.85+160.40 - 151.2N - 23.84 0.9050 kl/kg
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HV =3959C - 447.1H + 25558 + 1543 (O + N) - 18.14 -
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13 0.9028 kJ/kg
21.7

14 HV =395.6C -446.0H + 25455+ 154.0 (O+ N) - 21.94 0.9028 kJ/kg
HV=1343C-1,502.1H-2.7 (02/(1-A/100)) +29,132.8 (1 —

15 08926  kl/kg
A/100)
HV = 279.8C - 849.1H + 72490 - 9.2(02/(1 - 4/100)) -

16 0.9024 kJ/kg
118.5S
HV =328C + 1,419H + 92.85 + 276.7 (O + N) + 110.44 -

17 0.8830 kJ/kg
14,278.3
HV =661.0 (0.328C + 1.419H + 0.0928S5) + 146.5 (O + N) -

18 0.8898 kJ/kg
31.44
HV = 683.8 (0.328C + 1.419H) + 0.0928S - 0.0238N +

19 0.8921 kJ/kg
154.60 - 33.14
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Compound Name Formular Molegular
Weight
Hydrogencyanide HCN 27
Nitrous oxide N,O 44
2-Hydroxyl-propanenitrile C3;HsNO 71
1H-Pyrrole-1-methyl C4HsN 66
4-Pyridinamine CsHgN, 94
2-Methyl pyridine CsH7N 93
3-Methyl pyridine CeH/N 93
2-Ethenyl pyridine C;HgN 107
3-Ethenyl pyridine C;HgN 107
3-Phenyl-5(4H)-isoxazolane C;HgNO, 139
Indole CgHsN 117
Benzyl nitrile CgHsN 117
1-Isocyano-4-methyl-benzene CgHgN 118
a-Ethyl benzene acetonitrile CioH14N 145
a o ~ o o
M3519N 3.7 @15U5NDUTININUUFY HAZYNUD
Compound Name Formular Mole(_:ular
Weight
Benzene CsHs 78
Cyclopropabenzene C,Heg 90
Toluene C,Hg 92
Styrene CgHsg 104
Ethyl benzene CgH1o 106
o,m,p-Xylene CgH1o 106
2,3-Benzo furan CgHgO 118
1,4-Benzodioxin CgHgO» 134
Indene CoHg 116
2-Phenyl-2,5-Cyclohexadiene-1,4-dione C12HsO, 184
Benzylisopentylether C4oH480 178
Benzeneacetic acid cyclopentylester Ci3H150; 206
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Acids
Acetic acid C,H,0, 60
Propanoic acid C3HgO, 74
Butanoic acid C4HgO, 88
Pentanoic acid CsH100, 102
Hexanoic acid CgH120, 116
Aldehydes and Ketones
Acetaldehyde
Butanedial C4HgO5 86
3-Hydroxy! butanal C4Hy0, 89
3-Methyl butanal CsH400 86
Pentanedial C5HgO, 100
4-Octan-3-one CgH140 126
Acohols and Ethers
Oxirane C,H,0 44
Ethyl alcohol C,HgO 46
Cyclobutanol C4HsO 70
Cyclopropyl carbinol C,HsO 72
2-Pentene-1-ol CsH4100 86
5-Hexen-2-ol CeH110 99
2,4-Hexadiene-1-ol CeH150 103
Benzyl alcohol C;HsO 108
3-Heptyne-1-ol C,H4,0 112
Furan
Furan (Furfural) C4H,0 68
2,3-Dihydro-furan C4HsO 70
Furfural (2-Furaldehyde) CsH40, 96
Furfural alcohol CsHgO, 98
Phenols and Cresols
Phenol CgHsO 90
o,m,p-Cresol C;HsO 108
2,3-Dimethyl phenol CgH100 122
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Compound Name Formular M\?\l/i?;tﬁr
Methane CH, 16
Ethene CoH, 28
Ethane C,Hg 30
1-Propyne CsH, 40
Propylene C3Hg 42
Propane CsHg 44
1,3-Butadiene C4Hs 54
Butene C,4Hg 56
Butane C4Hqg 58
Hexane CeH1a 86
3,3-Dimethyl-1,6-heptadiene CoHq6 124
6-Methyl 1-octane CgoHyqg 126
1,2,3-Trimethyl cyclohexane CgoHqg 126
1-Decyne CyoH1s 138
7-Methyl-1-nonyl CyoH1s 138
3,7-Dimethyl-1-octane CioHa2g 140
2,5,5-Trimethyl heptane CyoH22 142
Decane CyoH22 142
Undecane CyqHaa 156
2,4,6-Trimethyl octaene CiqHas 156
1-Dodeccane-3-yne Ci2Hz 164
4-Dodecane CyoHos 168
5-Dodecane CioHos 168
3-Methyl-3-undecane CyoHos 168
2-Propyl-1,3,3-trimethyl cyclohexane CioHos 168
1-Tridecyne Ci3Hos 180
6-Tridecane Cy3Hog 182
6-Ethyl-2-methyl decane Cy3Hog 184
3,7-Dimethyl undecane Cy3Hog 184
1-Tetradecyne Ci4Hog 194
3-Tetradecane CisHog 196
4-Tetradecane Cy4Hog 196
Pentadecane CisHao 212
Hexadecane CieHaa 226
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2. @15Uszneulalasasueusiminlgasaazia (Aliphatic and Alicyclic
Hydrocarbon Compounds)
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3. IUUSULAZDUNUT ( Benzene and its derivatives)
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Compound Name Formular M&Z?;L?r
Hydrogencyanide HCN 27
Nitrous oxide N,O 44
2-Hydroxyl-propanenitrile C3HsNO 71
1H-Pyrrole-1-methyl C4HsN 66
4-Pyridinamine CsHgN, 94
2-Methyl pyridine CeH7N 93
3-Methyl pyridine CsH-N 93
2-Ethenyl pyridine C;HgN 107
3-Ethenyl pyridine C/HgN 107
3-Phenyl-5(4H)-isoxazolane C;HgNO, 139
Indole CgH7N 117
Benzyl nitrile CgH;N 117
1-Isocyano-4-methyl-benzene CgHgN 118
a-Ethyl benzene acetonitrile CoH11N 145
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Compound Name Formular M\?\llzci:;ilsr
Benzene CsHe 78
Cyclopropabenzene C;Hs 90
Toluene C/Hg 92
Styrene CgHg 104
Ethyl benzene CgH1o 106
0,m,p-Xylene CgHyo 106
2,3-Benzo furan CgHsO 118
1,4-Benzodioxin CgHgO, 134
Indene CoHg 116
2-Phenyl-2,5-Cyclohexadiene-1,4-dione C4oHgO, 184
Benzylisopentylether CoH480 178
Benzeneacetic acid cyclopentylester C13H1g02 206
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Product Classes Compound Name Formular M&Z?;:}?r
Acids
Acetic acid C,H,0, 60
Propanoic acid C3HgO, 74
Butanoic acid C4HgO, 88
Pentanoic acid CsH100, 102
Hexanoic acid CgH120, 116
Aldehydes and Ketones
Acetaldehyde
Butanedial C4HgO5 86
3-Hydroxy! butanal C4Hy0, 89
3-Methyl butanal CsH400 86
Pentanedial C5HgO, 100
4-Octan-3-one CgH140 126
Acohols and Ethers
Oxirane C,H,0 44
Ethyl alcohol C,HgO 46
Cyclobutanol C4HsO 70
Cyclopropyl carbinol C,HsO 72
2-Pentene-1-ol CsH4100 86
5-Hexen-2-ol CeH110 99
2,4-Hexadiene-1-ol CeH150 103
Benzyl alcohol C;HsO 108
3-Heptyne-1-ol C,H4,0 112
Furan
Furan (Furfural) C,H,O 68
2,3-Dihydro-furan C4HsO 70
Furfural (2-Furaldehyde) CsH40, 96
Furfural alcohol CsHgO, 98
Phenols and Cresols
Phenol CgHsO 90
o,m,p-Cresol C;HgO 108
2,3-Dimethyl phenol CgH100 122
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m51an 5.5 asdsznou lalasamsveuiniulsaswazaa

Compound Name Formular M&',i?;tﬁr
Methane CH, 16
Ethene CoH, 28
Ethane C,Hg 30
1-Propyne CsH, 40
Propylene C3Hg 42
Propane CsHg 44
1,3-Butadiene C4Hs 54
Butene C,4Hg 56
Butane C4Hqg 58
Hexane CeH14 86
3,3-Dimethyl-1,6-heptadiene CoHq6 124
6-Methyl 1-octane CgoHyqg 126
1,2,3-Trimethyl cyclohexane CgoHqg 126
1-Decyne CyoH1s 138
7-Methyl-1-nonyl CyoH1s 138
3,7-Dimethyl-1-octane CioHa2g 140
2,5,5-Trimethyl heptane CyoH22 142
Decane CyoH22 142
Undecane CyqHaa 156
2,4,6-Trimethyl octaene CiqHas 156
1-Dodeccane-3-yne Ci2Hz 164
4-Dodecane CyoHos 168
5-Dodecane CioHos 168
3-Methyl-3-undecane CyoHos 168
2-Propyl-1,3,3-trimethyl cyclohexane CioHos 168
1-Tridecyne Ci3Hos 180
6-Tridecane Cy3Hog 182
6-Ethyl-2-methyl decane Cy3Hog 184
3,7-Dimethyl undecane Cy3Hog 184
1-Tetradecyne Ci4Hog 194
3-Tetradecane CisHog 196
4-Tetradecane Cy4Hog 196
Pentadecane CisHao 212
Hexadecane CieHaa 226
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M35 Usunsu PyrSim

Tuaaumslilisunsu
1. Woisudullsunsy PyrSim azilsingniivesuduasgi 2 Taeliseazideadiu

Usznouaee aan lauaas’l’

%' PyroSimulator

System Information

Furnace System

©

System

- Pyrolyzer

&

I:l = required input information I:l = oplional for further development

|‘I | = the information is ready

Exit

G

nihvsuaaumumnszuy Inls lade
aanivetloudoyavesarsilou (317 3)
aamivetloudoyandsnuilou (g1 4)

a 4 4] a [ 4 {
aamivetloudoyamamanius (310 5)
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AANING reset Yoyaninun
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. @ { @ { ) a o 4 {
2. floudoyanerduastlon (31 44) wdanw (§Un 45) vazMandadusi (U 46) win

HoudoyalinsuTsunsuag lienunsodnnumald (dunavinlvaseg)

-PyroSimulator

-~ System Inf
Furnace System
Feed Information
Feed P il
1. Feed Rate kasday
Feed 2. Feed Composition
2.1 Muoisture 45wt
2.2 Wolatile M atters A0E  wiE
2.3 Fixed Carbon 74 wiE
2.4 Ash Content AT wbE

3. Heating W alue
* Approsimate

~Feed Co

1. Feed Temperature deg. C 0K

D = required input information D = optional for further development

I:I = the information is ready

51 47 Dialog tfietloudoyamstlon

.PyroSimulator

-~ System Inf

Furnace System

Energy Requirements

S

~Process Ci

1. Input a total energy requirement.

Feed Total energy input = kdkg sludge

2. Pyrolyzer Operating Temperature,
Operating Temp. = deg C
3. Assume Heat Transfer Efficiency

Heat Efficiency =

!
=
a0

1. Total energy input = utility heat e.q. electicity
2 T_he recommanded pyralyzer operating temperature is nommally LS

in range of 300 - BOO deg. C

[ Instructi :
D = required input information D = optional for further development

D = the information is ready

31 48 Dialog tfiefloudoyandsamilou
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| PyroSimulator

System Information

Furnace System
% Gas Product g|

-~ Bas Product Properties

1. Al Properties:

&+ Approximate " Known Properties
Feed )

s E

~Gas Dutlet Temperature

1. Gas Temperature DegC. oK
D = required input information D = optional for further development
D = the information is ready

3111 49 Dialog Lwaﬂeumamm«mammm

a' 9 9 a . d‘ ] o o
3. ietloudeyansudiu adn  Simulate WehiMIAIIMNE T suNTUAZHING
AuaaziaawamsiaugamumIamsaznauaUf 6 nazrindeansud ludeya

awsaaanify Back ioud ludoyanaziimsinalngld

' PyroSimulator

Results

STREAM PROPERTIES

Flow Rate Temp. Heating Value
(ko/day) (deg. C) (kJ k)

Feed

Sludge 300.00 anao 10,686.0
Product

Gag® 32.23 i) 20,793.2 (k) /m3)

Liguid il 9042 300 235831

Solid Residue 177.34 N MAA

*Composition of Gas

Gas il % Gas viol%

Oz 129 Hz 3474

Mz E41 CHy 1205

co .28 CaHy 43

0z 205 CaHe 174 I—l
‘ Mass Energy Exit |

ﬂﬁ 50 (n) ‘Wlﬂi]’f) interface u,ﬁmwamsmmmﬁmamams
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€' PyroSimulator

Results

HEAT FLOW

1.200.00 bJ
150,00 MJ

Enthalpy of reaction

£00.00 MJ
E00.00 bt

HEAT ANALYSIS

Feed Input

Total HV in Feed = 3.205.81 MJ Fuel Combustion
Electricity

Products

HYin Gas = 117038 wd Outpart

HY in Liquid Qi = 161238 hid

HY in Solid = Hegs o hd Loss

Total HV in Product = 2.982.76 MJ

Heat Recovery = 93.04 % Efficiency
Heat Efficiency

Energy input

Total Energy Input = 1.350.00 M.J

Process Efficiency

50.00 %
44.44 %

*the unit is per day

<< Back

Mass

Energy

L

‘ Exit

317 50 (v) 11190 interface LAAIHANTATUIVANAANAIIIU

dreesteyatloindnlisunsy PyrSim

szian sziandos Milou
Feed Feed rate -
Composition
Moisture 2-15%
Volatile Matters 20-70 %
Fixed Carbon 2-15%
Heating Value 2,000 - 18,000 kJ/kg

Feed Temperature

Energy Requirement

Total energy input
Operating temperature

Heat efficient

400 - 600 kJ/kg SS
300 - 800 °C

40-70 %

Gas Product

Gas composition

Gas temperature
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