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Hydrothermal carbonization of sewage sludge for solid recovered
fuel and energy recovery
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ABSTRACT

Recently, Korea’s municipal wastewater treatment plants generated amount of wastewater sludge per day. However, ocean
dumping of sewage sludge has been prohibited since 2012 by the London dumping convention and protocol and thus
removal or treatment of wastewater sludge from field sites is an important issue on the ground site. The hydrothermal
carbonization is one of attractive thermo-chemical method to upgrade sewage sludge to produce solid fuel with benefit
method from the use of no chemical catalytic. Hydrothermal carbonization improved that the upgrading fuel properties
and increased materials and energy recovery ,which is conducted at temperatures ranging from 200 to 350°C with a reaction
time of 30 min. Hydrothermal carbonization increased the heating value though the increase of the carbon and fixed carbon
content of solid fuel due to dehydration and decarboxylation reaction. Therefore, after the hydrothermal carbonization,
the H/C and O/C ratios decreased because of the chemical conversion. Energy retention efficiency suggest that the optimum
temperature of hydrothermal carbonization to produce more energy-rich solid fuel is approximately 200°C.
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Table 1. Characteristics of sewage sludge
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water, 180<T<373°C, 2<P<22MPa)Z Zuj2 2+-85}o]
(Funke and Ziegler, 2010; Toor et al., 2011), #*]-2 €3}
W NI A2 WAloleh axe wHe7)
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Foln, Aol AE 300mlet FA3t Fo E= A
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AA G HAaEA-L PerkinElmer 2400 Series 11
CHN organic elemental analyzer(PerkinElmer, Waltham,
MA, USA)E o|§sto] 7} ol FAZE HE=2 &
A5l on, FPEA-L SHIMADZU D-50 simultaneous
TGA/DTA analyzer& ©|-&35}o] ASTMo]| wha} FA4| H]
&2 Bl WS BAL AxH ARE ol
3}of IKA Calorimeter System C 50002 o]-83}o] H4]

Ultimate analysis (wt %, as ash free, on dry basis)

Proximate analysis (wt %, on dry basis)

Fixed Volatil
C H 0] N S e oratie Ash Fuel ratio
carbon mater
PS 38.56 6.19 49.74 5.02 0.49 7.31 65.30 27.39 0.11
WAS 38.98 6.46 46.07 8.05 0.44 7.07 66.87 26.06 0.11
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Fig. 1. Schematlc diagram of lab-scale hydrothermal traetment.
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Table 2. Associated equations for estimation of hydrothermal carbonization

Term

Equation

Solid recovery(= yield)

mass of dried solid recovered
mass of dried initial feedstock

percentage of C in biochar- biochar weight

Carbon recovery efficiency

percentage of C'in feedstock: feedstock weight

Fixed carbon recovery efficiency

percentage of fixed carbon in biochar - biochar weight

percentage of fixed carbon in feedstock: feedstock weight

Energy densification

HHYV of biochar
HHV of feedstock

Energetic retention efficiency

HHYV of biochar

e solid recovery

(=energy recovery) HHV of feedstock
. HHVof biochar — HHV of feedstock
HHV improvement HEV of feedstock
stgion, 1 ®WHL EPA-Method 5050 (Calorimetric el it sgEtstE &R 9] g}sta] EA

standard method)S w2} AA]5} T

+gx2| 28 Tt 24
o
=

gols Fall doldl sk &R =St Bl

ek WIS 91, T Table 29} 22
o] 83} thKang et al., 2012; Lu et al., 2013). <=
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o ex =7 Wsto] met A&elX]
of LA o] F5He WSl S4E Table 33} 40

53l
T gt &, g (09 ol
Folde B4 Aglth B3 Am2AY B /%
(Jenkins et al, 1998; Guo et al, 1999)0] & 4= Q= 1
“d&ka: (Fixed carbon) o= wolAl= AWE Hlch
(Fig. 2). €21A19] F7ol wztie AE2A9 42
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AE  ©0]-835}o] Fuel ratio (=fixed carbon/volatile
matter) A3}, &3} AHofl= X5 0.110]¢ o 2] =
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2 ke AnE 2o, #E@dEdAl= 015,
023 ©&2 Z7}8tAthr} 300°C olAtoll A 0212 <F7t
Solr= A1 Eelth ol EHIE Fol, &4
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Table 3. Changed properties of primary sludge by hydrothermal carbonization

o Hydrothermal carbonization”
P-200 P-250 P-300 P-350
Ultimate analysis (wt%, on dry basis, as ash free)
C 38.56 43.87 41.19 38.51 35.47
H 6.19 5.99 4.47 3.94 3.61
(0] 49.74 44.94 49.65 54.97 58.81
N 5.02 4.86 4.45 2.44 1.92
S 0.49 0.34 0.24 0.14 0.19
Proximate analysis (wt%, on dry basis)
Volatile matter 65.30 62.88 49.31 33.21 30.21
Fixed carbon 7.31 9.67 7.25 7.00 6.45
Ash 27.39 27.45 43.44 59.79 63.34
Fuel ratio 0.11 0.15 0.15 0.21 0.21
High heat value(kcal/kg) 3875.60 4569.38 4952.15 4330.14 4162.68
" P-200 : treated at 200°C, P-250 : treated at 250°C, P-300 : treated at 300°C, P-350 : treated at 350°C.
™ Fuel ratio = fixed carbon/volatile matter.
Table 4. Changed properties of waste activated sludge by hydrothermal carbonization
A Hydrothermal carbonization
W-200 W-250 W-300 W-350
Ultimate analysis(wt%, on dry basis, as ash free)
C 38.98 45.00 48.45 42.53 41.45
H 6.46 5.78 4.78 4.10 4.13
O 46.07 41.98 40.44 48.71 49.92
N 8.05 7.04 6.14 4.64 4.49
S 0.44 0.20 0.19 0.02 0.01
Proximate analysis(wt%, on dry basis)
Volatile matter 66.87 61.13 55.27 47.28 42.28
Fixed carbon 7.07 9.30 12.77 10.09 9.06
Ash 26.06 29.57 31.96 42.63 48.66
Fuel ratio 0.11 0.15 0.23 0.21 0.21
High heat value(kcal/kg) 3777.51 4689.00 4473.68 4090.91 3995.22

" W-200 : treated at 220°C, W-250 : treated at 250°C, W-300 : treated at 300°C, W-350 : treated at 350°C
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Fig. 2. Changed composition of proximate analysis of sludges
by hydrothermal carbonization.
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Fig. 4. Van Krevelen diagram of sludges and biochar by
hydrothermal carbonization with increase of the
reaction temperatures.
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Energetic retention efficiency Z21}= $~<g&slo] & ::; 000
4 AP 2EE AAEACR FAdE, ASY . 200°C 250°C 300°C 350°C
A 9] A= 71 =& Energetic retention efficiency+= Reactiontemperature
200C A olm ML AL 250°C AR B oy (b9 - B rnioneficeny (WAS
Aot SefAe) AgdRske 93 ~ERRE ol % Fig. 6. Energetic retention efficiency and energy densification
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Table 5. Estimation of influence on hydrothermal carbonization to improve the properties of sludges
Solid yield Carbon Fixed carbon Energy Energ(.atic HHV
(%) neeey Loy densification ret'er.ltlon improvement
efficiency efficiency efficiency
Primary sludge
P-200 78.05 0.89 1.03 1.24 0.97 1.03
P-250 68.68 0.83 0.77 1.18 0.81 0.77
P-300 61.99 0.78 0.75 1.08 0.67 0.75
P-350 53.56 0.72 0.69 1.06 0.57 0.69
Waste activated sludge
W-200 82.60 0.95 1.09 1.18 0.97 0.18
W-250 75.24 1.03 1.49 1.28 0.96 0.28
W-300 68.11 0.90 1.18 1.12 0.76 0.12
W-350 61.30 0.88 1.06 1.07 0.66 0.07
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