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Abstract : The potential of biodiesel production technology using lipids extracted from sewage
sludge was investigated. Despite the bright prospect of biodiesel production, efforts to commercialize
it have been very limited. One of the major obstacles has been the high price associated with
refined oil feedstock, which makes up nearly 70—75% of the total production costs. Hence, in
order to reduce the cost of biodiesel production, using cheaper feedstock such as waste oil or
low—quality oil has been proposed. Especially, sewage sludge, a relatively inexpensive feedstock, is
a promising raw material for such a purpose. In this study, it is aimed to review biodiesel
production technology from sewage sludge as a lipid feedstock. It is process modifications to
combine the oil extraction steps, fuel conversion steps (ie. in situ transesterification,
thermo—chemical process with non-catalytic heterogeneous biodiesel production) and fuel quality
from sewage sludge.
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Fig. 1. Schematic Diagram of a conventional municipal wastewater treatment plant [5].
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sludge extraction process with solvent [6].
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Table 1. Oil Content and Compositions of Neutral Lipids from Activated Sludge [11]
Sample Oil content® FFA AGs Unsaponifiables
P (Yow/w) (ow/w) (Gow/w) (Pow/w)
Activated sludge without SCW treatment® 2.10 36.68+1.31|30.37+£0.47| 32.95+0.85
Activated sludge with SCW treatment” 7.87 36.53+1.85(28.97+£0.68| 34.50+1.17

* Value reported were average of four independent experiments.
® Value reported were average of two independent experiments.
¢ Qil content was calculated base on weight of dried sludge.
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=4 Aol A g Aola U] AHAtES
ghe|2joto]l Qs ABdH FAEoltt [20,211.

i}

‘Weight/weight sample (%)

S R R R 4
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Carbon number

Fig. 7. Fatty acid of neutral lipids [11].
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Fig. 8. FAME analysis of the biodiesel
produced by in situ transesterification
of activated sludge at the optimum
condition [10].

Dufreche 5[5,9-1012 =4 A¢] 373 €217

e 4 Holetdls GCE A% A,
palmitic  acid(Cig:0),  palmitoleic  acid(Cie:1),
stearic acid(Cig:o), oleic acid(Cis:) @ linoleic
acid(Cig:) ] HE o|AEIZE F2 ZFIe
dl, ole &4t AEAd 7159 Helerde] 4
3 AR FARRE Zolth(Fig. 8). shx|Rt w|

Table 3. The Quality Standard of Biodiesel

sk SR 25 E voled Airle 9

&2 HoledAdl= EgZgAgtels, A
Ah AL HEEoMd fAl, g, AHEO|E,
H 25 o]t polyhydorxyalkanoates |Sxe e
A 47 A, o IRk g@3lea § ‘:]'ok
gt 3e RS0l i%LE]Oi Atk E]‘ﬂ'/ﬂ Sk
é‘jﬂﬂoﬂ z3tElo] Sl olT FFEES A
*=E 52 n-situ ¥rol 0@ AL ZA A F
iﬂ(ﬂok gttt HiolooAS off ZAglo] X
of ARgSH] flsidE Hreledde] F47ES
A Aok k. Table 3ol 4389 EN 14213,
oj=2] ASTM D 67513 9+=r9] Td4 2 MG
iAdE AFdR o TE HioleHAe] EA7|E
= UrE}LHS’iE}.

2,5 7|t S8t ¥ MY

e shRe| 249Tt me] skt A e
=i g, 2 F itk sk ol 61.6%
Jroltt. £=HUA St A AHL oA <]
st E9AE oﬂﬂx]ﬂ%]' F e AAAES

TEot] 4 Foll A2 Sk A7 A4 9
Sk ’E\FHZ]/] 78%% refuse—derived  fuel
(RDRZ Azt 9ty RDFE &2 #A9 g

Korean EN 14214 ASTM D6751

Limit Limit Limit
FAME content (wt.%), min. 96.5 96.5 -
Kinematic viscosity (40 °C, mm?/s) 1.9 ~ 5.0 35~ 50 1.9 ~ 6.0
Sulfur content (mg/kg), max. 10 10 15
Flash point (°C), min. 120 101 93/130
Density (15 °C, kg/m?) 860 ~ 900 860 ~ 900 -
Water content (mg/kg), max. 500 500 -
Oxidation stability (110 °C, h), min. 6 8 3
Methanol content (wt.%), max. 0.2 0.2 0.2
Total acid number (mg KOH/g), max 0.50 0.50 0.50
lIodine number (g /100 g), max. - 120 -
Total glycerin (wt.%), max. 0.24 0.25 0.24
Monoglyceride (wt.%), max. 0.80 0.7 0.4
Diglyceride (wt.%), max. 0.20 0.2 -
Triglyceride (wt.%), max. 0.20 0.2 -
Free glycerin (wt.%), max. 0.02 0.02 0.02
CFPP (°C) 0 - -

Cloud point (°C)
Lubricity (HFRR, ¢m)
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Fig. 9. Price of various oil feedstocks for

biodiesel [22].

Table 5= ©9et A24 FAE ol8sto Hf
oletd[23-24]3 SHutol ey A[25-26]& A
A el Hig 247tE wiEEe EU AR
Mol A7 A R A&7 Vel mE
AxtAel ofs Adtd e AASkAL ot sk
<279 Feole Hedo] &5 7|9 Hiol
QujAR ol §EE A Aol HIs| Auje] &
a3t olitelea HiEFo] flom Tk, ol
HEHE 9k 7P A2 ez oA Ao
ol HiFom olitstea AFeS IS o,
HedS AMgSte] Hiole e i ¢ of
83%°] olitetta HigHdeE 2 & Utk

Table 4. All Assumption Used for Economic Feasibility Analysis [22]

Oil yield (dry basis, gm %day ™)

Biomass Oil content (dry basis, %)

Sewage sludge 18-20

Microalgae 20-30
Palm 36
Rapeseed 42
Jatropha 28
Sunflower 40

Soybean 18-20

1290
20
3.9

0.65

0.67

0.47

0.59
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Table 5. CO, Default of Biodiesel [23]

sk SR 2R volend Airle 11

) _ Default (gCO2e/M]) Removal
Biofuel Biomass - -
Plantation  processing  Transport Total rate (%)
Canola 29 22 1 52 38
Sunflower 18 22 1 41 51
Biodiesel soybean 19 26 13 58 31
Palm 14 49 5 68 19
Waste o.il/ fatty 0 13 ) 14 83
oil
Canola 30 13 1 44 47
HBD Sunflower 18 13 1 32 62
Palm 15 42 5 62 26
3.8 E A oa 3 B 2 e 29 4 el

SEvEte AAsAS Afol sl Heledd
o] EgH|lg2 2007¢ o] wid 0.5 Fo%H
A z2A4ste] 20139 dA A= F54E 55t
o Holotd 2 Bu%rt 23tE o] EgEal S
o "5 9 AgdiAds AgH. e FH
71 Ao gJste] Hpole Ao 3§}
SHE Jtdskelal 9lew, 20154 7TEEEHE
o izl d A R] AT olg BHg X
olsto] AR dm EFO)FIA
(Renewable Fuel Standard, RFS)E Alaigt o
oltt. o] ZHoA = Hioletd gt Hg
< YoliMe dasgol F8sH ARSI it
= vpolorjdo] g oAg-f 7|wte] At
427}t 31%E AA st glow, REEo| sy
A sdot A4 B S22 69% HIER
FQof ooty Q= dAolTh

Hiolo o)Al Agite]l 8 Azl AEAY Fx¢}
TN A= 30 HE] deH, d= 219
2 ARgA o] AATAlC| AJot. Tu ZA
st &9Ae Hholetd A Qg §4 A
Ho2 A9 7HaAdat FAdo] F AL=R moty
I Qlrh. ok SHAERE Hpoletd gikS
At AAY E 52 2 FHNAN EHAE 5+
A, g5, AXAFE o B2 Hgo] B V)&
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