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SUMMARY

[. Title

Producing solid fuel having high calorie value and increasing production

ability of biogas from livestock organic waste

II. Objects & necessities

1. Research objects

Objects of this research were to develop the renewable energy production
system that could simultaneously produce solid fuel and biogas from livestock
manure adopting a thermal hydrolysis process and an anaerobic digester. In this
renewable energy production system, the solid livestock manure having water
content above 80% was thermally hydrolyzed, thereafter the solid particles
separated from thermal hydrolysate of livestock manure were utilized as the
solid fuel and the filtrate of thermal hydrolysate was converted to biogas by

anaerobic digestion.

2. Necessities of this research
1) In South Korea, the discharging amount of livestock manure accounts for
about 89% of total amount of organic waste generation and the convertible
energy potential from livestock manure corresponds to 90% of total energy
potential by organic biomass. Therefore the livestock manure has been taken
into account to be a valuable renewable energy source. But that may cause an
environmental pollution if not managed properly.

2) Korean government has established the policy aim of renewable energy



supply which expanded the renewable energy portion from 8.1% in 2008 to
31.4% in 2030. Therefore in this prospect of renewable energy supply, the
growth of energy industrial sector concerned with livestock manure was
expected in future.

3) Although nowadays about 90% of livestock manure is utilized as
fertilizers (compost & liquid fertilizer), there are many economical and
environmental problems that are caused by the difficulty at quality control of
fertilizer and the restricted area for fertilizer spreading.

4) Recently ocean dumping of livestock manure was prohibited by the
influence of international regulation such as London Dumping Convention.
Thereafter the treatment expense of livestock waste increased to about 2 times
compared to the facts of middle of 2000s. And the concern for the proper
management and energy production of livestock wastes has highly increased.

5) Until now the anaerobic digestion that produces biogas from organic
wastes has been assessed as the most feasible technology. And an anaerobic
digestion technology has already been applied for renewable energy production
in many developed countries of EU from before several decades. But in Korea,
about 15 biogas plants that are designed for renewable energy production have
been operated, the extension of biogas production facility is highly restricted
due to the low efficiency (below 65%) of biogas facility on operation and the
lack of policy that can promote and accelerate the extension of biogas plant.
Also digestate discharged from anaerobic digester after biogas production should
be properly treated because it contains high nutrients(N, P) and residual organic
materials, but the proper disposal of digestate is difficult in the technical and
economical aspects. Therefore in order to diminish the environmental organic
loading causing from livestock wastes and produce the renewable energy

sustainably, the researches for the improvement of anaerobic digestibility and

_10_



biogas productivity are needed.

6) Another feasible technology for the renewable energy production from
waste biomass is the solid fuel production technology by dryness. Recently
studies for the drying technique, gasification of solid wastes has been carried
out and reported by several researchers. But these technologies have been
assessed not to be feasible in the aspect of energy balance and operation cost.

7) In this study, the new renewable energy production system was
proposed and designed to improve the energy recovery from livestock manure.
The thermal hydrolysis process composing of a renewable energy production
system was designed to have the energy efficiency of above 50% than energy
consumption of simple drying process, and total system which was composed of
thermal hydrolysis and anaerobic digester was designed to obtain the total

energy recovery of above 80% from livestock manure

lIll. Scopes and methods

1. Characteristics and applicability of pig slurry for thermal hydrolysis

1) Pig slurry samples were collected from three different pig farm houses,
and sludge samples obtained after solid/liquid separation were thermally
hydrolyzed by batch reactor at different reaction temperature of 200~270C.
Thereafter physico-chemical properties of pig slurry samples and hydrolystes
obtained in different reaction temperatures were analyzed.

2) In the basis of the results of above study, we could investigate the
applicability of thermal hydrolysis for pig sludge, and the optimum condition of

thermal hydrolysis reaction was confirmed.

_11_



2. Development of thermal hydrolysis reactor
1 In order to develop the thermal hydrolysis reactor that was optimized
for pig sludge, Viscosity and thermal conductivity as design factors of thermal
hydrolysis reactor were assessed.
2) The optimal thermal hydrolysis reactor was designed by using the design
factors obtained by the numerical interpretation of viscosity and thermal

conductivity data that were carried out in different reaction temperature.

3. Test of thermal hydrolysis pilot plant
1) Thermal hydrolysis pilot plant was established in the basis of design
factors obtained from above study, and the results of preliminary test were
assessed and compared with results from the operation of thermal hydrolysis
pilot plant.
2) The integrated renewable energy production system which is composed

of thermal hydrolysis process and anaerobic digester was contrived.

4. Operational optimization of unit processes in the integrated renewable
energy production system

1) Methane production potential by BMP(Biochemical methane potential)
assay was determined for the liquid fraction of thermal hydrolysate reacted and
produced in different reaction temperatures.

2) Operation factors of unit processes in the integrated renewable energy
production system were established in the consideration of solid fuel
productivity(calory value of solid fuel, settleability of carbonized particle),
organic  solublization(anaerobic methane production potential) by thermal
hydrolysis

3) Operation factors of anaerobic digester using the liquid fraction of

_12_



thermal hydrolysate were established.

5. Optimization of operational condition of the integrated renewable energy
production system
1) Methane production potential by BMP(Biochemical methane potential)
assay was determined for the input mixture that is composed of a liquid
fraction of thermal hydrolysate and a filtrate through solid/liquid separation of
pig slurry.
2) In the basis of the results of above study, Operational condition of the

integrated renewable energy production system was optimized.

[V. Results

1. Characteristics and applicability of pig slurry for thermal hydrolysis

1) Physico-chemical properties of pig slurry samples

Water content : about 80%, combustible solid/total solid : 17%, combustion
calory : 4,700 kcal/kg

2) Applicability of pig slurry for thermal hydrolysis

Optimum condition : 220°C, 35bar (In the aspect of the settleability of
carbonized particle, water content of solid fuel was achieved to 40%)

Unit combustion calory : 5,500 kcal/kg (HHV, higher heating value),

Recovery of solid fuel : 62%

2. Development of thermal hydrolysis reactor
1) Viscosity and thermal conductivity in the thermal hydrolysis of pig
sludge

Initial reaction viscosity : 200,000 cP

_13_



Initial reaction thermal conductivity : 0.2 w/mTC
2) Design factors by numerical interpretation
Cylindrical reactor : height/diameter = 2.5 (most optimum thermal

conductivity point)

3. Test of thermal hydrolysis pilot plant

1) Operation result thermal hydrolysis pilot plant (scale : 30L/batch, 100
kg/day)

Unit combustion calory : 5,237 kcal/kg (HHV)

Recovery of solid fuel : 60%

2) Mass and energy balance in the integrated renewable energy production
system

Total energy conversion : 88.8%

Energy productivity by solid fuel : 658 Mcal(HHV), 126 kg in the basis of 1
ton-pig sludge(4.3 ton-pig slurry)

Energy productivity by methane gas : 114 Mcal(HHV), 13 m® in the basis of
1 ton-pig sludge(4.3 ton-pig slurry)

Consumption energy at thermal hydrolysis process : 300 Mcal in the basis

of 1 ton-pig sludge(4.3 ton-pig slurry)

4. Operational optimization of unit processes in the integrated renewable
energy production system
1) Optimum condition of thermal hydrolysis process considering anaerobic
digestibility : 220C X 35bar
2) Anaerobic digestibility of the liquid fraction of thermal hydrolysate
Methane production : 15.13 m®/ton-liquid thermal hydrolysate

Methane vyield : 86.5% was recovered for theoretical methane potential

_14_



value(Busswells equation)
(BMP condition : S/I ratio in the basis of added VS contnet = 0.5, 38C in

mesophilic)

5. Optimization of operational condition of the integrated renewable energy

production system

1) Methane production potential of the input mixture that is composed of a
liquid fraction of thermal hydrolysate and a filtrate through solid/liquid
separation of pig slurry

Liquid thermal hydrolysate : filtrate of pig slurry = 4 : 1 (v/v)

(This mixing ratio was calculated from mass balance analysis of total
system)

Methane production : 11.92 m®/ton-input mixture

Methane vyield : 93.6% for theoretical methane potential value(Busswells
equation)

(Reference : BMP result = 86.5%, S/I ratio in the basis of added VS contnet
= 0.5, 38C in mesophilic)

2) Operational results from the integrated renewable energy production
system

Energy productivity by methane gas : 114 Mcal(HHV), 13 m® in the basis of
1 ton-pig sludge(4.3 ton-pig slurry)

Energy yield : 88.2% was recovered for theoretical methane potential

value(Busswells equation)
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A2 A2 =9 ZleE 9%

1. =9 nlo]rtx EWE AlE By 9%

20104 71&= =9 nHiolertx AJEY Hyg S & 2-63 o AAACE FyolAle
Hio] @7} Aol ®Hg - o7t &8s XPHI o, st Ay #7144 H7E o] 9ol
Hlo] e 2] A& AJufste] vio] @712 A4k A o] &t As EHOE st ot
Heo| ue] vt AJAREFE 20079 5.9 MtoeolA 2008 7.5Mtoe® ZF7lahdom, 20089 7]F
F4k vlo]eulne} f71A H7|ES o] &8 ulo] ks AYako] oF 48%, wiHIt~9) B &
A& o]-&3l= Hiol @7k AJ4bo] of 52%E AASkA vk A ¥-2 19,965 GWhell o] ETHEBA,
2010). v]=ro] 4§ AgStar Z2AEE F3] 1980 dt] FTHEHEE] Hlo] 7l AJHLE AF - By
3tal 9lom, FE JMEFREE Hio|uts A ds® &&3ta k. HFe| Hio] et
AL 2011 F 1727 ARA 7FEERO ek Ai 140 M, &9 204, =R/ 23 A&, =@
54, 718 2 a2 B on, 172749 AdoA Wzt 445000 MWhe] 7S A2k

v

l

FRAA) whol osks AL HUo] b F HF S AASIL B vho] Lu) 2 ol §5
L BYRE vlolests FAEY Bgo]l B Hol Yt Sde| AUE FHUOE Uvnw,

2009 Hlo] b2 WA S AW - F313F= EEG 2009(Renewable Energy Source Act)e] 7174 -

Ee 20099 A 4984 MACHAEHE 1,893 MW)OIA 20119 6,800 7| A(HA g 2,559
MW)Z 543 S7HFAl0 . 5L 4% o8 8 =7ty 28 vol vt ALkl nt
oleodA A= AA ol &t F Hio| Tl ALY oF T3%E Hiol 2ol A A== HE
At Zd ol vt ZRES AAH], FHE, FAERS & 2-109 e =
4o AA - X FA Hlolertx A2 E9HIEe B4 A THAHKWHE 0.16F=
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E 2-6. =& vlo] et~ AlE A (2010)

w9 A8 FF e
=7} Al e oAz
ang 5 | ma 5 | TTEIA | 9E wﬁzi =
=g? 7,048 6,800 74 - - 174
=R 142 76 - 61 - 5
9] 2 135 89 24 - - 22
Ok 173 12 - 136 21 4
old ;M| e? 19 4 - 15
o rEF P | 489 300 30 134 - 25
o =2 212 40 3 151 - 18
Age? 33 10 - 16 4 3
g 206 35 3 74 - 94
B} 7] 24 - 1 - - 23
m) =23 172 172 - 1,600 - 92
SR 88 40 21 - - 21(E %
F 1D B4 RAE 5L SRR B ovoledux] 4B 5 sPPor vE4 RAES T§

2) IEA Bioenergy Task37 (http://www.iea-biogas.net/_content/publications/member-
country-reports.htmDoll A A&, 2011d 7|&

3) ml= EPA AgStar Project (http://www.epa.gov/agstar/projects/index.htm)ol| 4 &g}, 2011
| 7E

4) BNIEKEEBEEEY) - ) A 7 IVRES B &R Q01D).

3 2-7. vl FYECF Hhol Tt Al AR dRH2011)

NEER HaP) 73”
s % A B =g
140 2 23 ) 2 172

Fl: £FE Ao E FYURE o= Hlolrlx Aot

A= vl EPA AgStar Project(2011).
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% 2.8 HY Fe¥ol npol ok AHHA D wd WIH2010)

T 2009 20104 20119 (54h
Hlo] @ 7k A () 4) 4,984 6,000 6,800
Hio] @ 7k~ i 8- FHMW) 1,893 2,279 2,559
Ho] @ 7k 2 A FMWh/d) 11.69 7k 15.04 9t 17.138 9t

A= : [EA Bioenergy Task37(http://www.iea-biogas.net/_content/publications/member-country-reports.htmi).

¥ 2-9. &Y Renewable Energy Source Act(EEG 2009)¢] ®}o] 7}~ W A& F
NUA | tEER | AAEA i 13}
7187143 | ZAEo]& o] & ZFA}o] & W7 A= 71E =193
1__7]'—1 = [e) gl ]‘ ;Q'E:]:Ul X]—E%:LE‘ = L
AR Fag | e | 2 ) R
€-ct/kWh
150 KW o] s} 11.44 6.86 3.92 1.96 0.98 1.96 2.94
500 KW o]3} 9.00 6.86 0.98 1.96 0.98 1.96 2.94
5 MW o]s} 8.09 3.92 - - - 1.96 2.94
20 MW o] 3} 7.63 - - - - - 2.94

F D vpolodyA AES 9
Uz 2 o] gsta Yt
2) 2010d wlo] &7}
J7tE 2 3 =

frtl
fu
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ok
r{r
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>
S
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5 A8 AA, 7}2EH, ORC(Organic Rankin Cycle) 5 HAEE& FA 7|E& =YA g3
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3 2-10. F o] ert23t AR o] g 9l oA A4k ¥ F(2010)

45 45 o] & HF(%) ol =] A4t ¥l F(%)
Hpo] Qofj )% 2Hg! 41 73
EAEH 7B 10 9
A FAk=E 6 7
7t FAHE 43 11
cia=]

oA TAst= 7714 H7 =

= .
T

2 gHE2AN 5 A, A, FEA
A5 WS, 2011
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£ 2-11. 59 npolerts ZAE A

2 7 A174(2010)

I ] 7 =S Aol
A X H) €/7] 1,358,603 288,559 5,000,000
(AH 7= (ML /7])? (2,114) (449) (7,779
A %) H) €KW 3,087 1,529 6,140
(G x=gr2)! (4 L/KW) (4,802) (2,379 (9,552)
a3 AR €/m’ 643 209 2,922
A3tz £4GY 712 | HY/md) (1,000) (325) (4,546)
g W gk A ) €KW 610 251 868
(G948 71%) (4 L/KW) (949) (390) (1,350)
AEFYAn €KW 132 43 274
(G948 711=) (4 L/KW) (205) 67) (426)
Sp— €/KWh 0.036 i i
(Y/KWh) (56.0)
€/KWh 0.067
Blo] 2 o4 %] ZE-H] - -
belociz) =& (21/KWh) (104.2)
P R €/KWh 0.024 i i
(Y/KWh) (37.3)
€/KWh 0.033
7] ek - _
(Y/KWh) (51.3)
A €/KWh 0.16 0.10 0.31
(Y/KWh) (248.9) (155.6) (482.3)
e €/KWh 0.19 0.16 0.24
T (2/KWh) (295.6) (248.9) (373.4)
o €/KWh 0.03 -0.10 0.08
(Y/KWh) (46.7) (-155.6) (124.5)

F D EAr] 39 8FKW)S 7Fo g2 o
2) 1€ = 1,555.71<4(2011. 8. 28) 7| &=L 2 4+=3}Sith
3 A4 &9 AEFKWhE 7Eo & g

A= : [EA Bioenergy Task37(http://www.iea-biogas.net/_content/publications/member-country-reports.html)
o] =Y HaAjo|A AHe
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2. A2 sf2] wpolrts EHE Ve dF

7h @rlasriedd 53 sFS AuEd 9y A fFHe "ol ol &7]Ed

et 535 FAiEol Skt o ] FAe vi=d diEL 1EEI}E AT AAE

Zlgel Wk 5357F S7hsta ok wEbM -yt B3 AdSA F7bel7] dEel vt
A==

q
GBI FASHA 7143 28 FEIE A7 AAY el FUHE Ao Adn.

I = | =
v 812 = . o ————  O|2E0]
Qe Y HIOISTIA 018 W X
0 : B e i o : we gy
i . i RN
[ELS Katgnuog ; Qo lxsglnmw“ .
o= o & D98 UDW § 3z
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1% o1y 28 -a10% ®
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2 aeanay | AFH =AL | HO2 - BE
oo | gpuge- SITR ([ HE 34| am ASEt
oo (W, 2@ : 21223
- FEES i
Qo -0
(-, W 1 % SR 0% B B &% S u] aos a1 a1s az nz= a3 ass a4
:‘ EHER S LY
! =1 ] =
0% 2=2E0 e | 0me rrE—.
023 T Hio2ot 0 aem A *®
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LR Qg1s az qQF a3 Q¥ q+ Q95 QF o qes a1 Q15 02 a3% 03 0% Q4 Q45 Qs
BUBEF BEFTIRE

. =9l oln LSS SR B AAT AAEAEe] NTHAARA L qloH, 83t o]
A2 78 FA0l Aok tiExAQ dA s AL HES theoll aokstdth

(1) SONIX % ULTRAWAVE z&3} 7]<&

: SONIX % ULTRAWAVEALS] 23} A2 71&L 223 ¥A7|(sonotrode)E o] &3te] HAE
Z5e] F53t d4E ol8dte 7IE 357 300-1000 kHzQl Z=S3HE Aol ZARSHA 7kt
I Zhete] wkEED o] AAEE WFFcavitation)7} AT AY dEjolA A J|E
(cavity)&= ¢=o] oW A= FRH o2 y2 1g; 2] FAH I olof] W2 FA I} A
o] o e £ A|7F #yH. SONIX ¥ ULTRAWAVEARS] 253 7|4 f-Eugtd= of

k)
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|25l 23dn8o] AHEstH, 44 5 3o] Fhdstal Aldo] FHE
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=
I
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o

— VS Z&Fslks: 30-50%, &3tk 7 50-90%
(2) Crown disintegration system
. = 9] BiogestAloll Al 7§-E Crown disintegration systeme #l52] Heje] T E£3AE 11
402 FUAA cavitationS HAYAF]= WHOZ cavitationol] 2k &3 A vk Ye]= sonotrode
of FAsHAIRE AA|7F 2bdsar, wlgo] A s, X &&o] Fal, scale-upe] Hln A & A
o= 4HA A+ 20029 109 H<Y Tanusstein st )7l full scale= AX|g o= FH< 10

N AS srA el AxHol s =T AHHIE 0.5-3KWh/niolH A2 &2 tha3 2ol

VS Z&Fshg: 20%, 237t S7HE 30%.

o] Bl = HiE FAEHA|(RAS)O &8 7% disintegrated sludgeEs 229 @AYo Z ARE,
Hk-g-zo)| 4 bulking @ foaming AA, SVI 7§14 (110—-80), &5 F&AMA, 7]
(2,244 kglday), €814 ZAFsH20%) 52 &7 YTk By, Y Weisbaden 3}
30 RHH) &FHI8-2 144,243€/ Ao, AAA o]l wEkE HZF 121,785 €/d, &

A
75 €/doE &#A AHFH|E TAE A

Y
~

()]

QIgk o]9] 142.831 €/d, AtAL T A= 1% &3} 34,
elsttiEt= 155,048 €/\d 9] o]e]o] AT AL B}
Q) 71AA AA" 7=
C 7IAA AAY 7lee MEEo] Ad F e A ool 1 dyA A, Y e 3dY
S Jkste] AEE dyslE Yo g Ball Mill#k HPH(High Pressure Homogenizer) 52 o] A&
g 7IAA AAY Ve FabEolY RUEHRL whE So] AR kol A gl mXe FEFol
AL Aol AT H F fFAHIGo]l F2 HolH(20-120 kWh/n), B4 e & A7t
A= GHS A, ParadigmAle] Microsludge 71€S 4282 AAH3 oL 71t & 11802
4H-S 7HAA7]E homogenizer B E o] &3] AEHS B A7]E 7]&o|tHA&EEA], 2005).
homogenizerell 7}sh= 48-& oF 12,000psi (820atm)A =olH, Axlg] &8 v} o] By,
— VS8 5%, &3172~ 71 - 200-380%
483t 244 : Lulu st<=A2]% (Vancouver, 7Huth),
Chilliwack 3}4=*] 2]%HVancouver, 7iuth
Joint Water Pollution Control Plant 3t 2] LA, 1|=)
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D 2AS FAEPIe(EaE VertechAb2 FS5€8AE Y 294 21Q187I1 o) =
T 374C ool A akhet MEAA {F7ES Bilshe THoRE U7 2dEd wAo] gle(Ae
WA 2005). SFEE FES A7) YEAE ¢F 2km HEQ] holes AX|Ete]of kA, Yk &4
AstAl Aol mlste] A2AQfo 2 Aol zhHstH FEjR 9 HFAHYUAALE AEE = Sk £
ZregshgS 90%etal BaE o] Qs

(5) 384 A=

Db EE GEE o8 s1EhE A WL sty At 22 dAY fU1EY sl

2. ARAEE Z7HA717] Sistel /b ol AR Axe W Sl shie. Jhesh Avke 9B

)7} 4T <=8k, NaOH, KOH, Mg(OH),, Ca(OH), oA 747t 7P a4l Zles H
g, a2y shekE Al oJs HHE STHNE Ao, FAFE FstefEl o8 & dE
Y =] BAEE F A= Tl AUs

6) 2= A

D fr7lEe] 2o o7t AN o] Fallste] Adsk= OHfHZol o3 4 wh&l
oJste] EalHE= dEE ol 8T AT Wy, Ik oz OHefHZo] o8] A HET 2 Ao
2 dHA o] HTole OHtHZES A4 Bl o8 & o e 90l Bl /idd. && dAds

BAY AT 9 AEFS Ashsd avdelr £uA JA 8 wrdel g3 AN & ¢

w BT 2 g e tdede] udsty oEasrh e IEu LEAE R ste] A29
Fibzo]l AdE 4 dom At EA Y= AAYAA Bttt Bl s TR pHel 9
3l AMelago] A debAH OH=tHZ2] 735 el =Z(scavengen)dl oJa] AslE e B-= 3

— &R AFEEL 30-40%2F RaEo] QoK Kwon et al, 2001) IE FupdEe] 800
ni/E A oA TFEeE-S 70%ekal B
o A HE griasd vXs 9

3
ol Quj A~ HAA g 7|E¥H #7]4agd vX =

rN

52 mhE 71E AT AAE AR
AMAOR ATRI B AA/Ee 2, G, vlolaTw, - AP B9 sl Qo

M, o]59 "ol A= Fras Al dEdA 27], 19 frled] VeI A=, 9

o BAL ANY 5 At dEAH B Al AXYHRN f71E
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AZE 1.90 68.56 16.71 12.83
170 0.66 67.27 18.75 13.33
R 200 0.51 66.95 19.38 13.17
Tl 220 0.38 64.90 20.75 13.96
250 0.27 57.68 24.92 17.13
270 1.50 58.25 24.06 16.20
AzE 2.16 62.38 21.12 14.35
170 1.10 5451 26.66 17.72
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C(%) H(%) N(%) O0(%) S(%)

43.95 6.27 4.43 29.23 0.67

45.42 6.10 4.01 26.77 0.00

PR 49.38 6.34 4.22 24.05 0.00
52.72 6.45 4.08 20.62 0.00

53.24 6.06 3.95 17.06 0.00

o4.77 6.06 4.46 15.53 0.00

39.40 5.53 1.83 37.53 0.35

41.60 4.68 2.97 21.35 0.43

45.07 5.05 3.05 20.88 0.42

47.07 5.29 2.99 21.87 0.40

48.38 5.05 3.17 16.20 0.41

50.56 5.00 3.32 13.44 0.40

43.11 6.20 1.84 35.11 0.48

45.35 5.34 3.56 29.63 0.65

P 48.83 5.16 3.39 23.32 0.58
49.40 5.46 3.45 24.20 0.66

54.05 5.25 4.28 16.71 0.48

58.23 5.40 4.66 13.56 0.95
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REE E22 24322 FT-R 24 & E938 A
Aste]l EARZAR f71E Atk AEsteE WS o] &3tATh A ALE g FT-RA %=
a9 3-25 ~ 279 JERRQY. AAYAE] FT-IREA A3 dFis) dhseso wE &5
H f71E9 55td EA wste muetanh. dAALES] 14 B4 930 E9IE AAS
2} 1,440-1,335 cm™ ¢} 1,650-1,550 cm™'¥lo] EE]E ATt o] 3
Aol Astr] W&ol HAYLES F7IMbe]l gF FFEol JS AR JiHT. A=
HPLCE o] &3l A AE2] acetic acid 52 =43 A3} 4,000 - 5000 mg/L FFO2
AEFE AT =3 DAWAE FT-R studyZ2Foll A s i8] whe257F Folydd oie} WUk
23513537 AFE o} AHYAESY FT-IR studyZ23 1,605 cm™} 1,034 cm™e] <o A
peake] HEo] e ACRE wFo] WFZsFEo] AAYER LaHE F HHIE Ao

2 agdn

Pﬂ

o2 aliphatic carboxylic group<]

Jm
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Intensity(A.U)

T T T T T T T
2000 1800 1600 1400 1200

Wavelength(cm™)

a9 3-25. & dEs) dAYES] FT-IR peak 3}

Intensity(A.U)

T T T T T T T
2000 1800 1600 1400 1200

Wavelength(cm™)

a9 3-26. AYEd A5 AAYLES] FT-R peak ¥}
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Intensity(A.U)

T T T T T T T
2000 1800 1600 1400 1200

Wavelength(cm™)

a9 3-27. 4L 5F deael dAYLH=2] FT-IR peak #3}

a9 3-28dlv =& EEs F dAste A AgkEC diste pHEE dZEEE UE
ol e =s 5o EAste Fa0l2H'S FT8A1717] Y3t W88 5 e ol
FFS Ut fPde FAEARE $4SEOH, FHAFAMHCO), BAHACO) ol 9
k. drbd oz Ao A9 FEEAHCO ) 23 G| ==Ho] R ot} 4k& 3}
NZAS e 588 24 A 33 e CaCO:E $4+ste] mg/l as CaCO;2 EA 3T, 33
2 pHE ZAS A3 RhE2EHE oY d9Ql 5.0 7 6.0 B9E Ze AL FAsaen,
e e AYsH A % 170ColA 9F 4,000 mg/L as CaCO3 #< Holthrp wh&-
57t molALE ZUhsithrl 270C oA Ha kel ¢F 9,500 mg/L as CaCO;= e AT
ST AdsFY pHF AAH g2 Fa4ste AL d5Es vSA fFrlEe] &3

>~

=l = of
o) S EHA(CO)7} WAIThe] A £O = molSolsl HW 44 A He Aoz Buw
. o714 SAEE HCOyE BA712A 442 Jeplnl, ol 4 ss §ists 528
Hol7 = &},

COy + H'O = HCO; + H'
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T-N Conc. (mg/L)

9.0 10,000
1 pH —=—8= Alkalinity —=— &= i
8.5 —=— A —o—d3 - 9,000
| —— o —a— 4 g -
8.0 L 8,000
] L 7,000
7.5 |
1 - 6,000
7.0 L
- L 5,000
6.5 L
- L 4,000
6.0 r
| L 3,000
55 I
] ] ®/§ - 2,000
\ -
5.0 R— % —
e % L 1,000
45 . r . r . . . . . . . 0
160 180 200 220 240 260 280
Reaction temperature (°C)
a9 3-28. Hkg25 mE pH % <z = Wt
10,000 2,000
1 TN 8= 71p = &= i
9,000 —a— A —o— N2 L 1,800
i —x— N o —a— N d L
8,000 L 1,600
. ZQQ/X L
7,000 / L 1,400
m X L
6,000 L 1,200
. X L
5,000 / L 1,000
- . o . L
4,000 - /g\g L 800
- ®/ -
3,000 . L 600
7 A— L
2,000 - 400
- o L
- A, -
0 . r . r . . . . . . , 0
160 180 200 220 240 260 280
Reaction temperature (°C)
9 3-29. ¥k 5o wrE T-N, T-P W3}

(1/6w) Anuifey v

(1/6w) "ou0D d-1
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¥ 3-14. #F I 9T A 2 AMFE 4
A& 1 ton/day
H3-7] Continuous reactor (Loop type)
Hh&-7] A SUS 316L
Max temperature 400C
flacpad
Operating temperature 150 ~ 250C
Max pressure 50 kg/cm®
W8-S
Operating pressure 15~ 25 kg/cm?
7} 714+3d main reactor with T, P control and agitator
Reactor agitator : Static mixer (SUS 316, Blade: Ribbon)
Knock out vessel (SUS 316L, 32L, Max pressure 10 kg/cm?
Product storage tank (SUS 304, 500L, Max pressure 5 kg/cm?)
Steam recovery vessel (SUS 304, 100L, Max pressure 5 kg/cm?)
W] =a i Discharge control valve (Pnumatic cylinder, Globe pattern)

Pressure transmitter

Electric positioner

Heater

Hopper and screw conveyer

Mono pump (10 ~ 50L/hr, Max discharge pressure 50 bar)

Recycle pump (1 ~ 50L/hr, Max discharge pressure 40 bar)
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3¢k 185C, 4%k 240C, 5, 6T+ 250C 2 A +AFHATH WH 482 40 kg/cm*o. =
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1< 2 3t 4% S5t 6t
Heater % 200C 250C 250C 300C 300C 300C
HES-7] Wi E | 200C 200°C 200°C 200°C 200°C 200°C
Mono pump 15 Hz
Bridge breaker 10 Hz
Hopper Agitator 10 Hz
Main reactor ¢ 20 kg/cm?
Ist knock out vessel$+® 15 kg/cm?
Gear pump 5 Hz
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7| 2% 25T
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. _ Cp(specific heat) : 4182 J/kg-k (water)
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dHd =% : curve fitting function (w/m-<C)
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L/D 1.5 2.5 4.0
D (mm) 443 370 318
L (mm) 650 930 1,260
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B (mm) 240
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generator
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2. 250°C, 50 bar
3. PLC HMIOH
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R-200
R-300

REACTOR

- MAT'L : A312 TP 304(S), A312 TP 304(J)

- INTERNAL TREATMENT : ELECTRO POLISHING

- DESIGN : SHELL/JACKET

TEMPERATURE : 4001 /500C

PRESSURE : 50kg/cm2 / 10kg/cm2

- DESIGN CODE : ASME SEC.8 DEV.3

- L*D =1 : 2.5 (ELLIPSODAL)

- TYPE OF GIRTH FLANGE : OCTAGONAL

- VOLUME : 30L

A-200
A-300

AGITATOR

- TYPE : MAGNETIC SEAL

- POWER : 2.0 kW

- IMPELLER TYPE : SCRAW PADDLE

- IMPELLER LENGTH : 600m

- IMPELLER STAGE : 3 STAGE

- MOUNT : FLANGE CONNECTION

- IMAT'L : A182 F 304

- INTERNAL TREATMENT : ELECTRO POLISHING

V-500

PRODUCT
VESSEL

- MAT'L : A312 TP 304

- DESIGN CONDITION

TEMPERATURE : 400C

PRESSURE : 10kg/cm2

- DESIGN CODE : ASME SEC.8 DEV.3

- VOLUME : 50L

V-400

HOT OIL
BOILER

- MAT'L : SS 400

- DESIGN CONDITION

TEMPERATURE : 400C

PRESSURE : 10kg/cm2

- DESIGN CODE : ASME SEC.8 DEV.3

- VOLUME : 30L

- HEATER : 15kW

HOT OIL

- THERMINOL 55

P-900

HOT OIL
CIR. PUMP

TYPE : NON SEAL TYPE

CAPA. : 1000LPM

MATERIAL : SUS304

DESIGN PRESS. : 5Kg/cni

DESIGN TEMP. : 350C
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®3-32 G5B AANGE QARA A3

HS2 5 TS VS Alkalinity COD¢r TN NH3-N H
(C) (mg/L) (mg/L) |(mg CaCOs/L) | (mg/L) (mg/L) (mg/L) P
200°C 51,030 40,850 3,573 61,150 4,542 1,005 6.16
220C 50,330 39,250 3,755 69,750 4,291 1,162 5.52
250C 62,995 53,135 4,550 95,850 4,684 1,571 5.75
270C 48,410 38,130 6,190 75,700 5,178 1,939 8.16
¥ 3-33. Gompertz equation < ©]-&3% BMP test 23}
T = Y =(80m) CH,4 production CH, /added VS  R.sqr Rm
=Rk
28kl
o A A AL S s} ml L/g ml/d
Blank 0% 100% 264.8 0.14 0.98 7.2
10% 90% 287.4 0.14 0.97 8.1
200°C
30% 70% 319.9 0.14 0.96 12.1
10% 90% 296.4 0.15 0.96 8.4
220C
30% 70% 314.7 0.14 0.97 14.1
10% 90% 318.3 0.15 0.97 8.7
250C
30% 70% 320.7 0.12 0.98 8.4
10% 90% 280.7 0.14 0.97 7.4
270°C
30% 70% 285.3 0.13 0.98 12.2
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60 - === Average
wsfl=» Sonic

20 A

d(0.1) d(0.5) d(0.9) d[4.3]

() s nAdL = 54
Pilot plant Ao 23 =& WS LA EY F FE 40%TFY LAYNES =

st 1P AR 54L& Loty 95t EAE B 23 FES AT Adx 1¥=2
[e=]
=

ne

o, o wel aeEd o]l oF 5,200kcal/kgo-= UEFET

F 3-34. aAANE] AGEA A

Classification Contents Pig manure

Moisture 0.4

Proximate analysis Volatile 64.9
(dry basis, wt%) Fixed-C 14.0
Ash 20.8

Carbon(%) 53.1

Ultimate analysis Hydrogen(%) 6.5
(dry basis, wt%) Oxygen(%) 20.6
Nitrogen(%) 4.2

Sulfur(%) ND

High heating value

(kcal/kg) >3
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YEE 2570 GAYHEAAE oF 130 mgLE v WA vhebde mgich

5 & TCOD¢r SCOD¢r T-N NHs;-N T-P
¢ (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
B A A AHE 74,000 50,000 8,100 2,000 130

7o vlae oA YeRd niel 2o w2l CSTeF TTFe H7l WS o&
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FAlol = 3,846.2kcal/kg ol A
H3lE Rolx E3YPT o= Ax

y a2

¥ 3-36. k&2 A9 pilot plant & & uA|YAEo] EA W3}

High
Reaction Element analysis(%, Dried basis) heating
Sample temp.
(C) value
C H 6] N S (kcal/kg)
= Dried solid 38.78 5.74 21.58 6.58 0.54 3,846
<A
(&=
A o] =) 200°C 41.33 5.11 9.57 7.18 0.05 3,758
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d7)astol e A8 e Uolny] S8 nARH el FARNS AYW A% =
3-37914 B mis} Lol §718 HEE o 70000 mgloE EEI fASAL 1 Fe
$E8 RAT V8 B BAE 44 Avst EHE B HoE Hop e

pilot plant= &l 1ol THARSY} D nlo] 9t xske] Ao TEol HE A5 & Aoz
aeE .

¥ 3-37. k&2 A9 pilot plant & & A YAEo] EA W}

B A TS VS SS TCOD¢, SCOD¢, T-N T-P NH3-N
A4kE | (mg/L) | (mg/L) | (mg/L) (mg/L) (mg/L) (mg/L) | (mg/L) (mg/L)

200C 64,390 | 58,690 1,370 74,750 71,250 8,650 370 2,540

U} 71&# 71 & 9] pilot plant €52 E4 7}
sy R AEA Do AR E EHIE 2 o PR BAEE T4 H )
A o] H7HE YAt

o] pilot plantell 2 &3l7] 93 A8 28 1A 93 CAHIA HHI A2 A
Fom, 4L o 82%8 =R FESE A GAE S AU A B2 AFLStEThH
ANH3 & =AH7E QA pilot plantel]l HEE71Ye HEers AFAFRAA HSLTY

2 AYHAY APAHE AHYLE 10CE 7202 d5cdAe I5Ede 5T =0

o

== ol&sty d2sl pilot plant A HE<] T

EAHZIE 9A pilot plant dEaFFol AEste AL TAJUTL BEHAS

EI AFAES JHAE BHEEr] He 1Ry & dAYNES] dAaEAS Y3 A
°F 59.54%° ©AFFo] 61.26%%E °F 2%8 %= FUiete AFS FdsATh 1Eu B I
AE T3 aLdFe SAAHE st AodA e ook vEA 6,726 keal/kgoll A 27
2alE 53 nABLE 7,159 kcallkge =2 FUlste AEdFS e 22| 7HA7} s
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® 3-38. =AIH 7] =29] pilot plant &%

re3 A]

E
F 549

s}

High
Reaction Element analysis(%, Dried basis) heating
Sample temp.
(C) value
C H 6] N S (kcal/kg)
Dried solid 59.54 6.24 6.28 5.68 0.00 6,726
SEA 7]
(&
e 190°C 61.26 8.54 8.98 3.45 0.00 7,159
SAEZE FA Fr4gdd dig HE4ES dolrr] 93] nAREd gEde SR
S 2P Ay & 3-3994 He vke} Zo] fr71ES] FE+ 9F 100,000 mg/LoZ E=Ho|}
ste@Ash vims) B o o 30000mg/lL7t B Ee #718 FEE BT Fdaol FFo)

B 71887 Eel HE A 52 w55 Ui ew, 11 9 ZE B &A= & A
o] gl YEhdS Flsdth. &, Z=AEZIE A pilot plantd & oI A AFoll A 9
Z 55 HojuA Fol nFARe B Hlo]orbaste) X Fg glo] A& Jle & A=
FE o
¥ 3-39 =AH 7] &2 pilot plant A FT AAYEL] EA W3}
B A TS VS SS TCOD¢, SCOD¢r T-N T-P NH;-N
A4k= | (mg/L) | (mg/L) | (mg/L) (mg/L) (mg/L) (mg/L) | (mg/L) | (mg/L)
200C 62,160 59,100 975 102,500 97,000 13,850 78 3,270
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¥ 3-41. Pilot plant H7 Y2E

e
> fo

3) LI 4140 ) Azl gl =|d A
HIBEIEIRIR R sora i nd 2205 3 A
71
o RE A/ ® o &
o Wzt e Az Wzhr] e o ] d
o AN A | @ e
() 2E 2] ® 500
o oY Yzt Ag FEFAE/9E L AN 500
o Wzt7], o=, Wyl E(ventilization) | @ 500
He EE 2¥Y(50-100~17H o 500
o A7) A2 o 500

S, Tt e, DR, 9
e ) ) 1000
(HA$ 500417 AL )

F718H, Fass@u1Ze ot

F’Q
o
N
ko
P~
Ll
w
'z
El
i—",
>,
—
tol
=
i—",
o

500

] 1000
500417 A& )

o BE ZA/A ] 1000

[ 3000

o
o%
&S
S
o

(A 600047 AR F)

- 178 -



O A7 Ao 4wl gair] dAFHo] Py AEHow BAsid o gol B
293 GERe B, A, AA7) 25

O @4 - QA7 AAHAY HHARA DA, GehA ATt B A ZA o
s, 9ol os WMo £l WA

O 353 4ol AR/ 529 Do WAt ¥ Bo] £4H o] YT} 1.

O 4 : =4 olole) 2ol WFsF s2t Aoz TR AR EAlSY waw,

O 29ba « 292 AANY 4718487 A8A BHSY, WEF7NE AesT §H7 A

€2 59 = AR

of & & A& AFol AHAAFY F, cleddTE FrIEdd Ao

shofof 3.

e
=
[4>~
ojf
flo
Dad
>
ofo

O ol A WS A71BE Fol By shag AEsels Haol qUA} H4 gES

Argatoof s, WETEZ AAH o} F

- 179 -



I

o]

A

ol Athel

BT AEE

1

T

3}

(9]

o WAy
b ARAY glol Aule 2

=

NoBZ HALERZRE WA
[

I

&l oF

S

%]

3|
i=|

=

=

1 2 od A(work area)ol Al AdS
- 180 -

A 2Ed wet AH|

3|
o

E-Z(sparking), E(fire), Euli(smoke), &
[e)

1

T

A &= =

)k
.

Hu &2of

] AA

3f oF

S

3
o .
omAY FHE kA T4 (save area) o= Ad|oF g
=
_‘?‘_

ashok .
2142
D A

3ff oF

O A BlgAel HA7HsE A=

O okl 7 ol A
O Ad#el R
O Azt An 9 A4 o3

O H



o

o

4 _ N
ﬂ.mm
ol @\ -
e
of |
K N
ﬂmmim_
o
mﬂ,ma_wn_u
Of ! Of =

“_m_m_L

[ I & =

\mom
IH !

o} !

31 |

mfﬂw
R
Ki Vg7
od i oHaH
iﬂ“mLmL
o | B0

1\ "

od
VN
ol 5O
iod O

K

ofF !

= |

w50
<0 ! o
._ﬂmux:__
O | of L
ol | oldl
._..A.ﬂ“.mﬁmo
T Arxd
x._“m_w.n
%0 |

ol !

o |
— 1 <
om_mmo
=1 O
ROE
"
<"
~ I
™ | <

TH

<]

7
o

19 3-96. Pilot plante]

- 181 -



> A

(2) A

% 2o
ol o )
ol = ®O R
7 —
® AE < oo ® o T
) R T owra o F e R0
H 3 { —_~ R o o
- e R o
—_ —_ o _.E_v ﬂ .Nﬂ ofn .mﬂ
X fue 3o N T B T FHOT
) ™ OT X A_l E._o OT o xr ‘_|§_v1_
1 1% = T RO A 37
- i o e R 2o N T
o G w X < =3 RO
T TR H o~ e N T W - K oy T K
0 == TO — _ o o )
Geitz | B Bpizz | 3| £fi:
o AR B TIAR TR RO i R o © R
m‘f ﬂ@dﬂa e ﬁﬂ,o_i ﬂﬁﬂﬂdl ﬂor S ﬂArO\mﬂOL
7o Mo P T RRCIEINC T Fiowa
R Jom T T %0 T %0 Mo Tl N T RO BT
AT o T N RN op K
Bl
o - NI K
5o N A 2
HT_ v ~ ﬂu Ry _z__n
e N 7 = T o
X’ Ul ] D
Ly o - i X o XS
‘_.ﬂ_l X ~— o]
> of 3 e
=

- 182 -



A6 A Frasr|A(EaEs] dAYE)Y 54 HIt

E AToAE ERY d5Russ B fEHE d5ps) AAgase ossy 5

3 3-42. dEs dAgN= AERAHY B e

NE 71Z el vk
A 200C 1A%E
B-0 220C 1A%k
C 250C 1A%t
D 270C 1A|3E
B-1 220C 1A%k
B-2 220C 1A%k
B-3 220C 1A%k
B-4 220C 1A%
B-5 220C 1A%k
B-6 220C 1A%k

. B4y

i AEe olsted EAE EAsH] st AAA(C, H, O, N, 5 & d4EA47]
(EA1108, Thermo Finnigan, USA)E o]&3st] EAsglom, A5 3istd A4 &4&
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Standard methods (APHA, 1998)ol we} 4ol %(pH), F31% E(total solid, TS) &=, 3
4 1% = (volatile solid, VS) &%, & 3483 4t4~Q 7= (total chemical oxygen demand,
TCOD)# &34 3}ea 44 Qe 3 (soluble chemical oxygen demand, SCOD), F& 4 (total
nitrogen, TN), ¢Zg] = (alkalinity) % = UYolAd HANH;-N) $HFe 2435190

ok i AAYES] THEEE
QR AAYLRE F718 FHEHEE Ma et Al 01D HEADE B3] Aatd

o}

(OODS_ CODS())

71271888 (Scop) = coD, @
3. 5497} A%
7F s QA YHES] stshE 54
¥ 3-43. Q53 AAYIE FotE 54
_ TS VS TCOD T-N NH;-N Alkalinity
71& pH
mg/L mg/L as CaCOs
A 6.16 51,030 40,850 62,050 4,542 1,005 4,173
B-0 5.92 50,330 39,250 69,750 4,291 1,162 4,803
C 5.75 62,995 53,135 95,850 4,684 1,571 10,503
D 8.16 48,410 38,130 75,700 5,178 1,939 12,320
B-1 5.03 48,622 39,133 | 106,300 7,348 3,164 7,267
B-2 5.07 18,643 12,533 90,700 6,402 2,753 7,342
B-3 5.03 18,643 12,533 106,300 7,348 3,164 7,342
B-4 7.78 29,945 24,967 54,400 7,915 4,209 9,250
B-5 6.90 38,033 32,980 61,800 8,179 4,369 8,833
B-6 6.91 37,160 31,600 61,800 6,277 5,225 4,900
S 6.23 40,381 32,511 78,465 6,216 2,856 7,673
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Q5Ra WG LET 2000 el ME WgLEst S7ho] uheh A YT B8
4 WE FUSAE goud $4& FEsb Z/A olu) FEUhy dael ug =

(LR
O

o #7143 A AFHARI} =o}A Ao

d
N

dl A=, E3 VS/COD Bl & 23

Ll

THNE T 8EY A7IEY HlEo] s WMgeErt 238 Ay i #r14s
1
=~

F 344 A R s dAdd=e] sty 54
R
gons BEEE VSITS VS/COD TS/COD NH;-N/TN
200C 0.80 0.66 0.82 0.22
220C 0.78 0.56 0.72 0.27
250°C 0.84 0.55 0.66 0.34
270C 0.79 0.50 0.64 0.37
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A7 H deis] A= dras 54 B

2
0
o

S~

>
i
lo
N,
B
b
A
oX,

S 97}sla2x BMP(Biochemical Methane PotentiaDAl &S 233ty

A
7k EREY &39S AFs 2mmA 2 FFES AAT F 38C 5L AV7t=E AA
st Aol Abgstt HEde] dAAdS fste] dfES AAsI e 38CAA 77t~
ol AAE HAFdeor 7y DR vt Fe dFS ALt Hste] A

(2) Wety4F Held Alg (Biochemical methane potential assay)

AEE FERne 1S dFdsste] Aad dads] dANES A FUIs7I
£ o] &3le] 38T oA 73¢3t viF3stA Tt (Hansen et al., 2004). A& (inoculum, D F4HE

=0t AE TS A QMY 49 dUastxoA L8RS AHT F 8UIE 38T
N 7] WAL, AT E A AT F APl FASAT. BMP A4S 93 32 ¥
719571 160 mL serum bottleS o] &3t BMP Ald<S #38) 7143 HEHe v&g H
r7jEo = 1.9, 3.7, 55, 7302 ZAste] FHstROH, BMP A @2 Z47}e] Wkl FH]|g
Hh3-oS 80 mL 4 Fdstal 3 RkRom ST A FVIRESIIY ASHE Ny 7k
£ X8t F71A AdHelA & "HAA F2G8C)ANA wiFstR on, wgrIX

O 7 npo]l b A vlo] et QS FAHSAT. ARE JUAaEAL S Fefstr] ¢
st BMP Al@oll A v 713E T 74 WggSAdS et o, 723 Waga=AE 4 Q)
Z+o] Modified Gompertz model (Lay et al., 1998)2 o]&3te] XA 3}t wetyrka4 Qlxt
=< A SR

i)
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R

7n><e
e (A—t)+1” @

M= PXx exp{— exp[

2l (oA M& +7& w4k (cumulative methane production, mL), t= &7]wj7]zt
(days), P= wlebA 4k el 2 (methane production potential, mL), e= exp(1), Rm<& & oo g8
2H4: % (maximum specific methane production rate, mL day-1), A+ A A& A7 (ag growth

phase time; days)< YERAT

@ Aluminum cap
- Rubber septa

/

/ \\ Head space : 80ml, Ny& 7l

[
ol
=

Substrate / Inoculum

160ml Serum bottle

19 3-98. BMP(Biochemical Methane PotentiaDAl & ®H-2-7]

(3) o] &4 w4

el ghE=d AAAYE] o|E2 wgH el d(Theoretical Methane Potential, By)4F
22 TAARY dAEHANE 7|22 Boyle (1976)2] #7159 #7134 B33 2 (D&
o] gsto] FEfEAom AEAT. 4 ol Y8 AEFH= Bae 0C, 1 atme] FEZH ol
A VS (volatile solid) $&& 71Fo2 G9F71E5F vertxo o (Nm*-CHy/ kg-VSiwed &2
EA 8.

4c—h—20+3n+2s
4

a’,]{h, O()]Vn Ss + ( )HZO -
dc—h+20+3n+2s

8

(4c+h—20—3n—2s

3 )COQ +nNH; + sHy,S 211

s

(4c+h*20*3n*28)
8
12c+ h+ 160+ 14n+ 32s

Bth =224X
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e A HEE =S 93 3R drHrer]o] WAl AE 2% 3Fabol resazurin 0.1%E

FfatE SRR 7t22HIE o] &3AT (Willams, 1996; Beuvink, 1992). Wb 4

flo

TCD (thermal conductivity detector)2} HayesepQ packed column (27 3 mm, Z°] 3 m, 80~
100 mesh size)= A2+t Gas chromatography (GC2010, shimazhu, Japan)g ©]-83tHom, =%
T (injector) 150C, ZAHH (column) 90C, AEYH (detector) 200C &] ZZAANA Ar 7}2E ol&
o2 3t {4 30 mL/minol| Al #2435t} (Sorensen et al., 1991). o] 22 w23 €l 9
9% "YA: &5 (C, H, O, N, 92 ¥d4E47] (EA1108, Thermo Finnigan, USA)E ©|
A8t vlolemf~o] 3}8hA A4l Standard methods (APHA, 1998)ol whe}

&oleE% (pH), 1Y E (total solid, TS), FHAH 1FE (volatile solid, VS), F3}3H=4kA
L7 (total chemical oxygen demand, TCOD), &3iA 3 s&2427F % (soluble chemical
oxygen demand, SCOD), &# 4 (total nitrogen, TN), ¢4=UYolAd ZAAL (NH:-N), ¢Zd=
(alkalinity) S 213} A T}

/1\_]__

T
tlo

_hoif
I3

0 Ej'l— A=

ES25 oA TS 6.3%, VS 5.3%% 7H% =
< 18E FFS YepWloen, TCODS SCODE 2+t 9.6%, 8.8%% 7H =& f7& &%
eIt E5E38 vhs 25 f71E9 U183 AEE HEW SCOD7F 250C oAl 98.9%=
7 =oy g E REE % (200C oAl 98.4%, 220C oAl 98.5%, 270TC oA 98.6%)<t HlxLs}

AT A5Es) GAAZL 25009 ¥

o
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of Z xo]E Holz Fokrh wEka 200C~270C ¢ d5EalE 98% ol FELSHE F9
F71E8S N3N F de 2oz et 747 HEge oA dojxl dgRaE) AAAY
Bn2 HEs2%9 F7let A F7ske] 200C, 220C, 250C,
270C ol A1 Z+zF 0.631, 0.634, 0.705, 0.748 Nm?/kg-VSuuea® UEF} ©FAI0] 2 o] 22 WAy
A A9 0.518 NmYKkg-VSuea®t Blmdle] 2o F£X2 BYy. 24 2 ulFdio] gt
S ¥ 3-46.90 JERAATE 200C oA ZheReErt AsstEA 250C/AAE 2F, 2, U
EFK, Ca, Na)o| o] dssts Aoz et o 270C ol A= 200C ol vlste] 23] 2t

=57 1 A= H3dew HFe), rtavlsMgE Esll&x

2
e
1o
o
r
I
=,
!
o=
r
E_
mﬁ
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# 3-46.

d5rs) e

A Ybzel 54 H7t

Reaction temperatures

Parameters
200C 220C 250C 270C
C 45.1 47.1 48.4 50.6
Elemental composition . o1 > > >0
Gl %) O 20.9 21.9 16.2 134
N 3.1 3.0 3.2 3.3
S 0.4 0.4 0.4 0.4
Bin (NmM*/kg-VSadgea) 0.631 0.634 0.705 0.748
pH 6.2 5.5 5.8 8.2
TS (wWiw, %) 5.1 5.0 6.3 4.8
VS (wiw, %) 4.1 3.9 5.3 3.8
VSITS (%) 80.1 78.0 84.3 78.8
T-N (g/L) 4.5 4.3 4.7 5.2
NH;-N (g/L) 1.0 1.2 1.6 1.9
TCOD (ww %) 6.2 7.0 9.6 7.6
SCOD (yw %) 6.1 6.8 8.8 7.3
SCOD(%) 98.4 98.5 98.9 98.6
Alkalinity (g/L) 4.2 4.8 10.5 12.3
3347 e 228 HA|g4bE 2 318k 4459 (mg/L)
g=Z| K | Ca|[Na| Cd| N | Pb| Co|Zn | Hg | Cu| Cr | Fe | Mg | S
200C| 440 | 138 | 187 | nd | nd | nd | nd | nd | nd | nd | nd | 50 | 254 | nd
220C| 622 | 324 | 245 | nd | nd | nd | nd | nd | nd | nd | nd | 48 | 301 | nd
250C| 1,747 632 | 312 | nd | nd | nd | nd | nd | nd | nd | nd | 51 | 516 | nd
270C| 268 | 546 | 305 | nd | nd | nd | nd | nd | nd | nd | nd | 38 | 270 | nd
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= 3-48. FEA 3ehE 54

=1 10

!

pH TS VS CODCr SCOD T-N NH;3;-N Alkalinity
BWIW) | %BWIW) | %wWIw) | %(w/w) g/L. g/L. g/LL as CaCOs

7.53 4.29 2.37 4.59 3.95 4.33 3.13 20.85

AgEsl HAYES] FUASELES FoFstr] fste] el 252 dEs] HAA

=< 7] & (subdtrate)s} A FH(inoculum)e] H] &S

el 324 F7-groA dr148 st

iV

3-49. AES L= AAYNRe) PEATe] EPUS

glsted (S/1 Hl& 1.9,

3:7, 5:5, 7:3) 73¥

T & Al 57 (ml)
e 73 A 53
A& A& H] &
N A A A A A A=
10% 90% 8 72 1:9
200 30% 70% 24 56 3.7
50% 50% 40 40 5:5
70% 30% 56 24 7:3
10% 90% 8 72 1:9
220C 30% 70% 24 56 3.7
50% 50% 40 40 5:5
70% 30% 56 24 7:3
10% 90% 8 72 1:9
250C 30% 70% 24 56 3.7
50% 50% 40 40 5:5
70% 30% 56 24 7:3
10% 90% 8 72 1:9
270C 30% 70% 24 56 3.7
50% 50% 40 40 5:5
70% 30% 56 24 7:3
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a) 200C

300 A
S/ ratio
eyl @19 %
- 1 .
2 o 37 % % %
= v 55
g 200 - v é g v ¥
o
5 4
2 150 - 5
£ o
<7} ¥
E Q
2 100 - v &
= ogo O O O ©
5
g QOA ® ® . o
O 501 QQEQ%OOO o ®
ol
0" T T T 1
0 20 40 60 80
Fermentation time (days)
a9 3-100. 200C &3l AP =] EdH] & IE AW
b) 220°C
300 ~
’_g 250 A
= vy ¥ ¥ 4 v
2 ¥
B 200 -
=)
o
S ¥
(5]
_E% 150 - é
b5 v
£
(5]
% 100 v 5 a
= o000 O © g S = g ®
3 50{ jecgiesse s ®
ZX&A&A&A A a & B
O T T T 1
0 20 40 60 80

Fermentation time (days)

% 3-101 220C Ews] YA Y=o EFH sl WE T T
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100 -
.* ° " .
eccce ®® ¢
50 ..0 o o O
aewee 0 00 0 6 6 ¢
0 20 40 60 80

Fermentation time (days)

3-102. 250C A5a) AR Yo Bt go] we

d) 270C

300 ~
250 -
200 -
150 +

100 -

Oooooooggg ®

50 1 G0Cec0 00 ©

N AT L LI ICEN.

Cumulative methane production (mL)

=} o gh4) 4

® O

>4

0 20 40 60

Fermentation time (days)

3-103. 270C I3l HAYIES] EFH S WE
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200~270C o WHgEoA It d& A dFEs] AAYES] HEPLEA,
Hsvig s dd, g7 715 &S 3F 3-500] YeElgT. d5EE] A gskEe
USRS Fostr] 918t BMP Alds &3l 42 AW e84=d-& Gompertz model
S ol &3t AT A 200C s HAYLHELS S HlEo] 1944 7302 F7hgho|
ot WgRyAEE (P)o] 53.4~267.2 mLE Z7}st9, HuWetdAEE R)+= SIS 1.99
3794 5.0 3.0 mL/day< EFom, S/HE 559 7:3914] 9.43 8.0 mL/day< HFTh =g+
S/ vl& 1:.9¢}F 3:7oAe AALRZ7IZE (A)o] YEPA eFkon, SIMIE 5:5¢9F 7:300A4 7.1%
8.8 day= A AAA717to] A AAREHAT 220C IFES A Y4HEL S/ME 7:3S A3t
I 200C Eis] AAALNES FARE AFS BT T 250T & 270C oA o] i3]
A YLHEL S HE S7F U1 FAFS] S7PdE Esta Mggaeke] Hasks A
Atk (2" 3-100~103). &3] HA A0 wggLkeFo] 250C ¢ 270C & Asl] A Y4
EollA A FolEv AFS BYow, TG AGF Y FEHE JERH O] 250T
e} 270C o] dis] HAYNENE Fr1HE 5ol Folgd o= FF fFrIEC] A
t o2 AEHATH

o

£ 3-50 AR AAYES HEA EF vgo] B WTYEY

Reaction S/ ratio By MP Bu/Bn P R A
temperature vv) 3 3
(C) VIV Nm®/kg-VSageed | Nm®/ton % mL mL/ton days
1.9 0.197 (0.012) | 8.1 (0.5 | 31.2 | 53.4 (3.7 | 5.0 (0.6) 0
200 3.7 0.141 (0.004) | 5.8 (0.2) | 22.3 |108.0 (12.9)| 3.0 (1.D 0

5:5 0.125 (0.006) | 5.1 (0.2) | 19.8 |204.9 8.5 | 9.4 (0.5 | 7.1 (0.2)
7:3 0.111 (0.017) | 4.5 (0.7 | 17.6 |267.2 (45.1| 8.0 (0.7) | 8.8 (0.9)

1:9 0.231 (0.033) | 9.1 (1.3) | 36.4 | 61.3 (8.2) | 5.7 (0.6) 0
290 3:7 0.121 (0.014) | 4.7 (0.5 | 19.1 | 84.4 (4.6) | 5.5 (0.1 0
5:5 0.146 (0.004) | 5.7 (0.2) | 23.1 |237.3 (7.8) | 72.5 (6.0) | 8.6 (0.6)
7:3 0.061 (0.015) | 2.4 (0.6) | 9.6 NO NO NO
1:9 0.221 (0.020) |11.7 (1.0)| 31.3 |83.1 (10.0) | 3.7 (0.8) 0
250 3:7 0.049 (0.011) | 2.6 (0.6) | 7.0 |82.5 (22.9)| 1.2 (0.2) | 10.0 (1.3)
5:5 0.006 (0.000) | 0.3 (0.D | 09 | 13.8 (1.0) | 9.6 (8.3) | 12.1 (1.4)
7:3 0.005 (0.000) | 0.3 (0. | 0.8 NO NO NO
1:9 0.200 (0.005) | 7.6 (0.2) | 26.6 | 54.0 (0.6) | 2.9 (0.8) 0
270 3:7 0.084 (0.00D |3.2 (0.D | 11.2 | 69.0 (1.7) | 5.0 (0.2) 0

5:5 0.017 (0.001) | 0.7 (0.D | 2.3 | 12.2 (0.5 | 4.7 (0.9) | 9.4 (0.3)
7:3 0.006 (0.004) | 0.2 (0.D | 0.8 |10.0 (10.5) | 0.3 (0.3) | 7.6 (6.7)
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2 AFoA ditsl] dAAAEY] HSuaEAATEE By 200C e g AA A4
EollA S/ Mol 1994 7302 F71EFE 0.197 NmP/Kg-VSaea®ll Al 0.111 Nm® /Kg-VSadged
2 fade AFE YEYon, g2 4R §e 2= (220, 250C, 270T)o A= 200C <]
s AAYNET LS Ao AT EAANAD A S YERAT. 53] fFr1E9 @7
A & B/Bwe REHE, 200C @il AAAYEL S/ARlEo] FIHE wel 31.2%00 4
17.6%74 A 7k om, 220C, 250C, 270C 9 F4Es) AANYHEolA 2+ 36.4%00 A
9.6%, 31.3%NA 0.8%, 26.6%°14 0.8%= FAaste AS=E Uety, A3 259 4o o
gt #7l=9 713 Ralsol Yokt ol#3 A3= 98
ol A= wio] AFEA DB wgo] 1A (Solide WA (Liquid) oz 7H8-3hA 7] A vt

(Ferrer et al., 2008). o]=1dt dsEae] &7 Bonmati et al. (20012 =&l 60C~80C <]
- E stHS W, vio] et~ HEAEo| FUFSHATIY Husty lom, AR g
110Cc €42 (Ardic and Taner, 2005), ¢-&3 =& EdE°] g 100~140C LA =
(Mladenovska et. al, 2006), t-&ol gk 180C ‘A2 (Yoneyama et al., 2006)oll4 ¥ 7143tE
0] SHATE Hurt A 28y s dAgr driastaes Addste dT7ES
T Bax3 ot Gossett et al. (1982)2 160C o]de] € A7l AE=22 (Cellulose)tk
229 (Ligning] 7183tE do 7y deAysk# (Methanogen) & Aslist= Hesid 4o A
2 4 o By up o™, Ajandous et al. (2008)2} Dwyer et al. (2008)= ThF3H /2
fFr7leol ne2ow 4 HAALYIT Ay FU|ad} Z&o] A= HiuxE Ut olfddx=
Haug et al. (1978), Stuckey and McCarty (1984), Owen et al. (1979), —1¥]3. Martins et al
(200D 5= F7lastel] GRS AU, AAEe dovle dde BEsHNHE g
Bl ot o3 EAe ZANkS (maillard reaction ¥+ browning reaction)o] AHEE o
AAI Qom, ZARNEEE T A sl asietEo] ofn by WHEtHA dHEE g H
ghizold (melanoidin)¥ 22 =4S AAAIZIT (Martins et al., 2001; Bougrier et al., 2008).
Ajandouz et al. (2008)& o]23 ZWHHL-S-& £x9} pH, &9 F o wet dYFge 2
gete Zew Hista o, 100C olste] @ 2EFHNAE dHggo] ARG =
B3y% o} (Martins and Boekel, 2005).
AFNME &3 dFEs HSLEs 200~270C HYR 71E AFAE] F=33 o
ot wEhbA 2 ATl derd AR QA=

v

rlo

R

A=k
¥

A
| .
THHE DY 0 B L=Fo

A
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ey
ol
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Fd et 250C
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71&8t 8 8-S FEATI A

k=)
A=

At

o, 200~270C <

ANA SH ¥I&E Aol= ot o] &4 Wy dd v Hd 36.4% (220C,

oH

44

7] 43}
S vl 1:9)9 mes|srl 7153t9a, A4 0.8% (250~270C, S Bl& 7:3)9 we 34&

k=]
=i

el

Ao webaA 200~270C <

7123

il <A A

2
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F71 913 A

S
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o

—

171 #1si A= 200C o]
7t2 27"
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N2 AR
of i

N

At F

3

S} =

k<)

s

q7143}

IR RREE

3

s 9%

bol oA Al

S

- 199 -



sl QAYL= Frlast 2xd ©E F7F EA4S LotRix F2434H38C), 1L

L 4 3H55C ) 4 BMP(Biochemical Methane Potentia)A @& A &) 3} T}

A
2 ZHMES &3ds AF st 2mmAE FEs AAT F F243E 38T 5T A7)t

£
N
L
[
1o
24
M,
rlr
i)
o\
L
o
ull
i
o
1z,
0%
i,
rlr
=2
.
0%
>
ol
1o
of
o
o
B
B~
ot
QL
N
Ho
QL
£
i
>,
QL

# 351 G5Es) AAYLES) BMPAZAA 7187 HEA 3d 54 (3L : 38C)

. TS VS COD¢ T-N NH3-N Alkalinity
Materials pH
mg/L mg/L as CaCOs;

8.10 42,833 27,733 31,367 6,035 3,787 24,500
[noculum

+0.05 | +881 +589 +3808 +368 +222 +125
Thermal 5.03 48,622 39,133 106,300 7,348 3,164 7 967

hydrolysate | +0.05 | =+677 +722 +125 +179 +44 ’
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@)
W Ay H71ukg-7] o] ATt AE 2% 34bol| resazurin 0.1%S
SHrote AR 7tAEAH 7 E o) &tHR Tk (Willams, 1996; Beuvink, 1992). Wgts% &4
TCD (thermal conductivity detector)®} HayesepQ packed column (27 3 mm, Zd¢] 3 m, 80~

i
1%

Z,
rE

[
K
)
il
%
ozi
filo
do
rot
ot
M
1>

(

L

rlo

100 mesh size)S &2+ Gas chromatography (GC2010, shimazhu, Japan)E ©]&3t 0w, FU
T (injector) 150C, AP HF (column) 90C, HAZ=F (detector) 200C ] oA Ar 7t2=E °]F
o ste] {4 30 mL minTol A 4590 (Sorensen et al., 199D. o] &2 wg El/d9

™
T
o

A% dha &5 (C, H, O, N, 92 ¥4E47] (EA1108, Thermo Finnigan, USA)E ©]
A5 vio] Quj2-9] 3}8hd A A2 Standard methods (APHA, 1998)l we}

Aol2%% (pH), ¥ & (total solid, TS), LA ¥ E (volatile solid, VS), &3} 4kA4
L 7% (total chemical oxygen demand, TCOD), &3l4 3}tz 4+4 Q73 (soluble chemical
oxygen demand, SCOD), FZ& 4 (total nitrogen, TN), =Y old ZA4A (NHS-N), &dZy=
(alkalinity)S 233} T}

-

<{

4 o
_Oll
£

o 28
1) =43

0.4 -
< 03- E {
5 [ t
; os® 9@
2
o [ )
E 02 -
=]
.g [ ]
(5]
S
=
(5]
S 01- ]
[ )
)
0.0 0000088—— . . . . .
0 10 20 30 40 50 60

Fermentation time(days)

% 3-56. el QA= WgAARHEAE (M2 E - T2 38T, VS 719
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ZT2o Aol dFEE] AAAYAES] BMP AlES #3ke] 1.0, 0.5, 0.1 Me] NaOHEH & FH]
st AR AAAYAEe] pHE 7.000.2 ZASI BMP A39] 7Az Zuatgon, HE
HE QHIAl AW A FA T w CSTRY @743tz A AH3I] 2mm HE FHA
15t s AAYHE BMP Al@ol AH8d 71A(EFws] AAYLHE)TN HE
N o] 35t 2L & 309 e eH, BMP Al@xde S/ Hl&S VS 7|Fo 2 0.100%2
AdPstRom F2715 ol&ste] 38C(FT2)olA 47L3 wigsidw. VS 7[&2o =2 §/1=0.10,
COD¢r 7122 S/1=0.852 &3] AABAES A23HS 20:809 FIHE Fste] =43}
Row, dFis JAYAEL] pHE 5.0322 vA el o, BMPe H# =4 #x9 BMP
ANde 97 S Sd e EHHAEANA =T AFEAS A fste] dxEe HAA
AHEo] pHE 7.002 AT s AAU4HES] BMP Alge A5 B 0904 A
zhste] 5UA7M A= A A7|(lag phage)E YHERHTZE 18L7HA & =2 F7Hstl o, 182 ©
T REHe AA3 F718ts 222 yehgt BMP Al@Z 3 0.85 Nm® kg™'-VSueeq, 0.35 Nm?
Kg'-VSugea & M EAY A E1E-E JEFAT

I T
N
jus}

st deEsidel pHE 7.0002 =4ste] BMP A@9] 7|d= Evlstlon, A d=1

Fas HAAYFES] BMP Al ge] AHEE ZA(EFES AANNE)T HTHe 35t =4

#® 3-31e vEgles, BMP Al¥ 2 SN vHE&S VS 7|22 0.23, CODe 71Eo =2
SM=0.310.2 Pt om dF2 AFulolElol A 55T (F2)A 52Ut widatint. dEal
WA AFE2] pHE 50302 WA Jebgton, BMP H& =7 #§X9 BMP AldS& fd &
g EnHAoNA R=T AFTAES JAsty] At s AAYLES] pHE
7.00.2 ZA3GT)

{

£ 331 A5Ba AR 7123 HE ] b B4 (LL=55C)

. TS | VS [ CODy | T-N [ NH;-N Alkalinity
Materials PH mg/L (mg-CaCOs/L)
Inoculum 8.1 28,800 | 13,516 | 83,333 8,750 4,297 19,467

+0.05 | £3543 | £1457 | +1040 +72 +122 +521
Thermal 5.07 18,643 | 12,533 6,402 2,753
hydrolysate +0.05 | £173 +90 20,700 +345 +25 7,342
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rr

0.16 -
—— Blank

014 O Hydrolysate ..Q

0.12
0.10 +
0.08

0.06 - ,,o“"

Methane yield (m® kg™V'S,,.,)

0.04 o

0024 Po

0.00 T T T T T 1
0 10 20 30 40 50 60

Fermentation time (days)

19 3-57. AL243H55C) £} VSol| whE 7t

0.025 ~
—&— Blank
--O- Hydrolysate ©
0,020 '
=
3
T 00151
- o)
E :
=
(5]
'S, 0.010 +
> o
s .
= L
= e
0.005 - .0
o
O
.Q'
0.000 T T T T T 1
0 10 20 30 40 50 60

Fermentation time (days)

a9 3-58. A243H55T) F4 CODceoll whe 7h= Ay e

Asps) AR PAEe] TeF/REGEC) AHE HE 27 AL
W el vatel WA Yeptor 45200 AuwEA gEelel wey
Aoz vyt
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p dFel A PLE

el &5 220C oA Aitd s dAANEd e R st AP e APt d
Zbrdd el pHE 5.0302 w& pHolA Z|Qlste A28 F&3t7] fsted s A4
AibEe] pHE 7.00.8 2Aste Aol FAEE o, pH 7 24 dF&3 AAYEES 5F
29 314 sto] Aol FAISAH.

@ A=A L 7+

el AqAYAES] FAA=Y A EEe Hefstr] 9iste] Agar hole & AHESHATH
3.5% Agar HiAE FHlt AEHS flst] AREH WA= AT(E.coDet FA
(Bacillus substillus)& A3t wjx]e] =&¢s $ ASE 747t Agar holeo] 100ul 4 531
30C g-2ujekr|o A 24417 vlFslal Agar hole 9ol H A=+ A3 A A(clear zone)e] =7]
= #F 3

(3) AWEstA Asfaxt (Bio assay)

Agar holel& AH&etiom A& AAYAES] pHell o3 ks dotry] 93t &
Fidl GAYLES] pHE 7002 3 AFTE At E£3, IHu4E Fo = o
e dA Y=o A adE HrlskA .

gl
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FATE FUHOE AYHTA YR ASE stse AR BEHRYOH, FA, O
AT AUHoR WEgHTe) ANERE vhetstn Aps AAYLES FrlatEYH

nAge] A ETE AR ste] AEIE A& AP ANFATY. ols A5 oA

= A A9 BAHE FAYS sotar] et Adsdon Ade o
o3} o] UEt. WopAT d4ie] AAMAGEolA R HATEA S} e eA o A
wAs A e 2ue] Ao A

= eHEE 4 12 9%t T8¢ IILs & A

=

o
riu
2
%
ro
_>|i
rlr
g
ftlo
s
lo

f

3E 3-46. dEs] AQAYL=) = As|ad

o 4k (Bacillus substillus) o %+(E.coli)
&5
A & 5 A A =7] A& 5 A A =27]
Chine X - X -
A A O 5 mm O 5 mm
o] 2= _E_ 3
A O 5 mm O 2 mm
A =323
o A A AbE O 3mm O Imm
pH 7.0=4
A =33
N A k= X - X -
24 3] A <}
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-FAA

H

o

o) & +-pH7.0 =4

fara-2n) 3149

- pH7.0 =2

)

<

oF

A

19 3-98. Agar holeo] A3l A (clear zone) ¥zt
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=
(Buw7t NH3-N2| -7}l wh
2o AafAee =rh ¥3-99.oAE HL LTIl AR okmijole ko] Z7tE Ho)
olo] Wshe] U@A mpol sk AAEE ZadtE AL HFETh EdF BN m
otmyole] £2o pH 9 £xd wel ey 259 pHE AT A L5} A5
ueh dRYAALe] ol Frksks AR

Fruoldie] S ofste] shalgo] ot o BrHh

Rl

i

2
u)
3
g
=5
L
g
&
X
k1

o
o
N
B~

o
g3
X

r[r

2,500 - - 0.12
2,000 - - 01
- 0.08
1,500 -
. 006 EEEENH3-N
1,000 - —=—2Bu
- 0.04
500 - - 0.02
0 - . 0

200 220 250 270

1% 3-99. AEa) AAAAEe] NHN 33 Byol Hla

- 208 -



I 3-46. =9} pHoell w2 NH;-NH,

o
=

i

Temperature (C)

PH 10 20 25 30 40 50 60 70 80 90
1 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
2 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
3 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
4 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
5 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
6 0% 0% 0% 0% 0% 0% 1% 1% 1% 2%
7 0% 0% 1% 1% 2% 3% 5% 8% 13% 20%
8 2% 4% 5% 7% 13% 22% 34% 47% 60% 71%
9 16% 28% 36% 44% 61% 74% 84% 90% 94% 96%

10 65% 80% 85% 89% 94% 97% 98% 99% 99% 100%

11 95% 98% 98% 99% 99% 100% | 100% | 100% | 100% | 100%

12 99% 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%

13 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%

14 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
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3. A5EE) QAYNET F4EE G4 el TFH SO G vw

s dAgLEY ShEx gl Ao EFaFATE fstel EgRiEc e

e QA PES 220C =

==
B3 AAYAES APol FANGOM, ERS nE

Of

2
bl NP AEAe A AFHLAS FAUSIE ol vt FAES] Aot

%3 1l
AAsk ommAR WEES AAT F WO 547 oA7fsE AANT Aol AL
=R

e AAGLET 208w D58 Ao Biulgd B2 ¥/1d 54 Fohus] 8
1

soa ¥ on | TN | NN | coDe | TS | Vs Alkalinity
puTyray g
oiﬂtﬁ; Eo;f ---------- ) P — mg/L as CaCO;
1 0 | 778 7915 | 4209 | 54400 | 29,945 | 24,967 9,250
0 1 | 740 | 982 | 679 | 1824 | 4.622 | 1433 2,738
1 2 | 753 | 3203 | 1.85 | 19,349 | 13,063 | 9.278 4,909
1 4 | 748 | 2369 | 1385 | 12.339 | 9.687 | 6.140 4,040
1 8§ | 744 | 1752 | 1071 | 7.666 | 7.436 | 4,048 3,462
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g7 g
oH T-N NHs-N | CODc¢, Alkalinity TS VS VS/TS
(mg/L) | (mg/L) | (mg/L) | (mg CaCOs/L) | (mg/L) | (mg/L) (%)
6,939 4,219 11,650 23,513 32,540 19840 61.0
HEA 8.05 7,056 4,912 11,320 23,049 33,120 | 20,160 60.9
6,890 4,765 12,140 23,429 32,240 | 19,540 60.6
i 6,962 4,632 11,703 23,429 32,633 | 19,847 60.8

v A4 HEd A4S A% & @Y BT 2% F4tel resazurin 0.1%
& $3te Ak 7taSA 0 E ol 83kt (Willams, 1996; Beuvink, 1992). Wigts = &4
< TCD (thermal conductivity detector)®} HayesepQ packed column (&7 3 mm, Zo°] 3 m,
80~100 mesh size)S #=23+ Gas chromatography (GC2010, shimazhu, Japan)E ©]-&3}3 2.1,
T4 (njector) 150C, HHHF (column) 90C, HFZEH (detector) 200C ] = A Ar 7t=E
oo ® st #< 30 mL min-1oA &4 3tAth (Sorensen et al, 1991). o] &% W&k HHl
Aol AES 9% AYA 5 (C, H, O, N, )& d4E4~7] (EA1108, Thermo Finnigan, USA)
o] 83t HAETE HiolQuj o] FEhA AAEA S Standard methods (APHA, 1998)<
wel F4olF % (pH), 1 E (total solid, TS), 34 ¥ E (volatile solid, VS), &3}38H7
A4 Q 5 (total chemical oxygen demand, TCOD), &34 s}8t&4k4Q 7 (soluble chemical
oxygen demand, SCOD), &# 4 (total nitrogen, TN), ¢=UolAd AL (NH;-N), &¢Z3%=
(alkalinity)& 243} A .

(3ol 27 wew el A (Theoretical Methane Potential, By)

o
f

Ll
10

o] WeHdlEde FANANES ALEAZEAAE 7IZE Boyle (19769 7= @714
g2 (2] ()& ol g3l sl oz ALtsdth. 2 (¢ 93 4H&E=+= By 0T,
1 atme] ZFEZFH A VS (volatile solid) S 7|Fo=2 GdF7IET wHE =9 <&
(Nm*-CHy kg-1-VSaaed) &2 FAI ST

4c—h—20+3n+2s

a:]{h OoNn‘Sis_i_( 4 )HQO;}
(4C+h_gg_3n_23)CH4+(4c—h+2<;+3n+23)002+HNH3+5H25 @
(4c—|-h*20*3n*2s)
By, = 22.4% ® @

12¢+ h+ 160+ 14n+ 32s
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S (%)

0.77

H,S

N (%)

1.22

0.05

8.77

NHj3

28 By7b 0.38 m*kgVSaqied®

led C, N, H, O, S¢ &&F<

)}
2H

[¢)
A3 gl o] 87 Jh2gAtE

o olmT tha WA UhEhT

O (%)

12.12

0.07

0.09

35.9

CO,

0.47 m3/kgVSadded§ [BR

T

T

H (%)
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e
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D 1 | (- B
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140 -

® 0:1
® 1:2
1209y 1:4 " . -
A 1:8
— " 1:0
=1 100 A
1S
=
[«5)
5, 80 7
[«5)
<
£
g 60
[ ]
40 . :
v h4 M
A A 2
20 A
*— e ®
0 ' ' '

Methane yoeld (m® kg-l'vsadded)

oo AN O

——-Bp1
— — Bth 2

719 3-101 BMP A< &3 RIS w27t WeAdLZAd

MYKgVSues 2 FEFSTE SHAT o] T & o] 27 Aato] Wate] B& AAFS Ho A
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I

ol

VSg 0.420

ol

m’ [Kgo] WetEFe Rtk kA 1.2 Hl&3 149 vgo] H

Wae Aed.

ot
_th
o
O

X

o] 22 (Bm), A B

of w&

g

pl
D

=)
e

By

0.459

0.459

0.420

0.527

0.664

Bin

——=—==m’ | Kg-VSuea ~—==-~

0.472

0.388

0.416

0.405

0.397
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8.8, Alkalinity

Fal o717k E wjal Al

3]

L aseg FHES AA

™ VS
T-N3 NH3-N 7+2+9,953, 2,936 mg/L S & et

—
o

|
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® 352 HEAY HYEA

TS VS COD¢r T-N NH3-N Alkalinity
pH
mg/L (mg/L as CaCOs;)
8.8+0.01 | 15,060+60 | 10,440*15 11,150£25 3,953 £22 2,936 11 14,943 +9

(2) BMP Al g9 FH]

g dd E4e 3824 FUNEUIE o]&3ste] 38ColA 104¥zt wi etk
(Hansen et al., 2004). §F-3-714 (Substrate, S)2 FAIAEE #&3}eta, HEH (Inoculum, D2
SRR SAE FRIENAS A Y I 7Ltz &3RS AFHT T 8Y
4 2

b 38T oA @7 MiFA7IAL, A7 E AART F APl SASAT. 71d3 HF ]

oK

& 1 E (Volatile solid, VS) &F& 71&2=2 S/I7F 242 0.1, 0.3, 0.57F H =
ZAstFon, g A Helde S AT IEA PrIvE7]= 160 mL serum bottleS
o] &3tk I &4 FrWEr AFHE N, 728 S #7113 AeHolA A Lo
A Z2& 38C)NA wiFslg o, wjdr|zt 5 F7]H o2 ulo]| 27t~ AT Hlo] 97t A
FE FASAT ANEE P45 S gttt st BMP Al @A vzt 5 A
o, FAWERATHL 4 (DI} o] Modified Gompertz model (Lay et
al,, 1998)& o|g3ste HAgsta WA 4kZaAd AAELS 3435

R

m><e
5 (/\—t)+1” D

M= PX exp{— exp[

2l (Dol M 2 WEeEAy4ksF (Cumulative methane production, mL), t= &7]u] 7|3t
(days), P+ wetA 4k eld (Methane production potential, mL), ex= exp(l), Ry & off wl gk 4F
4% (Maximum specific methane production rate, mL day)), A& AAAAAZF (Lag growth

phase time; days)< YERATE
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3

Jm

3% 3-53. BMP Al &< 918 S/ vl & slobA

S/ ratios
Parameters
0.1 0.3 0.5
Inoculum
Volume (mL) 80 80 80
Volatile soild (mg/L) 7.950 7.950 7.950
Substrates
Input amount (g)
TF 2.532 7.597 12.662
LF 3.409 10.227 17.045
MX 3.195 9.585 15.975
Volatile solid (mg/L) 0.795 2.385 3.975

DA GAANE, DEHE 958 o4, JTH : LF = 4 :

(3) o]&2 wEtxy el (Theoretical Methane Potential, Bi)

=

o4 HWEHdEL IAANES ALEHEAAES 7IZE Boyle 1976)2 #71=¢ 714
RS2 (2] ()L o] &3t e FEA oz Attt 2 ol daf 4H&E = Bae 0C,

Fefoll 1 VS (volatile solid) Fe 71Fo2 Tf7|E8TF wWertxo o

o>~

1 atme] E=F

(NM*/Kg-VSadaed) O- 2 FAI 3 T

C.H, ON. 5 + (4c—h—2z+3n+25 )H20—>

(4C+h_22_3n_25)CH4+(4C_h+QZ+3n+2S)COQ+71NH3+5H2S @

(4c+h—20—3n—25)
8
12¢+ h+ 160+ 14n+ 32s

2

B,, =22.4%

g AL HE ld AL 93 84 dUHker] 9 WAt AE 2% 34kl resazurin 0.1%
£ T fF3t= 53 7S AH T E o) &5tH Y (Willams, 1996; Beuvink, 1992). Wgts = £

< TCD (thermal conductivity detector)¢} HayesepQ packed column (27 3 mm, 4°] 3 m,

80~100 mesh size)S #=23F Gas chromatography (GC2010, shimazhu, Japan)E ©]-&3}3 2.1,
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T4+ (njector) 150C, ZHF (column) 90C, H=HF (detector) 200C & =HoA Ar 7t=E
o] TR 3t #% 30 mL/minel A &E43FATH (Sorensen et al., 1991). o]&24 w& HuA
o] 4SS H% ALEAa &5 (G H, O, N, 92 dA4&E2A7] (EA1108, Thermo Finnigan, USA)E
g3t EAtATE vio] Quj 9] 318HH A4S Standard methods (APHA, 1998)¢l whe}
Aol2F% (pH), ¥ E (total solid, TS), 3|44 1= (volatile solid, VS), F3}e-4 44

Q7% (total chemical oxygen demand, TCOD), &34 &8 4+4A Q7 (soluble chemical

rlo

oxygen demand, SCOD), &Z4 (total nitrogen, TN), ¢=Euold HAA (NH;-N), &¢Zdx

(alkalinity)& A 3tAth.

Lo

Table 4] UERRQLTE ol5 A=e] TS ke 38,033~39,486 mg/kgel Welol ggled, VS
ke TH7} 32,980 mg/kgl. = TS 3+ oiu] 86.7%2 21A8t1, LFSt MXE 2z+2h 24,5009}
26,141 mg kg'® TS &= vl 62.0% < 66.7%= =A|stAth. THS TN NH;-N 3reke

UElsth o] AlZel AU Boyle (1976)9] &714 wghgalk uk3-2] (2] (2)< o] &3}
A4 o] 2% vgtsdd-e Table 50l YEAC™, TH, LF, MX Alg°] o]2% vieud
& 7}7} 0.535, 0.418, 0.487 Nm®*/Kg-VSaaaea®l L TF.

b

3-54. A B2 3AH AHAEA

Sample pH TS VS COD¢ T-N NHs-N Alkalinity
————————— -—-- mg/L --——--——---—- mg/L as CaCO;
TH 6.90 38,033 | 32,980 | 61,800 8,179 4,369 8,833
(0.0D (672) (580) (72D 19 (128) (262)
R 7.37 39,486 | 24,500 | 41,533 4,301 2,730 6,704
(0.06) (22D (330) (493) (110) (129) (13D
MX 7.57 39,196 | 26,141 45,586 5,076 3,057 7,130
(0.06) (263) (367) (463) (86) (125) (128)
DEFEe] JAYLE, DSF4ER &E5d A, 3TH - LF =4 1 £F&Y
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¥ 3-55. o] 27 wets e

Elemental composition ]
Sample B ™
C H @) N S
———————————————————— % —=mm--mmmmmmmmmooo Nm?/Kg-VSagdea
THY 47.8 5.8 25.4 8.2 0.5 0.535
LF? 38.6 4.9 34.5 4.9 0.4 0.418
MX? 37.8 4.4 22.7 7.0 0.7 0.487

*Bnol &2 wlekw el A (Theoretical methane potential),

DEsEs dATE, D54Es 29 I, ITH : LF = 4 : 1 EFE

HEn g A4 LHY 13e 958

ol

= fate] A& s AAALHE (TH), 182
THe} LFE 149 Hl&2 &3 £33 MX) A8 S v&d #8714
BMPAIE ZAx= 9 3-102~3-104¢F 2ok i3] 4HE<l TH Al59
TR A S LFeF vlaste] 27] 309 5 wWigkAskEFo] $nke] FUtele AdFS H
A |*5E HFT webdEFe] 80% TS dolAe AeE Ueigt TH As9
HZw g2l A (Ultimate methane potential, B)-& 24| S/I vl &0l A o] &2 o ek 2kl
4 0.535 NmY/Kg-VSaiea OFelol A YEFE O S/1 vl &o] S/l wel HF vaydsad=
A F7FeA T 1Eu dEER Y A4l LF9 THeF LFe] el MX A5+ 30
Ao mF7E toll HF WAL FS] 80% Tl B2t e, TH A5t §itE S/H]&o
F7hekel wel HEFuag A o] Dadte 2oE Uegt 53], LFeF MX AlEe 32
S/ME1E (0.1, 0.3)04 o]&4 wWagAdHddS 2333 o0, 0.59 S/MHEANAMT = Fuet
el o] o] 24 weh4tH el Qtol] SoleE Ao E UEETH

3
o
=
1
[e>]
e
o
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S/1 ratios
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S/l ratios
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250 1 g/l ratios
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¥ 3-56 Gompertz model (Lay et al.,
3¢ wE

g M3 Aol THAI=S| 4

4.71 mL day'& Z7}3tch.

i

1998)= ©]-&3sto BMP Aoz d2
AakgE (P)& S/IR1&-o] 0.1014 052 F7hgtel
wet 22.44 mLollA 219.98 mLE F7tstdow, HuwaAd4Es: Rye 090 mL/day ol A
3] THAIE 9] S/H& 0.191A4] 11.93 day9] 71 A A AZ7&AIZE (1)

o] Btk LF& MX A& A-fol= S Hl& 0.1014 Rpel 231, 2.21 mL/day= YeEbRto
.62

SMHl& 0.591 4+ Rpol 8.48,
AEEE JE AT

mL/dayZ TH A=<} H]

wald AtAdo =z w2 Hoiw ey

¥ 3-56. S/l vl & mE BMP A& 23 (Gomperz model& ©] &3 3l4)

2] v gAY A

S/ ratio
Sample | Parameter Unit o1 03 05
P mL 22.44 (1.28) 124.71 (4.00) 219.98 (9.33)
THY R mL/day 0.90 (0.0D 2.82 (0.10) 4.71 (0.05)
A days 11.93 (0.32) - 1.58 (0.4D)
P mL 57.77 (0.55) 147.92 (4.87) 186.39 (14.99)
LF? R mL/day 2.31 (0.14) 7.96 (0.3D 8.48 (0.19)
A days 2.41 (0.26) 5.00 (0.1D 4.92 (1.44)
P mL 57.67 (1.55) 156.53 (3.62) 215.13 (10.09)
MX? R mL/day 2.21 (0.19) 6.72 (0.27) 9.62 (0.29)
A days 1.11 (0.10) 1.94 (0.25) 6.54 (0.41)
DEFwsl] qAALE, DF4HEw g9 44, 3)TH : LF = 1 &8

TH, LF, MX Al5¢ HFHSAALLHANE By 71&E9] @718 BEH &S & 3-560
Ef it HEueaased e 18 3-102~3-10401 4 vebd AT ARl e o,
TH A& S/ Hl& 0.1, 0.3, 05014 Z+zF 0.27, 0.44, 0.46 Nm®/kg-VSuea® VFEFSOH, o] 23
Het 4k BlE (Bth) div] H v e g4 Bwe ¥& Bu/BthE Yebd #7148 A=

= SN ¥l& 0.1, 0.3, 0.5014 Z+7} 50.04, 82.46, 86.47%°|Att. LF Al59] 749 S/ #l& 0.1
0.3, 0.5014 HZFvetyatgeulde k7 0.64, 0.53, 0.40 Nm® kg'-VSuuea®l 21, #7132 7]
= B&2 SM BE 0.1, 0.3, 0.5914 Z+2F 152.07, 122.67, 95.71%% YEFST MX Al59 7

2
WAADES BAE §718 BaALelA LF ARG fAR AFe ngon, S
1€ 0.1, 0.3, 0.5004 HFweAHade 2+ 063, 0.57, 0.46 Nm® kg '-VSaeea©l 01, &

o
j&
of\

=)
!

ju g
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7% 718 e 130.28, 116.64, 93.61%% UERETh LFgk MX ARdA Uehd @e
Mg 013 0.3)014 HEMBYATebo] o] 24 Mgy 2astm, @714 f71%
ol &o] 100%E =Hsts A2 o|8FHoE EIHed Aioltt o]zd Ai= BMPAI A
S/El&o we} Aol HFuegitmuldo]l yetuy, @& 51 HlSolA HSw a4 A2
o] Bt F U BHAFE

2 dAFolA= BMP Aol QlolA S/iBlEo] HEMadisady @714 fr71&E &

N

=
ﬁ
of
oot
o
o
£
ol
[
2L
Ay
r
St
kr
i)
&
’
L
oy
=
3
Auj
&
e
k]
oy
Lo
12
ol
S
o
2
2
ox
2

=
(TH), LFe} THY &3t (MX)& FAIskaL S/ ¥l& 0.1, 0.3, 0.5914 BMPAI @S AAs9 T &
AT BMP A& AiolA deia] A& TH A5 A9 LFS MX A 89 Hlaste] e
714 #7185 &3& (S/1 0.19141 50.04%, S/1 0.3° 4 82.46%, S/T 0.5°14 86. 47%)S H T},
a8 3 S BEe STt wE AT NHEAS @74 fr1E EaEe] APE =3 LF
o MX A8+ #H4ste R, TH Alse S7kete vt o] A4S Yetiiddth o=k 2A#
2 E o TH Al&= LFS MX A 58 vlaste] @748t eyt a&o] @de 2oz 7t

&

N

Z+€ k. Martins et al. (2001) and Bougrier et al. (2008)= 2 A9} FAE 4R 4AHE9
@143 ATolA 160C o] 1, 1t dEsl WhSolA s BstEo] ofn4kd v
$3te] #7173 AQRPA o] e wti-old (melanoidin)® Z-& GFE|A L F7]1E0] HAEHE
Z-Hdk-g- (maillard reaction ¥+ browning reaction)o] ¥ojdtia R w3k vl 912, Mottet et
al. 2009+ str<sdAY daall AAg AFolA 165CoAA v-gAzl &
< #U1F /71E Bil&o] 56%= F7FEFE o} 220C Al A HEEAIZ] GRS A AYLEEL
41%= F7148 771E RBileo] Fidte A}E Hiusr| s st B AFolA = A
of W& /7= 7H&37t S/ HlEel mE HISWMGANHEE Y 7S vEbd o2 7Y
st AFES APstA o 220CANA RS =R XY s dAYHES 2358 @
5

ol &S HoldA x5 stA &2 LF Al5% LFAIE 9] E3E<9 MX Al

H
T
~

159= 22 A E oA ¥ LF Als9 LFAEZ €39 MX Alg¢ 7
e S BE (013 0.3)0lA o] &2 wWggdsedst 713 {7

B9 Chynoweth et al. (1993)= ZEF (Herbaceous)®} H-EF, dtrEniA| o] AE3)
ATeA 0.5~1.09 S/MIEAA 7 Fdst HFwerAg4seld-e A3, Hashimoto (1989)
© 0.03~10.91 Afole] 20719 AME ©E S/ HlEA HHES BMP A 33 23 40820 2

il
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S/l vl&olA HFuEYAHR o] HA Dastes A5 Bk v At o] 9o = Raposo et
al., (2008)= afutetr] 715 A71E dFeE S/ ¥ HIWEAAIAdE S EA43 23 S/ 9
£0°] 0.33014 2,002 F/1E o, HFHEAIHAEL 0.227Nm’ kg™'-VSaaea®ll A1 0.107 Nm®
kg '-VSued® TAdHE AFE Busta glon, Liu et al. 2009+ 4E2d7]19 d7)143)
ATolA gt S oHlE (16, 3.1, 4.0, 5.000M A& A3 @714 /71 Esi&ol Sl v+
L6014 93.6%, S/l Hl& 5.0014 54.3%=% UEtH. & d7A=9 FARE d7olA ST v+
of Wt FAHE= HFHEAANHEE L 2folE B 4 lom, SN Hl&o] F7tel wat 54
He HAISuEAMHEE Xk @Y frle BidleS B A7EAet FASHAl Fashs
2oz Yeva o 28y 22 51 HlE (0.1, 0.3)0A o] &4 WadAHu 2SS 2Hsh=
Age obd Had wrtb gle ol #AA dFAEC] BMP Alde Tl €2 HSHeyLty
Bwe ol WaAd4Hdd Bth¥ Hlwg A5 Kol A Fob 7IE A2
gte] oo /1 vl golA HEuaegisebo] Ao 4 JHEs AT 5 AT

B
o\

g M

=& ouE Adch BUP Agel QoA MaAdoR AFue

‘I_,E_
@7ok BAG Wil AEAIN FAT £ A Wee BANFL doh Y § AP

A e ol uletd BMP A@ATI} vholests QAN Fad HAARE BE
At HolA BF TFE 4t vlol2ul 2o BMPA G i E o ejulv} e BUP 2
}E 97 AAAE AR S gl e] BUPAFol 850, ATAS 7te] A@Ane] v

S ul&& mEshs BMPAE Bl Bt T8t GRS 94
B3 F4HER 95 gl 27t 4PH $XE ol gl B 149 o2 W
FC-MOS A3ttt C-MXe] Magge 24 433 MXe A@e] Anxe] ul5to]
om ol MXS B% LFS E£Fo= THe Asizgol Zaste] C-MXY
1g9tol o 2A Uebsih
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3 3-57. S/1 vl&ol w& BMP Al @23}

S/T ratio (vsadded)

Sample Parameter Unit
0.1 0.3 0.5
B, Nm3/kg-VSaqded 0.27 (0.02) 0.44 (0.01) 0.46 (0.02)
TH MP Nm>/ton_supstrate 8.76 (0.53) 14.43 (0.44) 15.13 (0.56)
Bu/Bin % 50.04 (3.03) 82.46 (2.52) 86.47 (3.19)
B, Nm*/kg-VSadded 0.64 (0.0 0.53 (0.02) 0.40 (0.03)
LF MP Nm>/ton_supstrate 15.57 (0.07) 13.07 (0.44) 9.80 (0.74)
Bu/Bu % 152.07 (0.73) | 122.67 (4.27) | 95.71 (7.20)
B, Nm3/kg-VSaqied 0.63 (0.02) 0.57 (0.02) 0.46 (0.02)
MX MP Nm®/ton_supstrate 16.59 (0.42) 14.85 (0.39) 11.92 (0.52)
Bu/Bu % 130.28 (3.27) | 116.64 (3.06) | 93.61 (4.09)
B. Nm?/kg-VSadded 0.55 0.51 0.42
C-MX?
MP Nm3/ton_supstrate 14.21 13.34 10.87
B, % 115.2 112.4 110.8
MX/C-MX
MP % 116.8 111.3 109.7

O>‘

. 3) THLF=4:1 £g&1,
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mifaff
텍스트 상자   
4. 열수분해 액체생산물과 축산분뇨 탈수된 액상 혼합액(1:4)의 S/I 비율별 혐기
소화 특성 평가 (2안)


mg/L
503
+187
5,435
+1121
1,380
+46

VFAs

Alkalinity
mg/L. as CaCOs
4,900
+479
5,767
+383
5,488
+526

9,225
5,325
6,060

3-581 el W AT

NH;-N

-
st

T-N
6,277
+132
2,765
+58
3,462

+87
F=1:4 V)

mg/L.
37,160 | 31,600 | 61,800
+721
4,820
+90
12,900
+100

AHEA L ofgel
CODCr

VS
+243
4,026
+378
+451

+327
9,060
+243
14,373 | 9,126
+250

pH

8.21

FoN(1:4)Y

D o

7} AR
A 44

<
L

o

Fod Al

o]

ted HRT 30

9

71 +48% L=

<
o}
Nlo

38C Al A

5
T

d

L
| .

A3l GA o A

ot

o,
IEER

0]

AA

[e=]

=]

H
Ll

l

25

}od 80rpmo. &2
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# 3-59. ¥r&7] &4 =4
HRT Temperature MXing speed OLR OLR
days T rpm kg-VS/m®/day kg-COD¢,/m®/day
RS ORY) 38C 80 0.30 0.43

. A

ALubg-7] 9] pHel WstE H pH 818 €317

9.0

8.5 4

7.5 4

7.0 T

T 2 WEe HolA T

10 15

20 25

Fermentation Time (Days)

o9 3-106. ®¥b5-7] pH W3 ZUE
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T-N, NH3-N9| &= #Hale= 24 717 5 T-N& FA 7H4ssE Ao
o] M3l A fle Aoz YyElwt
7000 -
® ™
6000 (O NHgN

-
>
E 3000 -
2000 -
1000 -
0 T T T T T T 1
0 5 10 15 20 25 30 35
Fermentation Time (Days)
a9 3-107. RS AAYAET AR g5E WY SN AagFHst

Bgole] A FUARAA 720 AVHA wgr)e] spla

WS oA FFHOE 532.1mLe] 7h27F R EE Ao E YEyTh
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Mrthane production (mL Day™)

Methane yield (m* kg™V'S, .., Day™)

3500 :

3000 -
2500 -
2000 -
1500 ~

1000 -

4000 -
@ cH:mL

eeees CH, (7day to 29day average)

® 532.1

500 _""""""“6 .o e ‘,,,,,""

3.0

251@

2.0 4

1.5 4

1.0 4

0.5 A

5 10 15 20 25 30 35

Fermentation Time (Days)

0.0

5 10 15 20 25 30 35

Fermentation Time (Days)

19 3-108. EA(1:4) A£59 FrastE wEEAH
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mg/L

TCOD (mg /L)

3= @71 E Ao Adel wEl Jab fgaskes A2 UEETh sHA T
=

35000
‘L o @ s
30000 - o0 O vs
0‘0‘ o®
25000 - o PY
[ )
20000 & O ® 0000 '“‘
OO
0 0O O ° o®
15000 - O QOOO O
O
10000 1 OOOQO
5000 -
O T T T T T 1
0 5 10 15 20 25 30
Fermentation Time (Days)
19 3-109. E3+l(1:4)¢] TS, VSe| shaH st
80000 -

70000 ..

60000 -

50000 -

40000 -

30000 -

20000 -

10000 -

o
.""Q % o

0 5 10 15 20 25 30

Fermentation Time (Days)

oy 3-110. ®k5-7] W TCODS} w3}
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ALPE7] 9 AgE EFAe] 2HAEE E H AAE F 3-600] YERTE §HE7]9]
DA sE YA oR 639%2 UEhgon £ VS kg & 0.350m*e] wEke gakstE A
° 2 Yeyth Ha pHE 7.98 o]gden, VS= 13,6492 yelytth ¥k37] Wi COD ke
Aoz Yehytth VSel| vlste] CODe| FaFo] w2 & Ed AR 4

SRS AR Qste] & CODS| 540 MYHE Aotk FFEa AAYIET} Hit
grd Ao £ o] 22 MerB W FBE VSuwea T 0.379 M2 AEH AT A

o 2tEH WA o2 wWeAskEe] Ea&Bu/BwS 75.4%F UEMSTE T

A vgdA e 5% 0.106 mYm® 2 JepgTh

g = =3

=AAI days 30
o ot & % 63.9+7.8
By m® biogas/kg-VSadded 0.350+0.068
|23 v Ay m°’biogas /m*® active volume /day 0.106+0.021
MP Nm?*/ton.yx 3.19+
A A4 & mg/L as HAc 1,750+107
pH - 7.98+0.12
A3tz TS % 23,703+4,029
B m*/kg-VSadded 0.397
Bu/Bwn % 88.2
A8tz VS mg/L 13,649+ 2,468
A8tz Alkalinity mg/CaCOs L 19,263 +2,195

VS-kg/m®/day 0.30
f71& F3t% (OLR)

COD-kg/m*/day 0.42
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A9 SUAER duAYt THTHe] =& & AUAFA]

L SAHEE Ut BFeH(@sEe+@dr1ashe] 24 & ovA 4

=
S4B OUA| MY SRDEE S0l 43H2 e
£3 & 01X 27| ’
che| wae 5,200 kealfkg
EX-11 624 Meal
[ oum @weas 8L7 % | T
Gy DAL E
[onam & wee 724 Meal \ e 185 kg
I1EE S8 60 %
k- 1) 120 kg
B 65 kg
g 35 %
E8x EE D4 (ER) H+EHES DerUE g~
g 4,222 kg e 1,000 kg 220°C % 35bar, L+1hr 15 bar x 1.8 kg/{m-hr}
DEE(TS) 55 50 a/kg AES(TS) 8 200 g/kg EEE BO %
RIEIVS) B 35 g/kg FIBVS) BE 140 g/kg ch b HE 263 kealfkg
nEE 211 kg nk-1= 200 kg & 4H g 210 Meal
278 148 kg 272 140 kg SRR ST|RE ¢ 24bar at 220°C e qydis
o W 4,200 kcal/kg (HHV) oy wEy 4.200 keal/kg (HHV) =4 A 805 kg
ER=T 287 Meal ER-1] 840 Meal = 10 kg FIBIVS) B 32 gfkg
EH4E 1.0 % K718 25 kg
T4y uy R
EetE 3,222 kg Che| mig g 0.46 n-CHy/Kg-Vs
DUETS) BE 3 ag/kg & o wu 12
RIBIVS) BE 2 g/kg Y wEE 8,570 kcal/nf-CHy
nk:E= 11 kg & gy 100 Mcal
%718 & kg
o W 4,200 kcal/kg (HHV)
ER=T0 47 Meal

8714314 0.8 Mcal7h 4&H]57] wj&o AA
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2. AR AdUA YL TR A (@rEdf+Ed @& =42 & AHA A

e IHER(EI+HE)
SRk XYL EEHSH(EFEY+EE "II25he [ 120 kg
EE & oy 3 )
o wE Y 5,200 kcal/kg
=gy 624 Mcal
[ a4n @zess 2% | i
BEs DHMEE
|n||_1x| ERTPT 755 Meal | FIETD 185 kg
IYE H+E 60 %
nd-T13 120 kg
g 65 kg
orE 35 %
1
ik TE 24 (ER) rEsuE DYEHEY S
s 4,222 kg sy 1,000 kg 220°C % 35bar, 1+1hr 15 bar x 1.8 kg/(nf+hr)
DHETS) 55 50 g/kg DHETS) 5= 200 g/kg d =g B0 3%
2718(vs) 5= 35 g/kg 271BWVS) 5= 140 g/kg £l ] @Y 263 keal/kg
DS 211 kg nEE 200 kg = AH gY 210 Mcal
272 148 kg o798 140 kg “EEP ST U : Mbar at 2200C HEa HaAe
o wEy 4,200 keal/kg (HHV) T wEy 4,200 kcal/kg (HHV) = | gy 805 kg
BT 887 Mcal =gy 240 Mcal EpT 10 kg 27|8(vs) BE 32 alkg
=4 § 10 % 2718 25 kg
I |
e Yy =g 8y =8 7l
s 3,222 kg FIRTET 4,027 kg T2 ofjEk W 0.46 nf-CH,/Kg-VS
DHETS) 52 3 g/kg S EvS) 5 8.246 g/kg F oEbway 15 ot
2718(VS) 5E 2 g/kg 2718 33 kg ol WY 8,570 kcal/ni-CH,
nk=1=3 11 ko = gy 131 Meal
718 & kg
o wEy 4,200 keal/kg (HHV)
= 2y 47 Mcal
ATATNE AR FAELR 13 B5F g5d 14 (B A5RH 9 13 g5
W Asps AAYED EHY Frlest FETHL HEA BASAY AL E
#=2 AEsPn 159 g5d 14 (BER)o Ry 120kge] n@ARS 16m’e werxs
Hag %+ ddon ol& dquAFoz BEW F 755 Mcals HuF & ok FiEw)
ZAgE A FE 887 Mcald o 85.2%2] AUVAZFE 3|+ & 4 ot HUIE A, olw 1
=9 g8 1A (39 I3 A aHlo| A= 210 Mcalol™ §7]4:314] 126 Mcal7d
28 E 7] dE AA dAANHA = 419 Mcal2 AHAE AT 94 19 WHED JAqHyA] =

LA | A 7F 31 Mcal7b o Ay Agttadt= 19 WRlo]l =AW d7)a

AE Bts HelAM A7

&
=
(@)
=2
oxl
[y
e
ok }11

e
Mo
=
>
(ot
oo
XN
L
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S
il
L
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2
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foi
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3. SahEk HF d7143te =4 & dyA A C1€ 7€)

SHER MY go|23
=2 & o1z 7|

[ o @mzzs 431 % |
oz = sy 382 Mcal |
Efu 128
e 4222 kg Che| O EF A E 0.30 w'-CH,/Kg-Vs
DHB(TS 5= 50 g/kg #7118 HEug 62 %
7BV B 35 g/kg = ofst daast 45 m
IHE 211 kg Chpl WEE 8,570 keal/m'-CH,
278 148 kg = g= 382 Mcal
Chel WEE 4,200 kcal/kg (HHV)
= g 887 Mcal

f715 o dEHT 4289 RG22 RE 45mie) WEstAE QaE £ gon o] o
U Foz st F 382 Mcalg &HE 4 o FAHE L7 ZASE Ay S 887 Mcal

d m 43.1%°] AUAFE g T F Jvkal FUHEAS oju) 42E9] SakEkx 7|23
132 Mcal7} 4=¥1 7] wZol AA doiA= 250 Mcalz A= AT, whebA kA 13 29]
2 ATl A METierRn AuAg a3 50%ed WAl B E . 1l Adas
o] 62% Y= =78k FAUA % &9°] 3%TE °olfre FRET VeV =E

ojste] Aol ofH 2 F7l=ol FAE Il oF 40%°17% FrEol 7] WZel Iy

crE AW UAE ABAY = TRAA WA} Akn B,

o=

of
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4, AR S Ax7)<ee B4 & YA FA4 O1& 7]%)

SMEE HT7I80
2T & 04X 27|

N (HITEEE 189 % |
Ol K] & g4kt 840 Mcal
LT & H 1,008 Mcal
A0 YL E] YA -168 Mcal

=&k EE 2y (ER) akd

granzt 4,222 kg ez 1,000 kg ez 200 kg
DHE(TS) 5 50 g/kg AWE(TS) S 200 g/kg che| wreas 4,200 keal/m'-CH,
RIEVS) 5 35 grkg S2718(VS) & 140 grkg B E Y 840 Mcal
-} 211 kg ) 200 kg o EE 50 %
78 148 kg 78 140 kg Chg| M| W 1,260 kealikg
Cho| gy E 4200 keal/kg (HHV) & Al ¥ 1,008.0 Mcal
AL 887 Mcal

g oy

anzr 3,222 kg
TLETS) B 3 9/kg
RIBMVS) 5E 2 g/kg

asg 11 kg

2718 8 kg

che| W 4,200 kcal/kg (HHV)
& @ 47 Mcal

o} A ETE AEeYT 189 B4E 74 (ER)0ZRE 200kge] THAR
& % glon o2 duAZoz FaeE F 840 McalE FRET 5 Yo TG AzA
1,008 Mcal7b 2:M5)7] gio] Jojouixls 5= Eak0 AzHo

aHlEt A dzrjEe dUAALETE J7E AgrieE E5E 5 Utk
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Al 10 2 SAER dUAAYt Sk BAAS Bt

1. MEE 533G &3] AAAL vla F7)
= [e)
7% Bow s | A= Az e | 1 el
71&
7])\iﬂ7=“ %,{E%*&H o A=z Al A 6:17] Q.
= i 1%&]‘37] Z::i]— = A3 T8 T
N ARy g@E A8y g =
NAH G5s NAH gse 214
Az g2 EA 3 H7% 3 H7E RGN
%T@) <27
e e (@& 95%)
(844 80%) (&H4=& 80%) HE 9%
] T¥AE + ) Bho] © 7} 2
H= 3t k|
A e o] 2.7} nees (g7
AIA & (%) 85 Y= 34 ¢kd 43
st a8 (%)
SHE e 85 85 60
AAAN Hrt o 50E/Y A7 7=
] 2] 2 /Y 50 50 200
A& =] 60 50 100
A9/ 1,000 3,710 360
S oluA W& —
T B A 365 1,354 131
A= 20,000 74,200 1,800
o L =] A AL 3 kcal/2 37,750,000 39,375,000 18,268,600
(NG HUEIHE F4A) ekl fd 1,297 -1,353 628
435 )2 55k
AN g 5| 6.4 Wl 1,353H Y 20.2
NAA Y FE - 270H)8) 1]

ol =] A4k 3= LNGH-& (800¢/m) = oA
+4 o= LNGH & (800€¥/nl) o= 4H=
H7= AT HE&2 Akl A A<

AH] YL 1 & ALt A A 2]

A9de] =dA gl duAstas s AdE IAZR NEred 71E 7Isol tstko
AR B7HE ¥asAth 71E Ve SAHERE AR FUAsete Hlol ot ZHES ]

dste] 50E/L AMgriEer FRE st Hlaste]

A gsE IHEDS Az e

é
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2. MEE BHEAe o) wv 4F

1. 1¥ds A4l 2. Wgt7ts A4 53
1 E FFH%) 21 M| AAE AR 0.8
A AYHE F5FE(%) 60 COD & %=(kg/ton) 68
A AY4kE AYAHEE(ton) 0.13 ] gAY & -8-(m*CH,/kg-COD) 0.35
2k &FH(Mcal/ton) 5,237 F71E AAE%) 80
A o) ] R F= <4 F(Mcal/ton) 680.81 ) gk A 2H(m’) 15.232
A= g4kAl(Mcal/ton) 0.075 A EH AGAFFMWH) 0.047
712 FAEAI(MWH/ton) 0.79 gudd #H E 3] 4 (Mcab 58.18

3. BH-&AAkol 4 A Foj e
= A2 MWH) 0.047 AgAE F(HD) 40
A= ) 7=714 ([ /KWH) 85 CDM<=¢] 10
L] §l =FHCID) 3 FA (HL/E) 50
¥ & 3] = =F(Mcal) 58.18
A AAHE oA 3] 4#FH(Mcal) 680.81 5. HF-E A H]o| 4 A]
1A 2 AL il—’Fﬁ B2k ) 113 AR =AY 20

A7) A&
A

(3N A + TR0 - (g2

X BANBIE B 2

Bl A) =

(116+50)-(65)= 101(x ¥

1<)

LA Pt 55 35 % 1 kwh 860 kcal
A AEH HIIT & 50 % diEe] &3 &HlF=E | 350 kwh/ton
EHEEA 7t 58 85 % /Wﬁﬁ Y% 87 58 </kwh
AT 7.64 kcal/m® CH, | 3 ul(1z8l+fx1]) | 30,000 €/ton
78 (g =] dFSAE 715) 9,050 kcal/L HEA v § 40,000 ¢/ton

A 9de] BASA D UABALY AE ATE DAZ EE

A= oy A U AE ddatdt o83 THHeR AAAdS BrisEdT. d

T

182 AA pilot plant FXE o] &3 A

= A A 2] A4 9]

==
5
wom, AMAN =&
ot

A%

ltone A glstH

[o}¥ex]
RG]

IH=

°F 101

ARz shlaL

, F71aged vE2 9

g5 £og AL
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A . 14th European Biosolids and Organic Resources Conference and
Exhibition “THE ECONOMICS OF ADVANCED DIGESTION® Jolly, M. and Gillard,
J., Black & Veatch, UK

1. Thermal hydrolysis, Cambi THP (Thermal Hydrolysis Process)

m THERMAL HYDROLYSIS HYDROLYZED SLUDGE

Raw sludge 14 - 18% DS (‘ @
| A
03¢ o0 = - SU 55
PEY

PULPER H
O O Preheated to aocochand | o ® ) D
0 ~97° C, and _} compressed H D . .
homogenized. before sent to ! 20 (
o oL

matenal 13-14% DS

Retention time digesters to be !
O O i ~15n broken down : o0 ~
: Homogemzed ( ® N .%

: £ o0
REACTOR  § C e v
Batchprocess ® Sl ik i o ® &
165°C/6bar. G eam 11 bar —) [ ]
! Retentontime @ = !
+ 20 min. 3 H
i : i -Reduces o :
< ’ Living bacteria ! ‘S‘?’mﬁiw o ! . Hydrolyzed SS
- Dissolves H drolyzed material :
O Dead bacteria 12y DS 0 ban) : @ coil contont
! FLASH TANK ycroyped el b)Y cellwall
Inert suspended i Temp 102° C ydrol material o i
solids (SS) : Retention time digesters 8 - 12% DS i Inert suspended
: ; solids (SS)
- Steam explosion

- Cell rupture T i
EPS Dilution water i Hydrolyzed EPS

O gFEd A 4-8(14~18% dry solid)

@ Pulper
T 4948 7% OFreste] AL(="I ) o] &3t 100C &9, AFAIZE Lbhr )

@ Reactor
A7FFES 7 oy Main ¥H-8-7](165C 1lbar ~®-& ©]&, A FAIZE 20~30min)
RHE 26719 reactor2 o]Fo]x ¢l3 multiple batch control system< o] &3] Alx}S
FioutE FUI wEe] EEH R o] FolF

At &3, H=7HA(EPS ¥h3)
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188 2" pulper® Hujo] 9 do 9908 AL
@ Flash tank

7+eke &3 Az a3 (steam explosion) ¥ W¥ZF 71%(100C 7+A W¥72h)
3] ~® pulperZ Hulo] ode] dYoE A o] &
© #7148l gure 222 Yzt
s B or dudr] or ¥AHE REEE EF T WHoE Fgrlasld A &
= zH
©® #7435 Sl Biogas 375 (W& 65%, ©]4tks) 35%)
@ #7148l g A= i) eEe] 252 oF 4 FgFslel Agh

® Biogase A71A4 B WAt~ oA AR AL
© A% Was UAE 5% FY D A7Es 2y

W H%F greelAs s 5= 482 A87Hs

Cambi™ THP vs. Conventional Anaerobic Digestion

INCRERSED ENERGY EFFICIENT Y INCREASED HIGH CLASS

BIOGAS BIOSOLIDS/
PRODUCTION FERTILIZER

DIGESTER AND CLOSED
YIELD PASTEURIZATION

I=] = =] I=]

c c c c

S o i i S S =

= c c =

o a a a

g I. I. I. g = =

s} o =} s}

(W] o o (]
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- 2-3 times enhanced - All steam recycled — - 30-100% more biogas - 50% mass reduction after
digester capacity comparable to heating production than conventional dewatering

- Per m® digester volume: sludge to 102° C technology - No odour nuisances
- 3.5 m? biogas/day - High dry-solids feed - Class A/ 100% pathogen
- load up to 7 kg VS/day (14-18% DS) destruction

- No pathogen regrowth
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1. Thermal Hydrolysis
Milton Keynes UK
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Why Thermal Hydrolysis?

Enhanced biogas production

- 50-65% of the organic matter (Volatile Solids — VS) in sludge converted to
biogas

- High quality biogas, rich in methane, low in H,S

- Ideal for green electricity, as renewable vehicle fuel, or substitute for
natural gas

Improved dewaterability after digestion by 50% - 100%

- Dewatering up to 40% DS (dry solids)

- Less material handling/transport

Significant mass reduction

Less water evaporation for sludge drying

Digested and dewatered Cambi cake stockpiles and composts easily
without any additional structural material

Pasteurization and stabilization of final biosolids product/cake

- Thermal treatment at 165°C for 20-30 minutes before digestion eliminates
all pathogens

- No regrowth or reactivation of bacteria after dewatering

- High organic matter conversion in digestion gives low-odour and stabilized
biosolids

The process has no negative odour
- Odour nuisances eliminated in the closed process cycle

Highly energy-efficient and reliable process

- Maximum reuse of steam in thermally insulated vessels

- Maximum dry-solids feed (14-18% DS) to the Thermal Hydrolysis Process

- Thermal energy use is thus comparable or even less than other methods
of pasteurization

- Direct steam injection avoids clogging and unexpected shut downs of heat
exchangers

Lower retention time and higher dry-solids content in digesters

- Reduced viscosity from thermal hydrolysis (making the sludge more fluid)

- Digesters can be fed with a sludge concentration of 8-12% dry solids (DS),
twice that of a conventional digester

- Increased speed of digestion

- Together these factors increase digester capacity 2-3 times, with loading
rates up to 7kg/m3/day of organic matter

Robust anaerobic digestion process

- Ideal feed for anaerobic digestion; consistent and free of unwanted
micro-organisms

- Elimination of foam-causing filamentous bacteria

- High alkaline buffering capacity (pH 7.5 - 8.0)

- High active biomass concentration

Compact design makes THP easy to retrofit to existing sludge
treatment plants

Existing digester assets can be used to treat sludge or other

biowastes from a wider region without further investment

- Feeding digesters at more than double conventional rates increases the
capacity of existing plants or minimises expenditure for new digesters
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2. Enhanced Enzyme Hydrolysis (EEH)

enzyme hydrolysise HA <] &4 A3} £59¢ 42CA S48
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Enhanced Enzyme Hydrolysis

The process is operated with
both a mesophilic and a
thermophilic stage.

Reactors 1, 2, 3 are operated
at 42°C (mesophilic), with an
Hydraulic Retention Time of 1.5
days.

The thermophilic pasteurisation
stage operates at 55°C with a
retention time of approximately
1.5 days incorporating a 5-hour
batch hold time.

2. Enzyme Hydrolysis
Blackburn UK
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3. Thermophilic digestion
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3. Thermophilic digestion :a..
Vancouver, Canz_;da
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4. Ultrasound

@O %39 cavitation EFHE o] &3te] AEZE &S FTallA Fr1astelA HGA 71E&
AF or GA 7NEAE FAE F UA=EE F

@ @A o od3Ad <2 = (Surplus activated sludge)oll ¥+ 2 8715
@ 1z €8A= AT doAsdAY Gt Fr1Lstxdd T

@ F7)&8te] a3 oA LA E FE3] FH7F

1A/

off

- 256 -



4. Ultrasound
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Extender & booster

Radial harn

Ultrasound

e The intense energy from ultrasound waves
is sufficient to cause significant cavitation
within the fluid.

e This cavitation generates extremely high
temperatures and pressures of many
thousands of degrees and atmospheres at
the foci of the collapsing bubbles.

e The high temperature and pressure of
cavitation causes cell lysis and making the
sludge more easily digested.

o Installed at Minworth UK in 2006/7.
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5. Microsludge

MICRO SLUDGE
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BEFORE AFTER

Homogenizer Cell Disruption Valve

=

WAS Homogenized WAS
40,000
DRYTONNES
100% —
0 - 20,000
80 L . 25,000
70 b DRYTONNES
60 SN
= 50 [~ 16,000 15,000
-+ L i3 10,000 DRY TONNES/
ATED gg — 20,000 #h‘ DRYTONNES HE
1,000 ——
! 20
ey | 10 [
UNTREATED RESIDUAL BIOSOLIDS RESIDUAL BIOSOLIDS
BIOSOLIDS WITH CMAD WITH MICROSLUDED
(&% : Dry Ton)
Biosolids SojAa| o JIEZY MicroSludge?2 | MicroSludge | MicroSludge
Type == IHNEMEY EHEMNSY HelAl S0t Helg s
Primary 20,000 9,000( 45%) | 9,000( 45%) 0 0%
WAS 20,000 16,000( 80%) 1,000(5%) 15,000 95%
Total 40,000 25,000(63%) | 10,000(25%) 15,000 75%
. TWAS Concentration(%TS)
Operating Cost Parameter (

[U tonne] _ _
S¥/dry 4 5 6 7
Electricity 38 30 25 21

Caustic 11 9 8 6
Maintenance 18 15 12 10
Total Gross Operating Costs 67 54 45 37
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Projected Energy Output FROM Micro Sludge

Input Value
Total Energy Available in 1 Dry Metric Tonne of Waste Activated Sludge 4,965 KWh
Volatile Solids Reduction of Waste Activated Sludge with MicroSludge 95%

Total Energy Available in 1 Dry Metric Tonne of MicroSludge Processed WAS

4,720 kWh/dry tonne WAS

Biogas conversion to electricity at 30% conversion of available energy

1,420 kWh/dry tonne WAS

Waste heat generated from electrical conversion at 35% conversion of available energy

1,650 kWh/dry tonne WAS

20-25T temperature increase of WAS per hour 22T

Heat capacity of WAS 4.18681/C g
MicroSludge process 8,000 litres of WAS per hour 8,000 L/h WAS
Thicken WAS to 6% total solids 6% TS

Time to process 1 dry tonne of WAS = 1,000/(8,000 x0.06)

2.08 h/dry tonne WAS

3,600 kJ equals 1 EWh

3.600 kl/KWh

Waste heat generated from MicroSludge=8,000% 2,08 4.1868 x 22/3.600

425 EWh/dry tonne WAS

Total Heat Output per dry tonne WAS=1.650+ 425

2.075 EWh/dry tonne WAS

Iet Electricity per dry tonne WAS=1,420-505 kWh/dry tonne WAS

915 KWh/dry tonne WAS

Iet Electricity + Heat per dry tonne WAS = 915+ 2,073

2.990 kWh/dry tonne WAS

5. Microsludge
Chilliwack Canada

IMPACT RING HIGH SHEAR ZONE

12,000 PSI

]
VALVE SEAT

VALVE STEM
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Microsludge

Thickened SAS (5 to10% DS)

flows through a coarse filter,
CENTRAL PROCESSING SKID

Caustic (NaOH) is added and ; CHEMICAL
1 COURSE CONDITIONING
mixed. FITER | HIGH SHEAR MIXER TANK

The chemically conditioned SAS ™A% f
is pumped through a gas/liquid
separator and fine self cleaning

filter, before being fed to B cHEMICAL
FEED PUMP

Cell Disrupters, where an
enormous and sudden pressure
drop lyses the bacterial cells.

The MicroSludge processed Reete
SAS discharge then flows to the ik
anaerobic digester.

Cell Disrupter Valve

TWAS (INTACT CELLS)

VALVE SEAT
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6. OpenCEL

www.opencel.com
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Key operating parameters |+ Puise Frequency ——
Field Pulse Pulse ] ™ F_pumm
Strength Width Frequency ]
1510 100 210 10 g1
g SRRk kHz |
Mono or bipolar pulse e e J
Milliseconds freatment time Time

What does FP look like?

_—

High High
voltage | — voltage
Power Pulse
Treatment
spply generator e o
mf
E h} T |
GND | T2 Tl
Signal generator (f, T) Biosolids
Treated
BioSolids

OpenCEL™ holds 8 issued U.S. patents® and additional IP covering Focused Pulsed

equipment and its application to enhance biological conversion processes
"ULE Patents lsssed 5595580, 5 893979, 6030538 6,395 176, B 491 B0, 6. 540,919, 6.709 594, 7 001 220
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6. OpenCEL

Voltage

Pulse Frequency

Pulse
—»  width |¢——

I I

Time
FP (Focused Pulsed) technology.

Pulses of high voltage electricity bombard waste as it flows between two electrodes.
Typically, the bombardment lasts 20 to 100 microseconds.

The bombardment breaks down the cell's membrane, which then becomes permeable to
small molecules.

As these molecules penetrate cells, they swell, and the membranes rupture. The process
is known as “electroporation” or “lysis.”

OpenCEL

h\

A full-scale Focused Pulsed unit in the
Mesa, Arizona Northwest Water
Reclamation Plant.

e |Installation will be performed with minimal
interference to ongoing operations

e Completed September 2007.
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7. Cell rupture

D %= YA LY A 3~6 barZ 7}¢3lH biogasES FYtH 7127 dose) Ao =
OSHA FETFHE FIA mEA AEES FIA Sk
Zete st AlZ Y59 Z1A Y F397) 1837% F7staA AE 93

Cell Rupture Biogas

Sludge to
digester

Biogas
Compressor

Biogas
Cell lysis improves

digestion and
biogas production

Depressurisation Tank — cells

Sludge
feed Reactor 1 - Reactor 2- gas rupture due to large volume
gas and dissolves at high increase associated with
sludge react. pressure in sludge decreasing pressure.
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7. Cell Rupture
Old Whittington UK

2. 7H83t 7= #4d AAAE HE

D 7led 483 244

Table 1 Technology experience
Technology First trial First Full scale Number of full
plant scale installations

Thermal Hydrolysis Early 1990 1996 24
Enzyme Hydrolysis Late 1990s 2002 11
Thermophilic digestion 1950s 1954 >20
Ultrasound 1990s 2000 >10
Microsludge 2000 2004 3
OpenCEL 2000 2007 1

Cell Rupture 2004 N/A 0

Factor influencing the installation of advanced digestion

Zt 1 d79 A7 Lo 2 Full scale plant 744 A7)} &) A3} plant 244 A
FE e Foltk 2009 119 A o}2 Microsludge, OpenCEL, Cell Rupture:= o}z A&
3} plant 7H<=7F 570 olgt2 o}& &3] 83t FHA Eg dEo|n.
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Advanced digestion process flow sheet D
EKCBSS
biogas
bumgr

Cake

Out

L Sludge Advanced :
Thicken Digested
85 fesed Tk digestion enp:& Ehaint Sludge sludge Cake storage
dewatering
Liquor treatment
CAAY 71e€S AL3= d7)14 3 flow sheetd

140

130

120

-
—
(=]

Relative cost (%)

100
90 -

it

80

70 A
Mesophilic ~ Thermal Enzymic  Thermophilic Ulrasound Microsludge OpenCEL  Cell rupture
Digestion  Hydrolysis  Hydrolysis  Digestion

Fig. 1. AAz2] 7<€® A2 vl&

- 267 -



st @71astxe Arle FYEHv €8A9 ¥ = dry solids thermal hydrolysis

11%, enzyme hydrolysis 7.5%, T2 71&€2 6%=2 7F4ste vlustyth. & AEu]g o=

At 5 £YEY A weHA gtk WAL FT HEANY £UA A
NrEe AEoR Feasts Yo BHLHAT AGHE EOR Bl

@ Ultra sound, microsludge, cell rupture, and open cell2 SAS(Surplus activated sludge, <
AGHEHA)IE A& Jhssith mEkA SASTE A 2E o AA|do]l AT olH T A5

SASRE AbstAY 2217t 7Hs®k stellwt A E7bs

@ AFAIE 18L ] FAasolA Lstxe FJsE = £8A 9 5 ©wE dEH< 3
A 1¥EY 3 HAEE 935t YERA A o|ti(Table 2)
Table 2 Assessment of volatile solids destruction
Sludge mix Primary (%) SAS (%) Volatile solids
destruction (%)
All primary 100 0 58
Al 545 0 100 32
Mixed primary/SAS 50 50 45*

*CIWEM (1996)

© AFAZE 18Le] T2a3txE JIUE of&st AAE Zlee AHEst 13 A

oo LA 505002 EF A L{ste] LA 1FE JIAHEE =T
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Tahle 3

Advanced digestion volatile solids destruction

Primary SAS (%) Overall Number of Reference
sludge (%) average full scale
volatile installations
solids
destructio
n (%)
Thermal 60 24 Basad on Aberdeen (Jolly,
hydrolysis Potis (2004))
Enzyme 52 11 Based on Goddards Green
hydrolysis (Bungay, Abdelwahab
(2008))
Thermophilic 56 >20 Based on Vancouver
digestion. operational data and
Yokohama pilot trials
(Kiyohara et al {2000))
Ultrasound MN/A a6 55.5 =10 Based on Severn Trent trial
{Smith, Griffiths [2004),
Collett et al (2004))
Microsludge N/A 60 59 3 Based on Microsludge
published literature,
OpenCEL N/A 55 56 1 Based on lab trails
(Banaszak, Rittmann (2008))
Cell Rupture 45 51.5 0 Estimate only

AR AAAE Bl AHed &9 72 v 2o

Unit costs

Polymer

Cost of power usage

Income from export including ROC
Sodium hydroxide

Cost of sludge disposal — land

Cost of sludge disposal - incineration
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£kg 1.67
E/kwh 0.079
E/kwh 0.115
E/tonne 77.0
£/wet tonne 18.3
£/wet tonne 87.5




® A7) AR AT

A7) AAAFS ALkE vlo] et~ E o] &3 AW FLH(CHP)E 7FoE AT BE
A Y dBPLAOERE Frisx 258 FASt=H 283 oAlyAE o] &
3+, Thermal hydrolysis, enzyme hydolysis, thermophilic digestion2 &l X]E nH}o] 27}~
ZHE A3 Ultrasound, Microsludge, OpenCEL2 H7|ANUAE EHAAMEE I3 3t= 9

AR A7 AHE3,

Table 4 Specific electricity usage
Technology Units Value Reference
Ultrasound I{'mr,-"rn3 2.5 Smith, Griffiths {2004)
Microsludge Kwh/tds 750 CH,M Hill (2004)
COpenCEL Kwh/m’ 27.7 Banaszak, Rittmann (2008)
Cell Rupture Kwh/m” 2.0 Old Whittington trial (2007)

Table 5= 50/500.2 1xt&2] A ¢} 2xEH A S E36te] A Lstn BE 7% &9 &

)
ftlo
I

‘(I){_l‘
o

G A7IAEF R 18000tds/a A el e plantE 7€ = A4bE Stk Table 501

A A7 AMUAE AT AR Agete 7% AAAEHe] = AL Hal

Table 5 Advance digestion power usage
Technology Power usage kwh/tds
Thermal hydrolysis 310
Enzyme hydrolysis 304
Thermophilic digestion. 178
Ultrasound 675
Microsludge 555
OpenCEL 407
Cell Rupture 204
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Specific-electricity usage

Electricity used
to rupture cells
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Increased

= . mechanical plant
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Mesophilic Thermal Enzyme  Thermophilic Ultra sound Microsludge OpenCEL  Cell rupture
digestion hydrolysis Hydrolysis digestion
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A &g glo] &3] 7

Thermal hydrolysis®] 7%l EHILHES FalA LojA= oliAzZE Al
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Mesophilic Thermal Enzyme  Thermophilic Ulira sound Microsludge OpenCEL  Cell rupture
digestion hydrolysis  Hydrolysis digestion
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Dally income from power (£/day)

:

:

:

40004

3500+

Mesophilic  Thermal Enzyme  Thermophiic Ulra sound Microshedge OpenCEL  Cell nupture
digestion  hydrolysis  Hydrolysis  digestion
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1
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Fig. 3. 2 *g] ¥A ¥ Power balance
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Cake dry solids vs. Volatile solids for conventional and thermally treated sludge

40.0
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- *
20.0 »*
*
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+ Conventional digestion m Thermal hydrolysis and thermophilic digestion
== | inear (Conventional digestion) == inear (Thermal hydrolysis and thermophilic digestion)
Fig. 4. 7]&¥ A3 23 sludge cake?] dry solids¢} volatile solids ®]al
Table 6 Cake dry solids

Technology Cake dry solids [%)
Thermal hydrolysis 317
Enzyme hydrolysis 26.9
Thermophilic digestion. 31.3
Ultrasound 25.6
Microsludge 26.9
OpenCEL 25.8
Cell Rupture 24,1
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Cake dry solids

T T T T T
Cell rupture All processes improve =
dewaterability, thermal
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Value for money
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IEA Bioenergy Task37 (http://www.iea-biogas.net/_content/publications/member-country-reports.html)

v EPA AgStar Project (http://www.epa.gov/agstar/projects/index.htm)
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