BEBEDS B BY H3 4
HEBLBEE Vol.27. FI%k (1984)

RERZEYC| HEHgREet 1 FIRS
ok K

FebTRBUE J YR I JERT

Anaerobic Digestion of Agricultural Wastes
and lts Benefits

Young-Dae Park

Institute of Agricultural Sciences, Office of Rural Development, Suweon, Korea

Abstract

Anaerobic digestion has recently attracted all over the world and Korea
also shows no exception. The major benefits of anaerobic digestion are
energy production, water pollution control, pathogen reduction and effective
manure production.

In Korea it was recognized in late sixties that there was a positive
need to find alternative energy for farmers household. The main tradition-
al energy sources in rural area were crop residues and forestry products.
Therefore Office of Rural Development through its Rural Guidance Bureau
disseminated about 29,000 household biogas units from 1969 to 1975 to pr-
ovide cooking fuel for farmers household and to improve the mode of far-
mers living standards. The units were welcomed by farmers at that time.
Now, however, most of them are not using due to a number of reasons
associated with cold winter and some techno-economical problems (in those
day, fossil fuel was quite expensive to compare with other prices and since
then farmers income was quickly increased).

The author studied on bag type household biogas plant to solve some
technical problems of existing household biogas plants, but this also has
little appeal for the farmers.

From 1977 author studied on village scale biogas plant with two pilot
plants., From the viewpoint of energy production, COD removal, kill rate
of pathogen and fertilizer value, the results obtained from the experiments
were quite promising, but the construction cost of the village scale biogas

plant was too high for the farmers in Korea.
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To find most suitable biogas plant
simplifying the biogas digester, the author

plant.

for farmers in Korea through the
developed batch-load biogas

By feeding coarse crop residues and manures, total solids concen-

trations of the batch ~load biogas plant are about 28 percent which is much

higher than continous digester of 5-8 percent.

The batch-load biogas plant was welcomed by many farmers in Korea

when it was reported on TV and newspapers.

The plant was disseminated

154 units in 1982, 766 units in 1983 and 812 units in 1984 as a promissing

project.

Besides these biogas plant experiments, studies were also conducted

1) to determine gas production' rate with agricultural wastes, 2) to evaluate

the effect of loading rate, dilution, retention time on biogas production,

3 ) to project the amount of potencial energy from agricultural wastes.
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Fig. 1. Anaerobic fermentation of organic solids

BB R Y] AR BRe)
feflo s HIMER WY WH2 SRET WLl
Bolth o] HMH WRS H_BM HEm X
ol stk

BB BN T i) MeMEE) fehol
ARG 0.2 A= ol o] WY MW
Fshe GUEMe T2 RMEoBA Bo Kol M
o] ad glrh

PR RN 4RE (SRR
ol ehgie) e sEskist sle gl b
B EAR bl Afislel Qo K8 iR
U AEH EmE %4 Bod 2FAx  IEE
o] wlebio] frEsts Aoz &' ojml
RS RAW HBBBAA £RD  KE
o} WE@tes CH, & &S E shl B
HmolA slelo] £ls: #@Ee CODz #

Hald 29 72 %rl BeRRolA fizksle (R 2).

Complex
waste
100%
% COD
20% formation
Propionic Other
acid 15% intermediates

Fig.2. Pathways of methane formation 3

1
i

@

'
[
'
1
1

NI EHBRE el ERAT
1. Bl PH

o e ERRES) B pHe 7.5 Witkol ol EiMHE
B ERE A A Sl B®e pH
ET3stetr ByHo] &g ol =izl pHE #HRExs]
LAt 7.5 8547 "ol pHOF @ el B
&3t FtAFe REtE SRl wx  dHlerts
afo] Aol Ho] ¥x %o pH7t LEARLF
o HEER stAFole WEbkE ARol wol ¥
o] & gk 2¥3 ).

% pH
CH,

—
(=4
(=]

50

Gas Composition

2 A A 1 1 1
510 20 30 10 50 60
Days After Incubation

Fig.3. Change in composition of gas and
pH
ERE Bfiolnz —id SRS BAsA B
feo] E#sle Amme pHsF KT B4l
Ftas Bol & 3 etk ook FE ARl
= AKWE = dRVekrel 2 HEE pH
2 PO 2 MM FIEst oF Wtk =¥

TRAREL BEEY B3 % BEsln FEEE —

Brol HRS RASA %2 Aol BE pHE #
Frehe ket



2. BERE S FEFERTEHE

o eHERE¥ ol o] s Holle AIRBI( 30~ 35
C)3 BRE(465~57C)e] gow 72B4&E
3 Bk BORL BEd Lflste] Emdicl
BENME REME R Yo THEEKe
Basta TAAEY HER =+ BESERO 9
BBM e miEs RES A v o #EETR
BES #Esld 35C itk PEBsEst £

[Es #7850 ( Hydroulic Retention Time)

& BAWo| BEEH WY WS wabe WM
e BRe BAIRA S RREes et

weld BAshs el Bod HRTE g@obA
w HRTg} mlelrtre] RaEfe HEL MFT A
ok HRT7} gond AEE tABERE BT
HRT7 Awl HrE 7t2BE R shoul ABE
reB4Re A (X1 ). = HRT = Afld4e
B ERAAE Aol ok HEMS] ML BobAA
tepeRE B (R2).

Table 1. Effect of loading rate on biogas production n
HRT V. S. fed Gas yield
M
anure (Day) (g day ) Per volume Per V. S.
y 8/ cay (1,/1/day) (1/ kg. VS/day)
10 100 2,53 100 506 84
. 20 50 1,45 57 578 96
Chicken 30 33 0.98 39 585 98
40 25 0,75 30 600 100
10 100 2,29 100 457 85
Pig 20 50 1,26 55 502 93
30 33 0,88 38 525 97
40 25 0,69 30 540 100
10 100 1.30 100 259 60
20 50 0,88 68 350 81
Cow 30 33 0.66 51 393 90
40 25 0,54 42 435 100

Volatile solid content

Table 2. Optimum retention time and gas7)
production at different tempera-

tures
Diges- Optimum Gas \'S
ter retention produced Dest-
Manures Temp. time per royed
volume

(C)  (days) (L 1day) (%)
15 55 0.48 50, 8

20 40 0,72 60,5

25 30 1.38 61.1

30 24 1,80 71.0

35 20 1.45 75.0

15 60 0,24 40,0

20 45 0.42 41.4

25 35 0,48 60.0
30 20 0,58 59,0
35 30 0.66 65,0
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Table 3. Increase in gas yield obtained with mixtures of wastes ")

Total gas Increased  Total gas Increased
rate by rate by
Manure production  mixing production mixing
materials materials
(1/kg. Vs) (%) (1/kg. Vs) (%)
Cow 380 437
Pig 569 628
Chicken 617 643
Night soil 265 304
Weed 277 316
Cow + Pig (50:50) 510 107 544 102
Cow + Chicken (50:50) 523 106 554 103
Cow + Night soil (50:50) 407 116 474 128
Cow+ Weed(50: 50) 363 105 421 112
Pig+Chicken (50: 50) 634 106 663 104
Pig+Chicken+Cow (50:25:25) 585 111 601 103
Chicken+ Night soil (50:50) 413 101 478 101
Chicken+ Weed (50:50) 495 101 590 123
Night soil + Weed (50:50 ) 387 139 437 121
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Table.4. Selected physical and chemical properties of methane *

)

Chemical formula - CH¢
Molecular weight 16.042
Boiling point at 760 mm -161.49 C
Freezing point at 760 mm -182.48 C
Critical pressure 47.363 kg /o
Critical temperature : -82.5C
Specific -gravity (air= 1.0) : 055

Calorific value (65% CH,) 6,160 Kcal/
Flammability in air (% CH,) 5-14

Ignition temperature 650C

Combustion equation

CO,/ CH, from complete combustion

CH,+20,— CO,+2H,0
1.00 by volume
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Table 5. Biogas production from London sewage treatment works
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Areas Popula- Untreated sewage Influent Effluent Sludge  Biogas
tion
Place Total Average BOD _ SS BOD produced produced

(km®)  (10°) (10*42) (10'7) (ppm) (ppm) (ppm) (s /d). (A/d)
Beckton 282 2,39 32,600 89,2 304 353 66,0 7,750 77,000
Crossness 205 1,53 18,800 51,7 479 571 19,0 4,950 52,600
Mogden 427 1,35 14,400 39.1 275 331 7.9 3,570 57,700
Deephams 249 0,69 6,110 16,7 357 . 431 5,7 1,740 21,800
Riverside 127 0,34 2,983 8.1 400 547 70.0 720 10,600
Beddington 140 0,34 2,741 7.5 342 561 5,0 650 10,700

Hogsmill valley 1,671 4.6 362 412 9.5
Surbiton b 70} 0.2 273 0.65 246 264 12,5 478 5,484
Wandle valley 23 0,09 1,000 2.7 286 296 7.6 300 -~
Kew 23 0,08 1,142 3.1 175 218 3.1 115 2,087

Worcester park 36 0,08 556 1,5 408 524 12,5
. 150 2,500

Sutton 9 0,04 313 0,85 417 427 7.4
Redbridge E 8 0,04 316 0.8 353 341 12,9 - -
Redbridge S 65 0,03 217 0.6 330 339 8.9 36 -
Bury Farm 23 0,02 150 0.4 338 466 5,0 30 -
Total 1,628 7.2 83,335 20,489 240,471
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Table 6. The effect of methane fermentation on alcohol wastes!®

(’70, 5 plants, Japan)

Amount of treatment Biogas produced

BOD

per year

Wastes V. S. Total Amount per Influent Effluent Reduction
amount ton V.S.

(k1) (t) (md ) () (ppm) {ppm) (%)

233,401 9,261 5,585,403 603 25,718 3,352 87
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Table 7. Number of household biogas units installed 5)

Year

Place 69 | 70 ! ‘72 73 15 Total
Pusan city 50 54 2 106
Kyunggi-province 72 180 101 1,050 523 56 1,982
Kwangweon~province 60 50 700 553 32 1,395
Chungbug - province 62 60 100 600 699 32 1,563
Chungnam-province 83 69 100 1,030 1,098 451 2,831
Jeonbug - province 62 80 100 1,000 1,074 448 2,764
Jeonnam -province 101 117 1,000 2,100 2,553 1,088 6,959
Kyungbug ~ province 62 60 484 1,501 2,072 927 5,106
Kyungbug - province 62 60 1,000 2,030 2,077 964 6,193
Cheju -province 5 50 5%

Total 504 691 2,985 10,061 10,703 4,000 28,944
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Fig. 5. House hold biogas plant
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Table 8. Comparison of digester temperature and biogas production between| PVC-bag
type and exsisting concrete type biogas plants 9
Plant I 1 2 3 4 5 6 7 8 9 10 11 12
an tem Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. |Nov. Dec.
PVC- Dig.temp.('C) 8.1 8,9 12,5 186 264 29,3 31.8 33,0 29,4 23,6 [17.7 11,0
bag
Gas produced 420 - 48 660 1,000 1,212 1,564 2,171 2,052 1,419 1,358 | 680 990
(1/ day)
Con- Dig.temp.(C) 7,1 5.2 4,7 9,3 140 17,5 22,0 23.5 23,0 9,0 (232 9.8
crete
Cas produced 264 135 183 410 1,146 1,410 31,843 2,030 1,937 1,578 | 380 433

(1/day)}

The PVC-bag plant ( digester volume :3,3) was fed 100 kg of pig manure ofice in a

eight ~day and the concrete plant(digester volume: 5.8 4 ) was fed 12.5 kg

manure daily.
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. 6
Table 9. Aver{ge of gas production, gas consumption and surplus gas )

(’78.1.1 ~ “78.3.31)

Gross gas Gas produced Gas consumption Surplus Gas composition (% )
production  per valume for heating gas :
of digester digester CH co
(m/ day ) (m/ ) (m. day) (m/ day ) ‘ 2
229 1.67 73.2 156, 9 58.2 41.6

Average temp.: Ambient : ~7.6C, Digester: 34.2C, Influent : 9.4C.

Table 10. Biogas consumption for controlling digester temperature 9

A. Heat supplied by by biogas.

73.24 X 5,500 Kcal = 402,600 Kcal

B. Heat used for controlling digester temperature.
402,600 X 0.6 = 241,560 Kcal ( 100%)

C. Heat requirement to raise the temperature of influent.

34.2C-9.4C= 24.8C

8,400 X 24.8 C = 208,320 Kcal ( 86% )
D. Heat losses due to conduction through digester wall.
241,560 - 208,320 = 33,240 Kcal (14%)
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Fig.8. Schematic diagram of village scale biogas plant®
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#elgob ("8 ), o] MRS HMIBKE B
1,300 B ( "79ER ) o] E4iv).

2) 7B R AFRBS B Ytk
1979 11 B 21 H~19804F 3 H 10 H7b#| 3=
1.9 B9 K#Es KBaksddas = 334
o B2 BAT FEE BAsd Yk EREGY &
BE #W10% 93 HRTE H20HE sigdch

BRI ks BARQH R W CR B
gist et

AFo| —HFH taBERS 1854 VS
W FERERS 0,494, BEM ARE B
RS 1,85 m Yk =3 k2Tl CHe 20,
SRS A 65.4 B9t 343 %Pk (F11)

BB WE-S 35C2 o|=ul A delek

Table 11. Average of gas production, gas consumption and surplus gas 8)

(’79.11,21 ~ ’80.3,10)

Gross gas Gas produced Gas consumption Surplus Gas composition (%)
production  per valume for heating gas
of digester digester
(#/ day) (m/ m) (m/day) (m/ day) CH, Co,
185,1 1.85 30,2 154,9 65,4 34.3

Average Temp.: Ambient : 0.6C, Influent : 25.7,

< 30.2 7 P o] HE Mot BAERS
s gt

HiEel A ks BERS #932 %7 BME
i 5ol Ao ARERAA Bots B4
He 16 %7t SRR 22 ABBARBGERS) AR
Folch

KR ERER o5t 3.3 o

16 %)

(10.9C)<

Digester : 35.0 C.

12.3 CellA 58,6 C7k=| MMilst R —HFH 39.9
CZ E3vh. o] ABEEBIRA Kelo] FEa B
Bo —HAZFH 95,460Kcal ojm] 1449 wlelrbx
£ 6,000Kcal 2 st x99 #BHES 60
% Ve B A o] MBS 26,549 o Brls
of M=l (F12).

Table 12. Average results of solar water collector8)

(79,11,20 ~’80,3,10)

Input water Output water temp. (C) Collected Amout of
temp. cal. biogas saved
(c) Highest Lowest Average (Kcal /D) (m/D)
10.9 58,6 12.3 39.9 95,460 26.3

3) KEPESHT - LFRBoI A FIHTRE 2R
& —AFH 1549 MAT FHhels BEAE M
Frol FTEEE dlml7ksBol A 7] =) Fo o] M3
< g WEE A FATRREL Bing A=
2 o] B —HFH (154.9+170)+ 2 =162.5
mE HEsl] WREER T SIS o6
T FBR Avsks 149 &EHs 112,709 %1
o (F13).

o] 19 &ERS MRRE EFF ('79.10,1)9
5 AZE RER 1bhE BEERKS LEste dis
7Hew LEREtRel dAs #ek (£14),

REHe 1459 BEstds £ER  7t2Re
&feo R AP HRERC B 1,700 #Y
o] =lr},

BUfe REAVA £ES SEAEHE BE

Table 13. Production cost of one cubic
meter of biogas?®

Amout
Items Quantities of money
(Won) b/
Products (Biogas ) 162.57,/day

Production cost a/
Personal expenditure 2 person/day 10,000

Electric charges 21Kwh/day 1,641
Depreciation cost 2,614
Repair cost 1,694
Fixed capital interest 2,843
Total 18,313
Production cost of one
cubic meter biogas 12,70

{18,313 Won,/ 162.5 )

a/ Production cost:Based onOct. of 1979 price
b,/ US 1§: About 500 Won.
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Table 14, Five person-household cooking fuel required®

Needed Amount
Fuel amount Unit cost a/ of money Index
per day (Won)
Biogas 1 7 112,70 Won/ i 112,70 100
Propane gas 0.5kg 627 Won kg 313,50 278
Kerosene 0.91¢ 179 Won /1 161.10 143
Anthracitic briquettes 2 piece 95 Won/piece 190,10 169
(Real calorie) (0.1 7 ) ( ” ) (176.00) (67)
Electricity 6 Kwh 61.18 Won / piece 367.08 328
a, Unit cost: Based on price of Feb. 1980
b/ Anthracitic briquettes: Burning 24 hours continued.
¢/ Combustion efficiency : Biogas 60%, Anth. briquettes P%,
Propane gas 60%, Kerosene 50%, Electricity 70%.
o2 FARHRS CFESERR RE¥RIA 519 5) HRFO FEx ¥ OREEER: o chEE

o BB @S axe] pERf e M
fE#el ¥he #HirE g, 2ev AR &Y
HHANA ZFAE FER T 5 e FlEo] 8lo
Ho7| B FEHRE BB FERA UNICEF
£ st HWXE Eael Jlo #E= HIE
thi® wl g3 Ely|ols 1973 4 B7ES RKR
o] # 200 & FTES gl &t

4) VS, COD ¥ BODSY FH4 : vietBlf= o
e wleirks 4gEs) vEe] AEWHL &
#tE ERM (VS), COD % BODrke 75/
i gth

AFBAHNE VS, COD @ BOD+= 33| B
PEglod(£15) BHESAE ot KEGR
ol sl ol & WHS g8l 208 o] B
< BRiel B2 43 HE Wil Kk & A5
COD ¢} BOD&: Y @iElko 2 50ppm Ll
TR BrEste ok et

8)
Table 156. Average reduction of pollutant

Ist 2nd
Pollutant Influent esffluent ef?luent
VS (%) 6.92 3.50 1.55
Reduction (%) - 49.5 77.1
COD (ppm ) 65,383 38,136 20,663
Reduction (%) - 41,7 68.4
BOD ( ppm ) 20,600 2,450 1,650
Reduction (%) - 88,1 92.0

£ ERFY BEE BRET ¥nl ohiel szl
WIRES ERA 7l AT st

KRB AN E FEBAEWHEF WERE HEkel
ol ol eHBME e RS FWHERT Wl
Aol =Y (K16 ).

Table 16. Kill rate of pathogen 1)

Kill
Organisms Influent Effluent rate
(%)
Ascaris 200 - 100
(E.P.G)
Trichuris 2500 100 96
(E.P.G)
E.Coli M.5%10° TTx10° 99,8
(CFU,/ml)
Intestinal
coccus 12.8X107 -~ 4,0x10°  96.8
(CFU,/ml )

E.P.G= Egg per gram of feces.

C.F.U/ml= Colony forming units per
ml.

6) BEWe) BEE: ERE B BEAA B
B7l BEsla BREI F48c] BRdE BREY
BB} dpE=l o,

KRB B 0 BHe £175 2o
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Table 17. Fertilizer value of digested slurry!V
Nutrient content Fertilizer effect on grass pasture plant
(dry weight.%) Orchard grass Corn
Treatments . (kg 10a ) (kg 10a)
0. M. 60 No fertilizer 756 (100) 1537  ( 100)
T-N 2.1 Check ( N.P.K) 1338 (177) 1789 (116 )
P,0s 6.8 Slurry 1208 ( 160) 1767  ( 115)
K.O 0.9 Slurry + P. K 1190 (157) 1743 (113)

Water content of the slurry : 9 %

REAA HEDA FRER

PR KB b2 BRS FRel BI=A
BRI BHBEHRYS BRRT K
Hestz HEHko] MBET BREL wlwsl2
R BB A EFS] 1981 o] A FERE wijer
7t EEFAT t RES #IBS B4 o
FAA ol ertafs s ok

Az BEs AIAA At RS 1Y 99
o] HRe FE By ANE HERZ e B
Eelg9l o S 7t E Esle teE 2 Tt
2FFEFHUR 5o vk o] MEERE ESA(Batch
load type ) 024 #5k ERY HALE HH

e difEKe] BARS PHHAL] K] Zo} M
Bl 22 BRAERS A AR Xt AE
o] fiAl= EAE T Y&
Wl REE W57 Slskd

i ohieh B

B E8 4 97l e

25 —

Composting Digester

Gas holder Gas Burner

Fig. 9. Batch~1load

ol BE#S Bo| ol AERMEE AY gtk

o] R 1EHRALE EFd: H3~4EA
HAY & 3 £Fd e W2 @A BE ¢4 &
T+ vk &% WHRERLES BMYa FES
WAz BREZ HES wee] 294 #iEme
a7t mEEe —H A BR4ERSE EFudg
#1568 Bou Jlag4d Hriiwe g (a2d
10). o] FAH#Me] v ALmEESE <dx
BEH 250 v FEE o] Esldol s+
%‘a—éoﬂﬁ e BB Faas pEEe AR

o REY #iEs =i

o] MR Mbzt TVE Este] B =Y
BREES B MRfES] glol 1982 4Ed

e
1982 4Eol] 766 3&, 1984 4Fe] 812 &,

i 1,132

154 3,

Compost
biogas plant 10) posT

Compost temp.

3- v.\‘ —~
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~2r /Gas ylel 105
= (Winter ) S
2 0\_9\ & \ s
>sl o———o =30 [oR
@ Gas yield (Summer )\ QEJ
O ~
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Fig.10. Digestion period and biogas
production 1)

EE Bite]l mE¥AsG o SHAE AL K
X ¥Ed BEo|rh
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Table 18. Biogas production from agricultural wastes V)

‘Manure dropping Collectable V.S. content  Biogas produced
Wastes amounts per V.S
(kg/ head /day) (%) (%) (m/ kg)
Cow manure 18,00 50 15 0.37
Pig manure 4,00 60 24 0,48
Chicken 0.13 80 22 0.51
Crop residues - - 64.7 0,28
Rice husk - - 71,6 0.23

Table 19. Potential fuel value of biogas

produced from agricltural wastes in Koreall)

No. of  Collectable Potential Converted in fossil fuel
animals  wastes biogas -
Wastes volume Propane Kerosene Coal
(103 (10%ton/ (103 %/ gas bri(}ugttes
heads) year ) year ) (Ton) (K1) (10 * pieces )
Cow manure 1,754 * 5,762 319,784 151,578 204,374 121,262
Pig manure 2,183 * 1,912 220,297 104,421 140,792 83,536
Chicken manure 46,592 * 1,766 198,129 93,913 126,624 75,130
Crop residues - 7,752 %% 1,404,352 665,662 897,523 532,530
Rice husk - 858 ¥ 141,29 66,974 90,302 53,579
Total - - 2,283,857 1,082,548 1,459,616 866,037
1) » ‘83 Agr. and Forestry Statistic. 2) One 4 Biogas : 5688 Kcal

*+ Institute of Agr. Sciences.

BEBREY, £FEBAK THERK, &z %d
A Rl L vlvstAE £EY B4 ozl o]
£ BEpe KNEMEE EEsle BHFEEAO e B
Bllbel Ao} o] wintiiff= fHY THoz REAEGEAclels FlBl o £BRAE =274

HIEHgEE 2| RE
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