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Introduction (1)

® Livestock manure production in Korea 2.5 times

- Population growth o

- Increase in meat consumption 50000

60000

= 17,000 ton/d in 2017 e 1992 2000 2007 2015

-MQOE, Statistic livestock manure treatment 2015

® Livestock manure treatment status in Korea

Wastewater treatment

[0)
8.3%) Etc. (2.7%)

/

- Lots of electrical energy
consumption

- Odors and environment
pollutants emissions

I Composting (89.0%) I
. 1

- MOE, White paper of environment 2016



Introduction (2)

Water VS Theoretical | Digestion | Practical Biogas
content | content maximum’ | efficiency value |generation| Production
VARRKELER) (m>/ton) (%) (m’/ton) |(10°tonly)| (10° m3ly)
Food
83 95 1.3 147 70 103 5.6 576
waste
Sewage
sludge 80 90 1.3 164 50 82 3.8 315
(cake)
Livestock g, 90 1.3 82 40 33 63.3 2,072
waste

" Theoretically, 1 kg COD =0.35 m3, CH, = 0.7 m® biogas (CH, = 50%)
Food waste — 1 ton x 1,000 kg/ton x 0.17 x 0.95 x 1.3 x 0.7 m3 biogas

2,963 x 105 m3 =1,482 x 105 m3 CH, = 54,075 x 10° MJ = 12,924 x 10° Mcal
=1,292,387 TOE
(<0.5% total primary energy supply in Korea 2016) (36.5 MJ/m3 CH,, 1 TOE: 107 kcal)



Introduction (3) PROBLEM

Odor emission
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<Storage time>
1-6 months




Introduction (4)

months. Impact on biogas
production?

¥

Bedding materials

- sawdust, husk

- changed frequently during winter
(once/month)

- there is no standard for changing
(but when cow is coated with feces)
- 500-2,000 USD/month/100 cow

Cow house

- Volume reduction of cow manure
- Summer: dried condition

- Winter : wet condition

- Odor problem was significant

both in summer and winter

Compost storage field

- Stored for 1-3 months

N




Introduction (5)

ol MANUFACTURING

ELECTRICITY 'RANSEURT CONSTRUCTION
42 HEAT 15% 13%
U
GIGATONNES OF 30% me

C02 EQUIVALENT

Human Induced
Greenhouse Gas Emissions

i’gﬂ% 9%

- FAO, EDGAR, and World Resources Institute

4.2 Million
ton CO,
eq./

- Ministry of Environment, South Korea, 2017 6



Introduction (6)

Influential factors

/ ACIDIC ALKA_NE \
- NG 6 660606060

YELTIAL
pH value

Bacteroidetes .

Firmicutes -
Proteobacteria Y| y d
Verrucomicrobia d y

-4 Methanogens
Microorganisms Temperature Water content

- Research objectives

» Develop CH, emission reducing methods in lab-scale experiments

» Apply to pilot-scale plant

» Effects on odor and biogas production




Reducing Strategies

1 —p—
Strategies — 1. PH 3 (H504) E CH,SH E
15t year —> 'H,S0,—] i Problems
|
l
|
|

ADIC ALKANE
2nd year — : ' |:> - |:> - H,S inc.rease
o U i1 - Safety issue
1

3d year ——

— 2. Temp. | = beemmmmmmmmmeeoeeeo : ﬂ
Storage tank Gaol: :
: | Combined
] methods
— 3. Salt addition {}
Q Microbial activity | —— Optimal solution
- GHGs |
— 4. pH | by sugar addition - Odor |
fermentation - Biogas 1
sugar — acids — pH drop - Economic aspect

— 5. pH | (environmentally friendly acid) —


https://www.google.co.kr/url?sa=i&source=images&cd=&ved=2ahUKEwi1nYDR8Y7bAhXLUbwKHchuBW4QjRx6BAgBEAU&url=/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwi1nYDR8Y7bAhXLUbwKHchuBW4QjRx6BAgBEAU&url=https://dinning.ru/ko/billet/we-cook-lightly-salted-cucumbers-lightly-salted-cucumbers-tricks-and-useful-advice.html&psig=AOvVaw17xz_vaSPaU-Gwax8oJ80L&ust=1526720056439375&psig=AOvVaw17xz_vaSPaU-Gwax8oJ80L&ust=1526720056439375

Results & Discussion (1)

= Acidification of PS (pH control, H,SO, addition) ‘ — 8

5
CH, reduction : 20-97% - Characteristic of fresh and
2 = —+— Control acid-treated PS
e L 44 —=—pHY7O
8 2 —a— p: g-g 40 d of VS COD
£ —<v— pHb. storage /L /L
E g —e— pH 5.0 51% Fresh PS 35.9 76.3
4 E— 2 { Control 25.5 53.4
B o pH 7.0 29.8 61.8
2 0 90%
g 5 11 0 pH 6.5 30.2 63.5
-
©= - ‘ pH6.0 309 665
0 e ' pH55 338 729
0 10 20 30 40
H 5.0 32.7 72.3
Time (d) P

Control pH 7.0 pH 6.5 pH 6.0 pH 5.5 pH 5.0

Sulfuric acid (95%)
addition (mL/L PS)

CH, emission 1.8 1.0 0.4 0.2 0.1
(kg CO, eq./ton PS) ' (51%) (73%) (90%) (95%) (97%)

0.4 1.3 2.7 3.5 6.0




Results & Discussion (2)

= Temperature control of PS

D
—
L =7

c o~
oS
S S 10 -
o . .
3 ® - Characteristic of fresh and
SO O g- stored PS
o O
T S 45 d of VS COD
O = 97 56% storage  (g/L) (g/L)
L T
Z % 4. FreshPS 584  104.2
% O
=0 > 35C 379 685
(@)]
-
o = 30°C 43.9 76.2
0 . . . .
0 10 20 30 40 50 25°C 50.1 83.4
Time (d) 20°C 542 955

— CH, reduction : 56% (35°C = 25°C)
: 10.3 2> 4.5kg CO, eq./ton PS

— Inhibition of organic

matter degradation



Results & Discussion (3)

= Salt addition

P -7 g Na*/L : 9.0 (34%)
S 14 -
£ -9 g Na*/L : 6.6 (52%)
12 —Y B —0
g ¥ L R°85 - 13 g Na*/L : 4.5 (67%)
2 10 A VG- , 5=
= v _OA - A
.5 . 78 ‘0 R ““‘A A _: Contro+l
o &7 + -V — 1gnNa‘L
£ 6 /4/5_ ts j"éé’ ¢ 9= sonan
T ‘ - ’g:g - O~ 0 Ol O senat - 50% reduction
PR g _ 8o gV 7 VTV DA et
> - — — +
Ny "3 e i9gNaL
2 j‘\ 11gNa'/L
3 o X/ | | TV 13y Na*/L
0 10 20 30 40
Time (d)
Control Na* conc. (g Na*/L)
Fresh  Storage 1 3 5 7 9 11 13

TS (g/L)  107.7 58.4 61.6 68.3 75.5 84.0 91.1 95.0 100.3
VS (g/L) 714 36.1 38.3 38.9 40.4 43.0 445 441 45.5

CcOoD 109.7 65.7 68.4 71.8 724 77.6 81.8 83.9 86.5

(g9/L) ] (40% 1) (B38% 1) (35% 1) (B4% i) (29%1) (25% 1) (24% 1) (21%1)
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Results & Discussion (4)

= Acidification of PS (EF acid addition)

70
& —@— Control
— <y — 25g¢gIL
% 601 @ — sogL —
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Control
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Results & Discussion (5)

= Acidification of PS (pH control, EF addition)

3.5
30 ] NH3
o . = HpS
o
S 25-
s N H,S: 27~72% |
< 2.0 A
c
©
& 15 —
£
o
—_ 10 T
o
o
o
0.5
0.0 - - B T T T IH
00 25 50 10.0 15.0 20.0
Citric acid concentration (g/L)
(kg/ton PS)
Control EF acid concentration (g/L)
009L) 25 50 100 150 200
NH, 2.7 2.9 2.3 1.9 1.8
H,S 1.4 1.5 1.1 0.8 0.8 0.4

VS concentration (g/L)

35 VS concentration
30 -
o
. 24%|
20 -
50%
15 ~
10 -
5 -
0 T T T T T T T
Frech Control 2.5 5.0 10.0 15.0 20.0
EF acid (g/L)
CH,
Biogas(CH,) Production’
Control: 3.6 m3 CH,/ton
55% 1

20 g/L: 5.6 m3 CH,/ton

*CH, yield: 0.25L CH,/g VS

13



Results & Discussion (6)

Cow manure (CM) | Dairy manure (DM)
 Fresh | oid | Fresn | ol [
16.7 39.2 14.1 49.2 i

Volatile solid (%) 14.3 24.5 12.5 35.9 r
DM |

Total solid (%)

COD (g/L) 234 .1 398.4 207.7 532.1

BMP test <=

CH4 YiEId —@— Fresh Cattle-M
5 ] 5 o
mL CH,/g TW’ mL CH,/g VS § — A= 0l Dairy-M
Fresh 28.4 198.9 g ‘
cm It VAR
old 26.8 109.2 5
Fresh 23.7 A 189.1 2
DM § ] CH, yield
old 34.2 95.5 5006 |
0 ¥ T T T T
"TW: total weight 0 5 10 15 20

Time (d)

14



Results & Discussion (7)

» Temperature control of CM

120

& ¢ CH,reduction : 20-94%
100 A - - 30°C

Cumulative CHy4 emission (kg CO, eq./ton CM)

——O0-— 25°C
--@®-- 20°C
30 @ 15°C .
- VS and COD concentration of
02 0 fresh and stored CM
60 7 20/0 400 450
—@— Vs
63% 01 A _ —A— 0D oo
07 - A
pabedabbeslal T
20 ?Eéé ._._.-.-—0—0.“ § »eo | \‘\\\‘ 3%
3 L 250
0 .ﬂ:ﬁg: Qe 00 ... o e .“‘.“".. o § 200 - ‘\‘\‘\O\‘\. -
g I
0 20 40 60 80

150 + L 150

Time (d)

100 T T T T T T 100
Fresh 15 20 25 30 35

Storage temperature (°C)

— CH, reduction : 62% (35°C - 25°C)
: 90.0 = 33.3 kg CO, eqg./ton CM

— Inhibition of organic matter
degradation (35°C vs 25°C)
: 270 vs 365 g COD/L

COD concentration (g/L)
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Results & Discussion (8)

= CH, potential of stored CM

60

%\ @® Fresh
2 5, ¥V 3C
_I\__v <|:|> 25°C
15°C
2 w0 12%)
% 28°/ol
3 30
S )
g 20 - 49 /°~L
§ 10 A
=
3
0% .
0 5 10 15 20
Time (d)
Fresh 15°C 25°C 35°C
CH L CH,/kg CM 48.8 42.8 35.3 24.9
4
production

L CH,/g VS 197.6 195.7 177.1 147.5




Results & Discussion (9)

NH, emission (mg/kg cattle manure)

NH, emission (mg/kg cattle manure)

Reduction of odor emissions
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- ——— 5,100
g 5000 4 [ H,S
3
% 4000 -
2 3000 - 2,600
E
_% 2000 -+
-8 1000 - 170 100
0 ]
Storage temperature (°C)
Odor (ppm)
Temp. NH H,S
3 2
209C 3.6-20.0 1.8-12.0
(average: 8.6) (average: 4.9)
300C 73.6-427.4 28.8-210.4

(average: 247.1) (average: 126.4)
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