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Introduction (1)

⚫ Livestock manure production in Korea 2.5 times

- Population growth

- Increase in meat consumption

- 17,000 ton/d in 2017 

-MOE, Statistic livestock manure treatment 2015

Wastewater treatment

(8.3 %)
Etc. (2.7%)

Composting (89.0%)

- Lots of electrical energy 

consumption

- Odors and environment

pollutants emissions

- MOE, White paper of environment 2016

⚫ Livestock manure treatment status in Korea
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Introduction (2)

* Theoretically, 1 kg COD = 0.35 m3, CH4 = 0.7 m3 biogas (CH4 = 50%)

Food waste → 1 ton × 1,000 kg/ton × 0.17 × 0.95 × 1.3 × 0.7 m3 biogas

2,963 × 106 m3 = 1,482 × 106 m3 CH4 = 54,075 × 106 MJ = 12,924 × 106 Mcal

= 1,292,387 TOE

(<0.5% total primary energy supply in Korea 2016) (36.5 MJ/m3 CH4, 1 TOE: 107 kcal)
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Introduction (3)

Odor emission GHGs emission

Water contamination Low quality compost

Pig manure

Cow manure

<Storage time>

1-6 months



Introduction (4)

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

In total, stored for 2-6 
months. Impact on biogas 

production?

2



Introduction (5)

- FAO, EDGAR, and World Resources Institute

Intestinal fermentation

4.2 Million 

ton CO2

eq./y

Storage Treatment

4.6 Million 

ton CO2

eq./y

- Ministry of Environment, South Korea, 2017 6
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Introduction (6)

➢ Develop CH4 emission reducing methods in lab-scale experiments

➢ Apply to pilot-scale plant 

➢ Effects on odor and biogas production

- Research objectives

Microorganisms

pH value

Temperature Water content

Influential factors

• Bacteroidetes

• Firmicutes

• Proteobacteria

• Verrucomicrobia

• Methanogens
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Reducing Strategies

H2SO4
H2S

CH3SH

3. Salt addition 

1. pH ↓(H2SO4)

2. Temp. ↓

4. pH ↓ by sugar addition

Strategies

1st year

2nd year

3rd year

Problems

- GHGs↓
- Odor ↓
- Biogas↑
- Economic aspect

Optimal solution

- H2S increase
- Safety issue

Combined
methods

5. pH ↓(environmentally friendly acid)

sugar →   acids →  pH drop
fermentation

Microbial activity↓

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)

H2SO4

51%

90%

9

▪ Acidification of PS (pH control, H2SO4 addition)

CH4 reduction : 20-97%

Control pH 7.0 pH 6.5 pH 6.0 pH 5.5 pH 5.0

Sulfuric acid (95%)

addition (mL/L PS)
- 0.4 1.3 2.7 3.5 6.0

CH4 emission

(kg CO2 eq./ton PS)
3.7

1.8

(51%)

1.0

(73%)

0.4

(90%)

0.2

(95%)

0.1

(97%)

40 d of 

storage

VS

(g/L)

COD

(g/L)

Fresh PS 35.9 76.3

Control 25.5 53.4

pH 7.0 29.8 61.8

pH 6.5 30.2 63.5

pH 6.0 30.9 66.5

pH 5.5 33.8 72.9

pH 5.0 32.7 72.3

- Characteristic of fresh and

acid-treated PS



Results & Discussion (2)
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▪ Temperature control of PS

→ CH4 reduction : 56% (35oC → 25oC)

: 10.3 → 4.5 kg CO2 eq./ton PS

45 d of 

storage

VS

(g/L)

COD

(g/L)

Fresh PS 58.4 104.2

35oC 37.9 68.5

30oC 43.9 76.2

25oC 50.1 83.4

20oC 54.2 95.5

→ Inhibition of organic

matter degradation

- Characteristic of fresh and

stored PS



Results & Discussion (3)
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Time (d)
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Control

1 g Na
+

/L

3 g Na
+

/L

5 g Na
+

/L

7 g Na
+

/L

9 g Na
+

/L

11 g Na
+

/L

13 g Na
+

/L

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) 71.4 36.1 38.3 38.9 40.4 43.0 44.5 44.1 45.5

COD 
(g/L)

109.7
65.7

(40%↓)
68.4

(38%↓)
71.8

(35%↓)
72.4

(34%↓)
77.6

(29%↓)
81.8

(25%↓)
83.9

(24%↓)
86.5

(21%↓)

→ 50% reduction

: 9 g Na+/L

- 7 g Na+/L : 9.0 (34%)

- 9 g Na+/L : 6.6 (52%)

- 13 g Na+/L : 4.5 (67%)

▪ Salt addition



Time (d)
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▪ Acidification of PS (EF acid addition)

Results & Discussion (4)

Control
(pH 7.4)

EF acid concentration (g/L)

2.5
(pH 6.9)

5.0
(pH 6.5)

10.0
(pH 6.1)

15.0
(pH 5.5)

20.0
(pH 4.8)

52.7

±3.2

59.0

±2.8

(+12%)

51.1

±4.7

(+3%)

57.4

±6.3

(+9%)

18.6

±0.5

(-65%)

4.8

±0.4

(-91%)

(kg CO2 eq./ton PS) 

EF acid ⇒
Organic acids

CH4 emission



Citric acid concentration (g/L)
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▪ Acidification of PS (pH control, EF addition)

Results & Discussion (5)

Control

(0.0 g/L)

EF acid concentration (g/L)

2.5 5.0 10.0 15.0 20.0

NH3 2.7 2.9 2.3 1.9 1.8 0.8

H2S 1.4 1.5 1.1 0.8 0.8 0.4

(kg/ton PS) 

H2S: 27~72% ↓

NH3: 15~72% ↓ 

Biogas(CH4) Production*

Control: 3.6 m3 CH4/ton

20 g/L: 5.6 m3 CH4/ton

50%↓

24%↓

VS concentration

*CH4 yield: 0.25 L CH4/g VS

CH4

55% ↑

EF acid (g/L)
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Results & Discussion (6)

Time (d)
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Time (d)
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▪ Temperature control of CM

- VS and COD concentration of

fresh and stored CM

→ CH4 reduction : 62% (35oC → 25oC)

: 90.0 → 33.3 kg CO2 eq./ton CM

Storage temperature (
o
C)
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→ Inhibition of organic matter

degradation (35oC vs 25oC)

: 270 vs 365 g COD/L

CH4 reduction : 20-94%



Results & Discussion (8)

Fresh 15oC 25oC 35oC

CH4

production

L CH4/kg CM 48.8 42.8 35.3 24.9

L CH4/g VS 197.6 195.7 177.1 147.5

▪ CH4 potential of stored CM
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Time (d)
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Time (d)
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▪ Reduction of odor emissions
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