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Education & Research Careers

2

Work Experi e Senior researcher, NIAS. RDA (2025.01.~2025.12.)
+ Energy recovery from livestock manure (BSFL)
« Biochar production and application
Reseracher, National Institute of Animal Science (NIAS). RDA (2014 08 ~202412 )
+ Thermochemical conversion of livestock manuare for energy recovery (Pyrolysis, Solid fuel)}
+ Biological treatment of livestock manure (Composting & Liquid fertilization)

Research area Livestock manure management and resource recovery

+ Thermochemical conversion (pyrolysis, solid fuel production)
+ Biochar production & utilization

+ GO, utilization

« Biofuel (Biodiesel)

Project Institutional research projects on livestock mnuare treatment
* Quality enhancement of cattle manure solid fuel ~ for ash derived from combustion of cattle manure solid fuel + 10 projects (RDA)

+ Changes in livestock manure characteristics during resource recovery facility operation (24, KOSPQO)

+ Development of portable measuring system for compost maturity using gas concentration measurement techniques (21-22, IPET)

« Monitoring of water evaporation from liquid fertilizer storage tanks in swine farms (18, KPPA)

Patent & transfer 11 Patents, 3 case of design trnasfer

Method and device for calculating moisture content to achieve target lower heating value ('24)

+ Method and apparatus for predicting calorific value of cattle manure solid fuel using compositional information of cattle manure ('24)

+ Method and apparatus for calculating unit emission factors of livestock manure ('24)

m Advisory activities in livestock environmental field

Establishment of agro-livestock circular system activation plan ('25~current)

« Joint planning committee work for livestock manure solid fuel ('24~'25)

Review and advisory committee member for livestock environment status survey ('22~current)
Livestock manure treatment facility supply project ('19~current)
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Research motivation
+ Changes in the Livestock environment

Livestock-derived
GHGs emissions

Livestock waste and
Environmental burden

Manure managenet
#® N0 and CHy
emissions from
manure
management

2008
anane
Rearing process
- CHy production from

enteric fermentation
¥ Livestock manure generation ? Nutrient loading
+ 508 million tones in 2023
¥ Current status » GHGs emission('21)
- 84.5% (Compost 72.7%+Liquid 11.8%)

"2 NEE

Nitrogen 301 (169), Phosphorus 61 thousand (23)

Manure managenet: 5.4 million tons CO--eq (25%)
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Waste reduction & management
+  Themocherrical process Pymiss Scidie)
+  Waste upcycing (Insectbiomass)

Reduction of carbon emission
+ Carbon sequestration (biochar)

+ Carbon-to-utilization

Research motivation
Combustion (Heat): over 1000 "C

Complete oxidation

Gasification: 700 — 1500 "C

77 &

CHONMAM NATIONAL UNIVERSITY

4

CO,, H,0, and Heat

Partial oxidants (O, air, steam, efc.)

Pyrolysis: 300 - 700 °C

Absence of oxidant

Syngas (H; and CO),

Gaseous Product Gas-phase Reactions
("b co’cH‘ em') (Cracking, Remmﬁvg,
Combustion, Water-gas-shif)
Agricultural L, Liquid Product Gas-phase Reactions
waste (Ta oxyw'ates’ etc.) (Cracking, Reforming,
’ Combustion, Water-gas-shift)
Cr Char-Gas Reactions

(Gasification, Combustion)

CH,, CO,, etc.

Wases  Oiofen
Oessl Gascire MTBE

Mixed 3 ‘Acetic Acid
Alcohols  Fischer-Tropsch
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@ (Gasification) Energy intensive process

@ (Pyrolysis) Intermediate step of gasification = lower energy input
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Research motivation

Overall process for synthesis of chemicals and fuels
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| Thermocheical process Chemical synthesis

: AW H,+CO Chemical products
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Pyrolysis
| CO,-assisted pyrolysis

77 &

>

nyolysis? A thermochemical decomposition process occurring in the absence of oxygen where carbonacecus materials are heated fo high

_—
' a
- E Biochar Bio-oil

femperatures to produce biochar, bio-oil, and syngas

Waste Pyrolysis

1
Main targent products: bio-oil
- Heterogeneous = Separation & purification required
02 Toxic chemical generation
- Low thermal cracking
03 e Ao
Carbon dioxide emission

- CO, generation during the process

Syngas

Pyrogenic products

Main target: syngas
- A platform chemical

- Easy application

Suppression of pollutant formation
- Blocking the pathway to form PAHs
- Enhancement of thermal cracking

Carbondioxide consumption
- Reduction of carbon emission

- Carbon conservation

Gaseous fuels

4 Hydrocarbons

H.
@ - nicohols
co
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Pyrolysis
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| CO,-assisted pyrolysis
Carbon-negative waste management Biochar application
= Reduction of CO, emission during processes = Direct CO, capture
g
A\ CO;
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Pyrolysis .

| CO,-assisted pyrolysis

Pyrogenic gases
Enhanced formation of CO
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Pyrogenic oil from two-stage pyrolysis of SFW
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homogeneous reaction

& (Gas) CO productionwas ehnaced despite the absence of O,
@ (0Oil) CO, can control the fate of toxic chemicals through

@ Catalytic pyrolysis can decrease the bezenic analogs
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yrolysis .
204 10 2
B b1 . . =l
= d § £ 2 Aromatic hydrocarbon
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Livestock carcasses (LSC)

High densitiy of livestock farming

* Antibiotic residues

Enhanced formation of gases

Decrease in aromatic analogues

Table 1
‘Carbon footprint and energy recovery potential of various LSC treatment sys-
tems (assuming high H; selectivity (>96 %) via IWGSR).

Content Landfill Pyrolysis
Nz €Oy
+ Green house gases (1) €O, emission, [g COyeq g—' 15C] E & g
| - . CHy emission 055 003 0.02
+ Confirmed that CO,-assisted pyrolysis can be €O; emission 1.06 0.08
ECO,-eq emission [g COy-eq g ' LSC] 16.48 0.86 0.48
i i 5 (2) €O reduction [g COxeqg ' LSCI
utilized as a greenhouse gas mitigation et carion muc;ﬂm B o i
€O, utilisation - - 0.54
technology XCOyeq reduction [g COyeqg '1SC] - 034 | 090
3) Carbon footprint [g COx-eq g~' LSC] 16.48 052 -0.42
; ® X{Lt
T A Sethiern
N TR Comuan NATIGNAL INNERSTY
Biochar "
v Thermochemcial conversion of biocahr
Dehydration Primary decomposition S dary ti L.

@ IPCC2019GL

Solid material generated by heating biomass to a temperature in excess
of 350 °C under conditions of controlled and limited oxidant
concentration to prevent combustion

& EBC (European biocharceltificate)

Biochar is a porous, carbonaceous material that is produced by
pyrolysis of biomass and is applied in such a way that the contained
carbon remains stored as a long-term C sink or replaces fossil carbon in
industrial manufacturing

Reactions involved Reactions involved
+ Depolymerization « Cracking

+ Volatilization + Repolymerization
+ Carbonization + Condensation
+ Dehydration

* Source) Industrial biochar systems for atmospheric carbon removal: a review (2021, Environmental chemistry letters)

Biochar properties

Carbon-Negative

* Porous meterial

|

Biochar application

Carbon capture
& storage

+ Direct CO, capture

+ Soil amendment
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Biochar

v CO, adsorption using biochar

Micropores

Physisorption on
micropares

®
N

¢

e
Lewis acid-Lewis
base interaction

Oxygen functional groups
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Biochar > conventional materials
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Simple process
Cost-effective

High adsorption capacity
Easy modification

Eco-friendly

Adsorption mechanism

|
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Temperature (*C) CO; Adsorptian (mg g-)

Lsiilis

Biochar

v CO, adsorption using biochar

Direct air capture of CO, under humid condition

Biochar modification to enhance
CO, adsorption competitiveness

Tetet
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& Wator vapor injoction (RH: 70%)
Compatition candition (RH: 70% | CO, 1200 ppm)
= €O, Injectian (1200 ppm)

Adsorption (mg g”)

Competition condition (RH; T0% | €O,: 400 ppm)
Competition condition (RH; 7% 1 €O, 800 ppm)
Competition condition (RH: 70% 1 CO,: 1200 ppm)
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Biochar

v Forage production using biochar

1 tnerease
Desreme

-
Biochar-Based
Nitrogen Fertilizers

i adsorption |

’l

/ Pt

N use efficiency

[——
ITIITINN]

Biochar-S3% ##
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Crop yield

Nutrients Stabilization
IEUREIH 350 HET0IUX|

13

GHG mitigation

Biochar

v Forage test: Expansion to filed test

. 6 pyrolysis W

Changes in the factionation

Hen
manure(HM) ‘m m

Biochar Grassland
. = Acidified soils
= High pH (Ca, Mg) x| aw OM

» Porous structure

= Cation exchange
capacity (CEC)

»  SOC stabilization

Application

Field test

Lab-scale

77 &eoem

CHONMAM NATIGNAL UNIVERSITY

Field-test

From the field test (Tall fescue)..

+ Hen manure (HM) with 2.9% N
showed clear potential as a soil
fertilizer.

+ The optimal application rate for

forage yield was 6 ton ha!

14
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Solid fuel

®

Toxic gases

Solid fuel
Livestock house
[[. Comparison with conventional treatment

Composiing Biogas Sold fuel
Processfime (day) 4590 2040 23
Fndl products Compost(sol amendmen) Biogas, Liquid ferilizer Solid fuel

Odor emission L Dificut o applyto cate

Ct pic g Lowcalorific value

Energy
Bituminous coal substitution effect :
37billionlyear(200tonnes/day processing scale)

CO

Green house gases (GHGs)
CM100ton = 49.52ton CO,eq reduction

2 l
Euthrophication
CM100ton=267ton N reduction

Solid fuel

TiECenl

CHONMAM NATIGNAL UNIVERSITY
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Final goal Development of technologies for solid fuel using livestockmanure

1) On-farm Manure Management

Characterization of solid fuel
quality by bedding material

= Investigation of factors affecting solid fuel

quality from livestock manure (100 farms)

+ Changes in solid fuel quality by bedding

material usage period

2) Moisture confrol and quality managesm

Changes in solid fuel quality (calorific value,
moisture content) by composting method

Determination of storage period for
manufactured solid fuel

B !
i,

HE e 3
: Ash Fertilization  :
utilization

Ash: waste treatment-> Utilization as
raw material for livestock manure
compost
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Solid fuel o

Investigation of fators affecting solid fuel quality from livestock manure (100 farms)

e
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Survey of calorific value of cattle manure (CM) from domestic livestock farms Relationship between organic matter/elemental composition and
calorific value of catile manure

Solid fuel standard: 3,000kcal/kg (HHV: 4,200kcal/kg)
- Survey results: 3,802.1+ 4075 kcal/kg (100 farms) vs 4,383.2 + 1409kcal/kg (fresh CM)
* manure excretion timing, bulking agent utilization, compost recycling

- Key factor: Organic matter (R%): 0.9118 - 50.5 kcal/kg per 1% organic matter

-

Solid fuel i

FARGIET WL lTel Determination of the storage period of livestockmanure

00 450
- ze = 4108 -zt - OET
= 104450 £ 43827
F= _am R=0gTie
£ o4z
e =
5 2 \
= . = 4000
s
; % 3800
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= 00808 + E5.TTE 00 y= 482
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75 800
0 7T 14 2 B B 42 49 B 8 T 7 84 0 7 W o2 ® B 42 49 B o8 T T B
Period, [day] Period, [day]

- (Problems) Aerobic fermentation during storage in barns — reduction in heating value
- Evaluation of heating value changes in livestock manure during storage

- Optimal storage period: 90days
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Solid fuel
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19
Effect of ash level on composting performance
Ash addition level and sawdust replacement by treatment
Composting treatment setup (kg) Additi
Bulking ition - 700
compost Total level E R
@) ag:nt ash () @ib+0) (c/a) i- aso-sl
TI(0%) 872 215 00 1087 0% i “e
T2(20%) 872 16.5 41 1078 5% 8
T3 (40%) 872 19 79 107.0 10% o0
T4(60%) 872 78 115 108.3 14%
T5(80%) 872 37 14.8 1056 18%
T6 (100%) 87.2 0.0 17.8 105.0 22%
T1 T2 T3
@ Temperature: Only T1and T2 met the USDA composting safety standard (above
1 55 °C, 3 days or more)
2 @ (Densitity) High ash content - Increase densitiy - Porosity |+ Fermentation |
T4 TS T6
@ (EA)Increase in mixing ratio = Organic matter | > Compostinginhibition
* Carbon content: T1:40.0,T2: 35.0........ T15:21.7,76:20.0
Experimental setup
g < (W]
L Bt

Waste Upcycing

v Entomoremediation

decompose organic waste and convert it into protein-rich larval biomass and organic fertilizer.

Life cycle of BSFL T %

The BSFL life cycle includes egg
and adult stages

larval, pupal

Larval development -

« Feeding

* Storing energy as a form
of lipid_ body

BSFL protein

o=

BSFL A4
biomass

Reproduction
+ Laying ~700 eqgs per
mates &
+ No feeding -
BSFL oil

- Comparison with conventional methods

20

BSFL are considered a sustainable bioconversion technology for waste management and resource recovery, as they rapidly

Protein-rich
animal feed

Biodiesel

| o=

Biodiesel

Composting Anaerobic dige

BSFL cultivatio
n

stion (AD)
Organic waste Pr”“:'"“""‘ Weeksto Months Weeks Days to Weeks
BSFL are voracious feeders. consuming a
vide range of organic waste, including food Products Compost Biogas (eneray) Bmﬁ.’;‘!‘j'@.’i"m,

(soil conditioner) Digestats (fertilizer)

waste, manure, and agricultural byproducts

Greenhouse ga

e Medium
s emission

High

Frass (fertilizer)

Low
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Waste Upcycing

v Insect biomass (BSFL)
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. Cattle manure Tw 3 " Waste reductionrate (%)
M i H
) ﬁ‘ —_— i i : 805
t §o E "
t RE>40% e g _BSFL i~ 3«
i O E|  biomass s 5,
N 2 Biofuel production
do @z ea xn'a Coma Food waste & using BSFL oil At
- (Fw) o 129
B SuBsTRATE NUTRMONAL QUALITY FOR R
BSF Larvar Paocess. [ carbohydrate [0] Protein [ Lipld B B
i POS Pig Cow Dairy Chicken M3:F7
%08 2 Before
I g . 5
Crass Compared to composting,
= Afrer » The processing time was reduced
%015 it by 73 % (90 24days)
. ) Co-feeding strategy
R, <052 50,7505 Before =
- - P . » 384.6 g kg, suppressing previous
2 research by more than 3 times
GQs: RE=40% Alar :II compared to single feeding
SR>80%
40 80 120 160
Content (g)
g ALK
ZALCHO]
W te U c cin CHONNAM NATIGNAL UNIVERSITY
as pcycing 2
v Insect biomass (BSFL)
(W)
-
=@ s Broiler
Protei
— — ﬁ. — 5 -",‘\' i - Leucin, Valine,
r < ¥ Wy i Isoleucine
BSFL cultivation BSFL biomass Feed Use the resourcesfor -
with organic waste sustainable meat production : ?“f;?ne e
: 3 - = Cysteine :
High protein content :
Sy - o O B . L |
® Ja=l | Compared to soybean meal,
H 1 sanamea BN -, (o ISR BRE L LD e e | * iEsmnclaciicompasIionsIoh
é 1 B U R IR I | BSFL were similar to Soybean meal
k | e R e R R R L 03 a1 mr a3 sz e i + BSFL-derived proteins have high
i; #v{,‘;w’ = zq,ww‘{ R R R potential as a livestock feed protein
o Mo T Se Ou Pa Oy W % i W Pe M th Aw Gn W T

source

BSFL: 42,471 - 48,345 kg jroeinha'y?
> Soybean: 1,174 kg ha' y*
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Future Research Topic

23
Integrated platform Waste valorization Emission control
Integrated thermal and biological Development of practical valorization Livestock odor monitoring and
treatment for zero waste strategies for biochar and ash mitigation technology
. .
® &
il GHGS
£
@ £
E‘
oo e
« (before) single-processtreatment + (Problem)limited utilization of biochar + Emission factor development by livestock
+ (Improved) Integrated application of and ash (high salinity and heavy metals) management strategies (composting, slurry)
pyrolsysis + biodiesel conversion 2> + (solution) Cross-industry valorization * Meseaurement method (adsorption tube) +
Enhanced energy recovery (e.g., paving blocks) itigation technologies (Photocatalyst)
Enhancement of livestock environment through multidisciplinary approaches
LX gt

e e 00
LR B
s e e 00
® o0 00

Sustainable Livestock Waste Valorization
through Intergrated Conversion Process
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