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Carbon Neutral by 2050

Moon declares plans to achieve carm,neut/rallty 5
by 2050 in policy speech alp% %a GHG E.ssmn

naY Y L
Oct. 28, 2020 A : N\toﬁ 0
' Carbon tral

Net-Zero Targets
The 126 countries that have set full decarbonization goals contribute 51%

of global emissions (Nov. 9, 2020)

CLEAN 1
ENERGY for

BIBEN ¢

B Target Under Discussion

B In Policy Document
Achieved

B Proposed Legislation

E In Law i .
Source: Climate Action Tracker

Sept. 22,:2020. '
President Xi tells UN that China will be

K ‘carbon neutral’ within four decades
) )

by 2060

***

Oct. 26, 2020.

Japanese Prime Minist ets goal of zero
emissions, carbon-n I society by 2050
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Muc tiéu trung hoa carbon vao nam 2050

Téng théng Han Quéc Moon Jae-in tuyén.hé,$am nhin Phat thai khi Ngay 22;09{)2020 PHE 3 h
trung hoa carbon vio nam 2050 trong m&Xle \er nha kinh Phat biéu tai Dai héi dong Lién Hop Quéc, Chu
2 %/é 'W i K t!ch Tap Can Binh da cam két Trung Quéc sé dat

‘trung hoa carbon troni 40 nam t&i (nam 2060)

Muc tiéu phat thai rong bang 0 (Net Zero)

126 quéc gia chiém 51% téng lugng khi thai toan cau da dat muc tiéu khir carbon
hoan toan (Ngay 09/11/2020)

Thu tuéng Nhat Ban dam éu khong phat thai khi
nha kinh va mét xa héi kifofggfcarbon vao nam 2050

| i o3 S * Thang 12/2019 -—cum“
E;Eazvﬁ,,*t_, a4 - uwnm.
¥ ~l

B Dang can nhac muc tiéu /‘ 3 \“
W D3 dua vao chinh sach .
D3 dat trung hoa carbon - Beuelfirsc thanh{en EU, trir Ba Lan_da cam kMgn‘
® N3m trong du luat ; arbon vaofnam 2050 —— thmbes
® P35 dua Net Zero vao luat
Ngudn: Climate Action Tracker




Bioenergy and Other Renewable Energy

- Variable and intermittent sources of energy (storage n;eed"é'"a"j“""‘”‘"“;;j;;,j.m,_,a,
- Weather and time dependent, geographic limitations j- "‘W‘ m M
- Production of heat and electricity only (no chemlcals) ﬁ'ﬁi W‘*;« L‘V uﬂ]‘

—~—

Bioenergy Geothermal Hydropower

- Carbon neutral

- Production of any type (solid, liquid, and gas) of fuel as well as heat
and electricity

- Abundant sources (even organic wastes)

- Perfect alternatives to petroleum (to make chemicals)

- Low energy density and poor stability compared to fossil fuels
- Many issues to be considered (food, land, water, biodiversity, etc)



Nang lugng sinh hoc va nang lugng tai tao khac

- Nguodn néng lugng bién thién, khéng lién tuc (c‘ém phuang HOM IUU trl) oo
- Phu thudc vao thdi tiét, thai gian, c6 gidi han vé matdialy =
- Chi san xuat nhiét va dién (khong kém theo cac phu pham nhit 5 )

Nang lugng sinh hoc Dia nhiét Thﬁy.dién

- Trung hoa carbon

- Cé thé san xuat bat ky loai nhién liéu nao (ran, long va khi), ciing nhu san sinh ra
nhiét va dién

- Nguoén nang lugng doi dao (cé thé sir dung ca chat thai hitu co)

- La lua chon thay thé dau mé mét cach hoan hao (dé san xuat héa chat)

- Mat dé nang lugng thap va dé on dinh kém hon so véi nhién liéu héa thach
- Con ton tai nhiéu van dé can can nhac (luong thuc, dat dai, nuéc, da dang sinh hoc, v.v.)



What is Biomass?

K
a All biological material derived from living or °"

recently living organisms

The term biomass (Greek bio meaning life + maza meaning
mass) refers to non-fossilized and biodegradable organic

material originating from plants, animals, and microorganisms




Pinh nghia sinh khoi (biomass)

KST

Q La cac loai vat liéu sinh hoc cé ngudén goc tu sinh vat
song hoac phan huy

Thuat ng( sinh khoi (trong tiéng Hy Lap, bio c6 nghia la su séng + maza
c6 nghia la khéi lugng) dung dé chi vat liéu hitu co phi hda thach va co
thé phan hay sinh hoc, c6 ngudn géc tir thuc vat, dong véat va vi sinh vat




What is Biomass?

K
a Organic material that has stored sunlight in the =

form of chemical energy (via photosynthesis)

a Simplified photosynthesis pathways

T>285K, Chlorophyll

CO, + H,0O + Solar energy » CH,0 + O,
6CH20 —_ C6H 1206 Basltf .I..’.ll..otosynthesis
Formaldehyde Glucose

oo OXYg9ep
NCeH1,06 —  (CgH1206), A
Glucose Glucosan

carbon dioxide.



Pinh nghia sinh khoi (biomass)

a Vat lieu hru ca tich trir anh sang mat trai dudi dang
nang lugng thong qua quang hgp

2 Qua trinh quang hgp cé thé dugc don gian hda nhu sau

T>285K, Chlorophyll

CO,+H,0+Nang lugng mat trai ., CH,O0 + O,

6CH20 - C6H1ZO6 j ..Quanghqp

Formaldehyde Glucose
NCgH,0 —  (CgH1,06),
Glucose Glucosan



Carbon Cycle - Fossil fuel vs. Biofuel

K\

Irute of
ooy

Long-term unbalanced cycle

Short-term
balanced cycle CO2

CO2

Biofuel
production |

Fossil Fuel




Chu trinh carbon - Nhién liéu hoa thach va Nhiéen liéu
sinh hoc

Chu ky khéng can bang va mat nhiéu thgi gian

Chu ky can bang va
mat it thai gian CO2

CO2

- . Nhién liéu
~sinh hoc

[} (]
San xuat

nhién liéu sinh hoc|

Nhién liéu
héa thach



Carbon-Neutral Biomass-based Society

Knres Institute of .,
Science and Technology

co, co,

co,
co,
Biomass-based Industry

co,

Blofuel

Heat
Electr|C|t

Biomass
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Blomaterlals

End-of-life biomaterials




M6 hinh xa héi trung hoa carbon dua trén ngudn

nang lugng chinh tu sinh khoi

Kores Institute of .,
Science and Technology

Co, co,

co,
co,

Nén cong nghiép dua
vao sinh khoi
co,

Nhién liéu
sinh hoc

Vat liéu
sinh hoc

Sinh khoi

Vat liéu sinh hoc da hét han sur dung



Refinery — Biorefinery

Refinery Biorefinery e O

Gasoline, Diesel, Jet fuel Biofuels such as Bioethanol,
Hydrocarbon fuels Biodiesel, Biogas
Fuels & Energy Fuels & Energy
Petroleum Biomass
Chemicals Chemicals
Basic & Fine Chemicals Basic and Fine Chemicals
Polymers and Plastics Biopolymers & Bioplastics
Food & Feed

il g
1111

& A

Fuel Chemical Products = Materials oloja

& A&

Fuel Chemical Products Bio Materials




TU Loc dau théng thudng — Loc dau sinh hoc

KST

Loc dau mo Loc dau sinh hoc s
Xang, diesel, nhién liéu Nhién liéu sinh hoc nhu
may bay phan luc, ethanol sinh hoc, diesel sinh
nhién liéu hydrocarbon hoc, khi sinh hoc
Nhién liéu & Nhién liéu &
Nang lugng Nang lugng
Dau mo Sinh khoi
Héa chat Héa chat
Cac héa chat co ban & Cac héa chat co ban & tinh ché
tinh ché Polyme sinh hoc & nhua sinh hoc
Polyme & nhua Thuc pham & thirc an chan nubdi

| @ E J t:ﬁ'a'
Nhién ligu San ph:i'm Vit liéu olala Nhién liéu Sfl_u phim Vit liéu
héa chat haa chat sinh hoc




Biomass Conversion Processes and Products

Primary rS
Product Market
Early stage of commercialization
Pyrolysis Bio-oil
e Chemcial
Demonstration stage
Thermochemic
al Gasification Syngas
Conversion
Heat
Combustion > Heat
Fermentation > Bioethanol

Biochemical Electricity
Conversion

Anaerobic

digestion > AR
Transportatio
Pysicochel_nical Tr_a_ns _ R Biodiesel n
Conversion -esterification fuels etc




Quy trinh chuyén doi nang lugng sinh khéi va

dau ra

Giai doan dau cua qua trinh
thuong mai héa

San pham chinh

san pham

Thi truong

Dau sinh hoc

Khi dot tong hop

Héa hoc

Y

Nhiét

Nhiét nang

A 4

Ethanol sinh hoc

y

Khi sinh hoc

bién nang

Y

Nhiét phan
Giai doan thu nghiém
Chuyén doi s
héa nhiét Khi hoa
Nung dot
Lén men
Chuyén doéi
hoéa sinh
Phan huy ky khi
Chuyén doi Phan (rng este
hoa ly héa chéo

Diesel sinh hoc

Nhién liéu trong
giao thong van
tai, v.v.




Sugar & Syngas Platforms

M.JNS]ST

Biochemical i
Conversion Sugar Feedstocks

Sugar Platform

“"Biochemical”

Residues

Combined Fuels
Bi S Heat & Chemicals
Power Y EYCERELS

Clean Gas

Syngas Platform -

“Thermochemical”

Thermochemical Conditioned Gas

Conversion



Cong nghé SX buang & Khi dét téng hop

Chuyén doi

P . Nguyén liéu tho
hoéa sinh

san xuat dudng

Cong nghé SX duong
“Hoéa sinh”

San pham du
Nhién liéu

Hoéa chat
Vat lieu

DICHE LI
két hgp

g

Céng nghé Khi tong 4
hgp “Hoéa nhiét”

Chuyén doi Khi dugc xir ly
trong qua trinh

hoéa nhiét chuyén doi

Kores Ins
Science and Technology

=S



Major Biofuels

a Liquid
Bioethanol, Biobutanol
Biodiesel
Bio-oil (Pyrolysis oil)
Biomass-to-Liquids (BTL)

a Gas
Biogas

a Solid

Wood
Charcoal
Woodchip
Wood pellet
Wood briquette
Torrefied biomass

=

—

Wdéd briquette

KW= e

==



Cac nhédm nhién liéu sinh hoc chinh

o Dang long
Ethanol sinh hoc, biobutanol
Diesel sinh hoc
Dau sinh hoc (dau nhiét phan)
Chuyén sinh khai thanh san pham ldng (BTL)

a Dang khi

Khi sinh hoc

Q 3 s
D?ng ran b 9 SE et % 1% ~Vién Aén
Go % Dam gods /8B 5 ¥ien yéh gos el ‘than hoa
Than
Dam go

Vién nén go
Banh go (wood briquette)
Sinh khéi qua xU ly nhiét
(torrefied biomass)



Bioethanol/Biodiesel

Sugar beet

Sugar cane Fermentation
4 A \ * ﬁ ﬁ .
=, \ s Gasoline 5
v - \ ugal"S B-oethanOIv blend I = ot
% 1
-&3&' ETBE

Gasoline substitute
Wheat, =¥ Starch

corn, potato

: £
% i " Transesterification s
4 N > >

Diesel

Rapeseed oil 3 blend s ri
g 5 !

Sunflower oil -

Vegetable oil methyl esters
or Biodiesel

Diesel substitute

e

LIV JYVYCI




Ethanol sinh hoc/Diesel sinh hoc

dudng, mia

\'i, -
<

|

Laa mi, ngd,=® Tinh bét
khoai tay
J :

Dau hat cai

Dau huéng ducng

o
e SN

>

Lén men

ﬁ
Pudng
Ethanol
sinh hoc

Qua trinh este héa chéo
(Transesterification)

ﬁ
Pha tréon -
v véi xdng - =
ETBE

BIOFUELS

Nhién liéu thay thé

[ "]

"0, -

Este metylic ciia dau thuc vat

hay diesel sinh hoc

xang
4
e
>
Pha tron
véidau el
diesel —

Nhién liéu thay thé
cho dong co diesel

e

D:.-.D;SE‘{‘E AW
LIV \JVYY Gl




Feedstock for Bioethanol and Biodiesel

Bioethanol

5
3 e :
- k\ 4+

Sugar Beet

Sugarcane
Barzil

Biodiesel

Jatropha

Used cooking oils

Soybean Rapeseed
USA, Barzil Indonesia Europe


http://www.revitaliseyourhealth.com/wp-content/uploads/2011/06/wheat-germ-oil.jpg

Nguyén liéu san xuat ethanol va diesel sinh hoc

Ethanol sinh hoc

0N BEETE A
Mia Cu cai dudng
Barzil

Diesel sinh hoc

Pau nanh 0 Hat cai dau Dau an da qua
My, Barzil Indonesia Chau Au suir dung


http://www.revitaliseyourhealth.com/wp-content/uploads/2011/06/wheat-germ-oil.jpg

Bio-oil (Pyrolysis oil)

a The liquid condensate of the vapors of pyrolysis (heating Q.Em!é]ST
biomass in the absence of oxygen)

Recycled non -condensable Medium BTU gases

Venturi
Scrubber with
Cyclone immiscible
Stack Hydrocarbon
Exhaust Liquid
i Extract
B Peschéach
- feon
-

Feed Preparation
Grinding

&

M Osench Lgud
W Necysied Gasss

Recycle
Gas
Blower

Drying

|

Wood Chips Bio-Oil
Storage

Unit

Pyrolysis

Reactor Char collector




Dau sinh hoc (dau nhiét phan)

0 La chat I1dng ngung tu tu haoi nhiét phan (dé6t sinh khéi trong mJ%SST
diéu kién khong cé oxy)

Khi hoi luu khéng ngung tu c6 nhiét tri BTU trung hinh

) Thiét bj loc khi
Hé thong Venturi chita
i Cyclone dung dich hy-
PR drocarbon
g ong khéng hoa tan Chiéet xuat
I = Sinh khéi
— . ™= Diu sinh hoc
X ly nguyén == Than
in ~ ws Dung dich lim ngudi
lieu thO s Déng khi héi hru
Nghién
a_’z Quat théi
Say L khi hoi
lwun

Dim gd Yam ngudi Bén chira
Lo uhiét phin
sin xuat dan
sinh hoe

diu sinh
hoe

Chiira din

La I]]].léf sinh hoe
phin Hé théng thu gom than




BTL (Biomass-to-Liquids) fuels

a Liquid fuels produced from biomass through gasification '”LQMEST
syngas (CO/H,), followed by a Fischer-Tropsch synthesis

Biomass

Recuperator

Low temperature L
gasifier High temperature
gasifier

Gas shift
Dust- reactor

removal

Gasification

reacting biomass at high
temperature (>700°C),
without combustion, with
a controlled amount of
oxygen and/or steam




Chuyén héa sinh khai thanh nhién liéu Idng

(BTL: Biomass-to-Liquids)
a0 Nhién liéu ldng tao ra tu sinh khéi théng qua qua trinh khi hoa m,.m..]."S]ST

Science and Technology

thanh khi tong hgp (CO/H,) va phan ting tong hgp Fischer-Tropsch

Hé thong xir

" - p— Iy khi bang Quai trinh
Bo thu hoi nhiet Scrubber néng cip

Sinh khoi

=X =
St | T BTL
X Ll1)
- - .

. o Y : r— Qua trinh
Hg_:hm:g k}u hoa . - — Lo Iﬂgﬂ“ e tong hop O
nhiét d6 thap He thong Khi hoa  H¢ thong chuyén doi khi Fischer-Tropsch

nhiét do cao xir Iy bui

Khi héa

phan Ung sinh khéi & nhiét
do cao (>700°C), khong dat,
V@i lugng oxy va/hoac hai
nudc cé kiém soat




Biogas

2 A methane-rich flammable gas that results from the M,,]SST
decomposition of organic (waste) material

Science and Technology
|:-| 0 r:l
L s

i@f . Complex organic compounds
) Light Carbohydrates, proteins, fats
Photosynthesis l Hydrolysis

Simple organic compounds
Sugars, amino acids, fatty acids

l Acidogenesis

Organic acids |
and alcohols

| Acetogenesis

v v
H,, CO, Acetic acid,

acetate

Blogas Methanogenesis
CH,, CO, <

Biogas

Fertlllzer

A4

EIectrlClty and Heat

Landfill Biogas;.



Khi sinh hoc

a La khi dé chay c6 thanh phan chi y&u 13 methane, sinh ra tir su ﬁm!é]T
phan hay vat liéu (chat thai) hitu co

Wi,

= -y Hgp chat hiru co phic tap
Anh sang Carbonhydrate, protein, chat béo _|

Quang hgp l Thuay phan
Hgp chat hiru co don gian

Budng, axit amin, axit béo
l Axit héa
Axit hiru co va |
c6n
| Axetat héa
v v
H,, CO, Axit axetic,
axetat

Khi sinh o i .
: Methane héa
oc CHy, CO; <

Khi sinh hoc

v/

A4

Pién va nhiét

 Khi sinh hoc tr
béi chén lap



Biogas Purification and Upgrading

® ANIMAL MANURE

® CROPS >
T

@ AGRICOLTURAL BYPRODUCTS ue @
[ ] ]

® OFMSW
DISTRICT ELECTRIC GAS NETWORK FUEL
MNETWORK

HEATING ELECTRICITY BIOMETHANE

4 ()
63 vea K 3 n
RN

[T cHP UPGRADING

CROPS = * }

-

DUNG BIOGAS
HIGH QUALITY MANURE

http://www.snam.it/en/Natural-gas/green-energy/biomethane/

Biogas » Anaerobic digestion
Production « Organic waste treatment & Biogas production

Biogas « Absorption (water scrubbing), Adsorption (activated carbon, etc.)
Purification « Removal of moisture, H.S, siloxane, dust, VOCs, etc.

) » Absorption (scrubbing), Adsorption (activated carbon PSA, etc.),
Biogas Membrane separation, Cryogenic separation, etc.

HpeEeing » Separation of CH, from CO,, Methane enrichment (>95%)



Cong nghé lam sach va nang cap khi sinh hoc

® Phiin djng vit e
® Ciy trong =
® Phu pham néng nghiép @ ’4_-—'-_"‘ |6 6)
@ Thanh phan hiru co caa chat thii ran dé thi i
s o HETHONG  nHENLEU
KHU DO THI Iﬁgﬁgg’ CUNG CAP GAS )
SUGT AM o KHI METHANE
DIEN NANG SINH HOC
NHA MAY KHi s
@, cg;s SINH HQC [ 4 [
m THRr T CHP NANG CAP
CAY TRONG PHAN / PHAN DONG VAT KHI SINH HOC

CHAT LUGNG CAQ

http://www.snam.it/en/Natural-gas/green-energy/biomethane/

San xuat
khi sinh hoc

Phan hay ky khi
XU ly chat thai hiru co & San xuat khi sinh hoc

Hap thu (phuong phap uét - water scrubber), Hap phu (than hoat tinh,
V.v.)
Loai bo dé am, H,S, siloxane, bui, VOC, v.v.

Lam sach
khi sinh hoc

. ~ Hap thu (rira khi), Hap phu (than hoat tinh hap phu ap luc (PSA), v.v.),
Nang cap Tach mang, Tach khi bang phuong phap lanh cryo (cryogenic), v.v.

khi sinh hoc Tach CH, khéi CO,, Lam giau khi methane (>95%)



Woodchips and Wood pellets

1
4,500 kcal/kg h.m]é J
Moisture 10%

2,700 kcal/kg
Moisture 25%

Made from sawdust

i Processed form

A Artificially shaped

Designed to fit in any pellet
smoker

'V Not uniform in shape
. Rough edges

Burn quickly

Produce lesser smoke

» Required add-ons

Simple processing (cutting or chipping, screening) Multiple steps for making wood pellets

Possible on-site mobile cutting or chipping Used for boilers with minimal environmental facilities
Various sources and easy to get Used as biofuels in CHP and power plants

Used for stable combustion facilities with controlling

emissions

___Storage

Conditioning

Raw material _# *
llection &
collectio £ > Storage

Screening

ntermediate |

Grinding storage
NPE Cooling _
% 3 — Compr?sswn \1
.‘ C s # 5l PN /Extrusion 4 N
‘ 1400 kcal/kg "K}QQ agi Screening \ 7
o

f Moisture 50-60%



~ ek 2.700 kcal/kg
o, _ D6 am 25%

Hinh dang khéng déng nhat
. Céac canh tho rap

Chay nhanh

Sinh it khoi hon

“ .. Can phai dung thiét bi phu trg

Qua trinh x{r ly dan gian (cat hodac bam dam, sang loc)
C6 thé cat hodc bam dam go linh déng tai chd

Cé nhiéu ngudn cung cap va dé mua

Dung cho cac 16 dét 6n dinh c6 kiém soat khi thai

1
| 4.500 keal/kg m,]é J
Pod am 10%

Lam tu mun cua

Dang san pham da qua xr ly

Hinh dang nhan tao

Thiét ké phu hgp vdi tat ca cac loai
16 nudng dung dugc vién nén gb

Phai qua nhiéu cong doan san xuat

Dung dugc cho noi hai ¢6 diéu kién ca s vat chat, tién
nghi mdi trudng & muc toi thiéu

Dung lam nhién liéu sinh hoc trong cac nha may dién va
nhiét dién két hgp

Nghién

TN
; BQQQ ai \



World Bioenergy Supply

1/]""
Year Total Municipal | Industrial Solid Bioaas Liquid [
Waste Waste Biomass 9 Biofuels

2000 42.8 0.74 0.47 40.9 0.28 0.42
2005 45.9 0.94 0.40 43.2 0.50 0.85
2010 50.8 1.15 0.68 45.7 0.84 2.45
2015 55.4 1.37 0.80 48.7 1.30 3.26
2016 56.5 1.43 1.03 49.1 131 § 3.59 §
(%) (2.5) (1.8) (86.9) (2.3) (6.4)

Total primary energy supply of biomass in continents in 2015

25
- Mostly solid biomass

20

- Liquid biofuels

15 America (bioethanol and

10 biodiesel)
— Europe (mostly biodiesel)
5 .
. - Biogas
0 Europe (partly in Asia)
Africa America Asia Europe Oeania
B Municipal waste B Industrial waste B Solid biomass Unit: £J
Biogas W Liquid biofuels Source: IEA Key World Enerqy Statistics



Tong cung nang lugng sinh hoc toan cau

. Chat thai Chat thai Nhién lieu
flogoletng dalthi || 'cenginghis Ailn e
! g nghiep dang long
2000 42,8 0,74 0,47 40,9 0,28 0,42
2005 45,9 0,94 0,40 43,2 0,50 0,85
2010 50,8 1,15 0,68 45,7 0,84 2,45
2015 55,4 1,37 0,80 48,7 1,30 3,26
2016 56,5 1,43 1,03 49,1 1,31 3,59
(%) (2,5) (1,8) (86,9) (2,3) (6,4)
Téng cung nang lugng sa cap cda sinh khéi & cac chau luc nam 2015
25 , N . e S
. — - Chu yéu la sinh khai ran
e - Nhién liéu sinh hoc dang long
Chau My (ethanol sinh hoc va
10 diesel sinh hoc)
5 Chau Au (cha yéu la diesel
. - sinh hoc)
Chau Phi Chau My Chau A Chau Au Chau Uc - Khi sinh hoc
B Chit thai d6 thi B Chat thai cong nghiép Chau Au (m6t phan chau A)
u Sinh khéi rin Khi sinh hoc Don vi: EJ
B Nhién ligu sinh hoc dang léng Nguon: IEA Key World Energy Statistics

(Théng ké ndng lugng chinh cua thé gidi, IEA)



Biomass to Electricity

Year Total Municipal Industrial Solid Biodas Liquid T
Waste Waste Biomass 9 Biofuels

2000 164 34.3 15.3 102 13.1

2005 227 46.2 11.8 146 21.0 1.98
2010 372 60.6 20.7 239 46.2 5.07
2015 528 714 22.8 344 82.5 7.62

Electricity generation from biomass in continents in 2015

250

150

100

50

Africa America Asia Europe Oceania

0

B Municipal waste B Industrial waste B Solid biomass

® Minicipal waste = Industrial waste = Solid biomass Biogas W Liquid biofuels

Biogas ® Liquid biomass Unit: TWh

Source: IEA Key World Enerqy Statistics



Chuyén héa sinh khai thanh dién nang

Téng san Chat thai Chat thai Nhién liéu

lugng dién do thi cong nghiép d';i:; Ihégr::g
2000 164 34,3 15,3 102 13,1 -
2005 227 46,2 11,8 146 21,0 1,98
2010 372 60,6 20,7 239 46,2 5,07
2015 528 71,4 22,8 344 82,5 7,62

San lugng dién sinh khéi & cac chau luc nam 2015

250
200 T
150
100

50

Chau Phi Chau My Chau A Chau Au Chau Uc
B Chat thai do6 thi B Chat thai cong nghiép
m Chit thai dé thi = Chat thai céng nghiép W Sinh khéi ran Khi sinh hoc
= Sinh khéi ran Khi sinh hoc W Nhién liéu sinh hoc dang léng
= Sinh khéi léng Don vi: TWh

Nguon: IEA Key World Energy Statistics
(Théng ké ndng lugng chinh cua thé gidi, IEA)



Biomass to Heat

1/]""
Year Total Municipal | Industrial Solid Bioaas Liquid [
Waste Waste Biomass 9 Biofuels

2000 414,081 125,141 74,975 208,995 4,931 39.0
2005 530,237 152,549 82,630 284,745 6,615 3,698
2010 781,020 206,212 126,337 426,477 12,296 9,698
2015 940,492 265,300 139,958 498,795 32,948 4,491
3.5-05 Heat generation from biomass in continents in 2015

900000

750000 e

600000

450000

300000

150000

0 — I
Africa America Asia Europe Oceania

B Municipal waste B Industrial waste B Solid biomass
® Municipal waste = Industrial waste = Solid biomass Biogas W Liquid biofuels

Biogas m Liquid biofuels Unit:

Source: IEA Key World Energy ng‘/sz‘/cs



Chuyén héa sinh khai thanh nhiét nang

Nhién liéu

Tong san Chat thai Chat thai sinh hoc
lugng do thi cong nghiép dang I6.ng
2000 414.081 125.141 74.975 208.995 4.931 39,0
2005 530.237 152.549 82.630 284.745 6.615 3.698
2010 781.020 206.212 126.337 426.477 12.296 9.698
2015 940.492 265.300 139.958 498.795 32.948 4.491
3.5-05 San lugng nhiét sinh khéi & cac chau luc nam 2015

900000
750000
600000
450000
300000
150000

0 — —
Chau Phi Chau My Chau A Chau Au Chau Uc
B Chat thai d6 thj ® Chéat thai céng nghiép
m Chat thai d6 thi = Chat thai cong nghiép B Sinh khéi ran Khi sinh hoc
= Sinh khai ran Khi sinh hoc B Nhién liéu sinh hoc dang léng
= Sinh khéi léng Don vi: TJ

Nguon: IEA Key World Energy Statistics
(Théng ké ndng lugng chinh cua thé gidi, IEA)



Liquid biofuels, Biogas, and Wood pellets

0.28 (Oceania . 0.18 (Oceania ]
. (Oceania) 4 og (Africa) o (Oceania) ) atrica) . K ST
Bioethanol Biodiesel SRR
m Africa = America = Asia Europe = Oceania
0.03 (Africa) 1 0.1 (Africa)
Biogas Wood pellets ‘

.




Nhién liéu sinh hoc dang long, Khi sinh hoc, va Vién nén go

0.28(Chaulc) 4 o3 (chau Phi) | 0.18 (Chau Uc)
Diese

sinh hoc

0(ChauPh)  ....°S

Ethanol
sinh hoc

= Chau Phi = Chau My = Chau A = Chau Au = Chau Uc

0.03 (Chau Phi) 1—l 0.1 (Chau Phi)

Vién nén go ‘

1

Khi sinh hoc




Bioenergy Potential

Kl

Current world energy demand (500 EJ/year) ot S
1500 -
Current world biomass demand (50 EJ/year)
Total world primary energy demand in 2050 in World Energy Association
(600-1000 EJ/year)
Modeled biomass demand in 2050 as found in literature studies
(50-250 EJlyear)
Technical potential for biomass production as found in literature studies
(50-1500 EJlyear)
1000 . . - . .
Sustainable biomass potential in 2050 (200-500 EJ/year). Sustainable biomass
potential consist of: (i) residues from agriculture and forestry (~ 100 EJ); (ii)
surplus forest production — net annual increment minus current harvest (~80 EJ);
(iii) energy crops, excluding areas with moderately degraded soils and/or
moderate water scarcity (~120 EJ); (iv) additional energy crops grown in areas
[ with moderately degraded soils and/or moderate water scarcity (~70 EJ/) and (v)
~ © additional potential when agricultural productivity increases faster than historic
m g trends thereby producing more food from the same land area (~140 EJ).
600 ............
500 World energy demand (2008)
Sustainable (v) Agricultural productivity improvement
Biomass
potential (iv) Energy crops without exclusion
(2050)
250 . .
200 World (iii) Energy crops with exclusion
biomass
World biomass demand (ii) Surplus forest production
demand (2008) (2050)
50 (i) Agricultural and forest residues

Source: Annual Report 2009 - IEA Bioenergy
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Nhu cau nang
lugng thé
gidi (2050)

Nhu cau nang lugng thé gi6i (2008)

Nhu cau sinh

khoi thé gidi
(2050)

Nhu cau sinh khéi thé
gidi (2008)

ng hang lugng sinh hoc

Nhu cdu nang lugng hién tai trén thé gidi (500 EJ/nam)
Nhu c&u nang lugng sinh khéi hién tai trén thé gigi (50 EJ/nam)

Téng nhu cdu ndng lugng so cdp clda thé gidi vao nam 2050 theo Hiép hoi
Nang Iugng Thé gidi (600-1000 EJ/nsm)

Mo phdng nhu cau nang lugng sinh khéi vao nam 2050 theo cac tai liéu nghién
ctu (50-250 EJ/nam)

Tiém nang cong nghé san xuat sinh khaoi theo cac tai liéu nghién clu
(50-1500 EJ/nam)

Tiém ndng sinh khoi bén vitng ndm 2050 (200-500 EJ/nam). Tiém ndng sinh khéi
bén viing bao gém: (i) phé phdm néng-lam nghiép (~100 EJ); (ii) san lugng ring
thdng du - lugng tdng trudng rong hang ndm trir di san lugng thu hogch hién tai
(~80 EJ); (iii) cay tréng ndng lugng, khéng bao gobm cdc khu vuc cé dat thodi héa
vira phai va/hodc khan hiém nudc vira phai (~120 EJ); (iv) cdy tréng ndng lugng
dugc trong thém & nhitng khu vuc cé dat thodi héa vira phai va/hodc khan hiém
nudc vua phai (~70 EJ) va (v) tiém ndng céng thém khi ndng sudt néng nghiép
tdng nhanh hon trudc kia, nho vdy san xudt dugc nhiéu thuc phdm hon trén cung
mot dién tich dat (~ 140 EJ).

Tiém ning (v) Cai thién nang suat néng nghiép

sinh khai

bén virng
(2050)

(iv) Cay trong nang lugng, khéng loai trir
(iii) Cay trong nang lugng, c6 loai trir

(ii) San lugng rirng thang du

(i) Ph& pham néng nghiép va Iam nghiép

Nguén: Bdo cdo thudng nién 2009 — Ndng lugng
sinh hoc IEA

tute of
nalogy

Kl



Next Generation Biofuels

AUGUST 15, 2011

GEMERATIONS

Biofuels Are Grouped According
To Commercial Maturity

FIRST GENERATION: Ethanol and bio-
diesel are commercially available first-
generation biofuels. Ethanol comes from
the starches and sugars in food crops
such as corn and sugarcane. Sugarcane
is a more efficient source than corn and
the one on which Brazil. which is second

to the LS. i anal biofuel,
hasbuitits 1St ry.Theus.
ethanol indu ts on corn.

First-genera FOOd rwstly comes
FrOM FAD E5E o o groay ol 50Y and

SHUT TERS TOGK

x
2
B
#
1
L=
I
4

SECOMD GEMERATIOM: Experts believe
cellulosic ethanol made from inedibile
plant matter, such as switchgrass and
wood trimmings, will be the next type

of biofuel to enter the market. Its ad-
vantage is the feedstocks can be more
environmentally friendly and economi-

cally sustainable than food-based bio-
fuels, The biggest technical challenge,

‘-'»..-..uu- T ae o | PP & P

2nd
" Non-food *
¢ Lignocellulosic ;

Council on Bisethics, a U.K.-ba
tank Biodiesel also is a second-ge
ation biofuel when it's produced from
plant matter by a variety of methods.
The most fameous one—FischerTropsch
synthesis —converts a mixture of carbon
monoxide and hydrogen into liquid hy-
drocarbons; it was used by the Germans
during World War |l to produce petro-
leum substitutes.

EANDI NATIONAL LARORATORIES

THIRD GENERATION: This generation of
biofuels is sometimes referred to as the
“advanced” generation. Fuels in this cat-
egory are generally oils, such as jet fuel,
derived from algae and other aquatic
species. The hydrocarbon molecules in
these fuels often pack more energy per

on than nd-gener

reneration
bi 3rd n of biofuels
aims to nol wd for land;
to not harn Algae it; to have
high energy yields with low inputs of wa-
ter, land and fertilizer; and to have cost-
effective production.

ati

Kl

Kores Institute of
Science and Technology



Nhién liéu sinh hoc thé hé mdi

GEMERATIONS

Biofuels Are Grouped According

Kl

Kores Institute of
Science and Technology

oy
=
£
To Commercial Maturity 3
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FIRST GENERATION: Ethanol and bio- SECOND GEMERATION: Experts believe ;
diesel are commercially available first- cellulosic ethanol made from inedible E
generation biofuels. Ethanol comes fram  plant matter, such as switchgrass and 5
the starches and sugars in food crops wood trimmings, will be the next type =
such as corn and suearcane. Sugarmcane of biofuel to enter the market. Its ad-
is a mor N corn and vantage is the feedstocks can be more
the one The he 1 s second environmentally friendly and economi-
to the U W biofuel,
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cally sustainable than food-based bio-
fuels, The biggest technical challenge,
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The hé 2 THIRD GEMERATION: This generation of
Sinh khai  [BERAEE e
lignocellulose i 20 aie. v v st
c6 ngudn gc U e e
phi thuc pham  “mguw o o005 o
The most fameous one—FischerTropsch bi J fuels

synthesis—convertsa mixture of carbon  aims to nol Tao and;
monoxide and hydrogen into liquid hy- to not harn ]
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1st and 2194 Generation Bioethanol

1st generation 2nd generation s O

Substrate: Sugar(sucrose) from Substrate: Lignocellulosic materials
sugarcane and starch from corn or (straw, corn stover, wood, and
wheat waste)

No chemical/physical pretreatment Chemical/physical pretreatment

of biomass before enzymatic necessary to facilitate enzymatic
hydrolysis hydrolysis

Optimized, commercial enzymes Expensive, non-commercial enzymes
available

2nd generation bioethanol reduces CO, emission with 90-100%
(WELL-to-WHEELS Report, EU commission 2007)



Ethanol sinh hoc thé hé 1 va thé hé 2

Thé hé 1 Thé hé 2 sy

Chat nén: Pudng (sucrose) tir miava  Chat nén: Vat liéu lignocellulose (rom,
tinh bot ngoé hoac lia mi rom ngo kho, go va chat thai)

Khong can tién xir ly héa hoc/vat ly Phai tién xir ly héa hoc/vat ly nham
sinh khoi truéc khi thiay phan enzyme tao diéu kién thich hgp cho thuy phan

enzyme
D3 c6 san cac enzyme téi uu, dugc Enzyme dat tién, khong dung cho
mua ban rong rai muc dich thucng mai

Ethanol sinh hoc thé hé 2 c6 thé giam phat thai CO2 dén 90-100%
(Bao cao WELL-to-WHEELS, Uy ban chau Au 2007)



From 1st Gen. To 2"d Gen. Bioethanol

1st Gen. Biofuel
(Food)

*Food (Food vs. Fuel Debate) *Non-food Lignocellulosic biomass
- Expensive source (>70% of production «Cheap source (< 35% of production
cost) cost)
 Lower productivity (8 ton/acre) « Higher productivity (200 ton/acre)
v /



Tu ethanol sinh hoc thé hé 1 dén thé hé 2

Nhién liéu sinh hoc
thé hé 1 (Nguon géc
thuc pham)

SN

» Thuc pham (Tranh céi giira thuc pham va
nhién liéu)

*Nguyén liéu gia cao (>70% chi phi SX)

«Nang suat thap hon (8 tan/mau Anh)

Nhién liéu sinh hoc K]

thé hé 2 (Nguon goc Y
phi thuc pham

- Sinh khéi lignocellulose c6 nguén goc
phi thuc pham

*Nguyén liéu gia ré (< 35% chi phi SX)
«Nang suat cao hon (200 tan/mau Anh)

A

5



Starch and Lignocellulosic Biomass

Corn Grain
Corn stover
Corn Kernel (Lignocellulose
Component (Grain) g
Starch 72-73 Trace
Cellulose/Hemicellulose 10~12 63-67
Lignin Trace 10-16
Other Sugars 1-2 3-6
Protein 8-10 1-3
Oil/Other Extractives 4-5 3-6
Ash 1-2 5-7
Starch is a pOIYmer of a-D-Glucose (”nea- e e e - LCIHUIUDC IS @ PUIYITIEI Ul Pr/=3IULUDC (1ncar )
CH,0H ngo cuzouo H OH CH,OH H OH

H ©OH H OH

° 0
H/H o— /on H\H H/h o— /on H\H
OH H H 0 I\OH H H o—
H H d H H d
H

OH CH,OH H OH CH,0H

Starch

Cellulose




Tinh b6t va Sinh khoi lignocellulose

-
Rom ngo
Thanh phan m (Lignocellulose)

Tinh bot 72-73 Ham lugng it
Cellulose/Hemicellulose 10~12 63-67
Lignin Trace 10-16
Cac loai duong khac 1-2 3-6
Protein 8-10 1-3
Eﬁ;{Céc chat chiét xuat 4.5 3-6

Tro 1-2 5-7

Tinh b6t la 1 polymer cua a-D-Glucose (tuyén tinh & phan nhanh) Cellulose la 1 polymer cta B-D-Glucose (tuyén tinh)

CH,0H CH,0H H,OH CH,0H CH,0H H OH CH,OH H OH

4] Q 0 Q 0 0 0
H/u o W o M oo VAL H H/m o—/fon H\H  H/y o— /o0 H\!
o HAL o Noh HAL o Now HA o Now Hfl o Now nfl o OH N H o0—I\OH H H o—
H H 0 H H 0
H OH H OH H OH H oH H OH H OH H OH CH,OH
Tinh bot Cellulose




Structure of Lignocellulosic Biomass

_OH Lignin sk
KA

& Yo owe - Complex aromatic structure
Me o] . . . .
,OH({\;O \_ /"4 - Resistant to biochemical conversion
- \_7# . o .
B -
. ’*O’LY 7 oy Different depolymerization chemistry
HO { oH_~_A_o HO 0O+
n.a.L s CH,OH
HO & oY HO” e
i OMe N £—0
} cu,clm é/ \c
MeO” N OH OMe /A9 W
E ] c—o <N A
o© | 2 HO /J\.ro.,v‘ T/ \/ c—c H\O
ol i 707N ™ oMe /c\f)!" rli/f H OH
HO T X OMe OH o c—¢
IEI DIH
Cellulose

10-25% - Crystalline polymer of
[CATEGORY 30-50% glucose (celloboise)

NAME] - Difficult to chemically
- hydrolyze
- Susceptible to enzymatic
attack by cellulases

Hemicellulose
Cellulose - Hetropolymer of
] pentoses and hexoses
__ Hemicellulose L g - Variably substituted
Lignin \,-\.'T""’\‘,N/:‘f\&mt;y\;;m (acetyl, uronics)
2/ A/ TN T2 70 - More easily

mEag ) \ g =/ 1
=P ,& '/:?‘* depolymerized



Cau truc cua sinh khoi lignocellulose

Cellulose
Hemicellulose

Lignin

1
~OH Lignin . :«m]m< ST

Science and Technology

- ?-LO owe - Cau tric thdm phuc tap
Me . ~ A s .
'OHé'O om0 Chiu dugc chuyén doéi hoa sinh
. ;”’o’L\,/| J.) J = - Phan Ung khu trung hop c6 khac biét
HO __ OH '_._,.‘___,I\V,O HO O';
HO "}i 0 “Ho” CICHfO
i OMe H
® cHion ¥ ok
(1 OH OMe c—o0 R N
v} o : | \_HO\ /J\.ro."‘ T/ \ /0 \cl_(l:/']-l\o
=3 ] = O \/I."'Q Ae < OH H (I.' H OH
HO T ‘ OMe (BH O/ \é—é/
|E| DIH
Cellulose
10-25% NAME] - Polyme tinh thé cta
[CATEGORY 30-50% glucose (celloboise)
NAME] - Kho thuy phan héa hoc
15-30% - Dé bi tdn cdng enzyme bdi
cac té bao
% . g Hemicellulose
AN TN - Hetropolymer cla
Al ‘ ‘ Hetropoly
) {J 2% A /—J pentose va hexose
i i ; - Cé thé dugc thay thé da
- .\-‘___.-w“ - .e—l & __L__a\ o 2 » l_\__\___;\ ~ L . N . A e
Ay /“—-' ’\,N/?:m 3\ Jz:.gt\j\,_;r_ dang. va bién déi (acetyl,
Ay, 0 B ~./\;{ uronics)
L /& ~>7 - Dékhtt trung hgp hon

5



Cellulosic Biomass: The New “Crude Oil”

“I/]

Agricultural Residues

Energy Crops

Cellulosic Wastes




Sinh khai cellulose: M6t dang “Dau tho” mdi

“I/] 5

Phé pham néng nghi Cay trong nang lugng Chat thai cellulose

>
©




Agricultural Residues

corn stover, wheat straw, rice straw
Herbaceous Biomass

switchgrass

miscanthus

Woody Biomass
softwood
hardwood: Poplar, etc

Various Cellulosic Biomass
?P“'\,"‘\ R .‘I‘ ‘“

Switchgrass (3-6 tons/acre) — 400-900 gal EtOH
Miscanthus (20 tons/acre) — 3,250 gal EtOH

Corn (7.6 tons/acre) — 756 gal EtOH W 2
Wood timber (4 tons/acre) — 520 gal EtOH R "R T
Ppﬁjar.




Sinh khoi cellulose kha da dang

Phé pham ndng nghiép
rdm ngo, rédm [da mi, rém ra
Sinh khéi than thao
co Switchgrass
co lau Miscanthus
Sinh khoi 96
gd mém
go ciing: bach duang, v.v.

Co Switchgrass (3-6 tan/mau Anh) - 400-900 gal EtOH
Cd Miscanthus (20 tan/mau Anh) — 3.250 gal EtOH

Ng6 (7.6 tdn/mau Anh) - 756 gal EtOH M S|
GO xé (4 tdn/mau Anh) — 520 gal EtOH U R

Bgcﬁ:du’dng



Biomass Logistics

Kores Institute of
Science and Technology

Kl

Collection and

harvest Transportation Storage Densification
(e @relp Pelletize
Bulk storage
; : options:
| ol e [ Eledyons [ packed i
pelletize
Yes Moisture No silo
content ;
> Dryin
< too high? ying
Ted or
invert crop
Bale storage
[ options:
Bahe or Trailer suitable for .| Place in shelter .| Adjust baler
. OR) bale stacking d wrap "| compression
el 7' tarp outdoor
leave exposed




A~ e

Logistics trong sinh khoi

Kl

Kores Institute of
Science and Technology

Thu gom va A = . .
thu hoach Van chuyén Luu trir Nén
CaE cay Vién nén
trong Céac phuong phap
luu trir s6 lugng
.| Xe container phu hgp dé _ I&n vat liéu: o Cho vao silo
van chuyén sé lugng Ién "| Cho vao silo, say i
Khén kho va tao thanh
9 vién nén :
> Say kho
Gil hoac lat
lai cho kho
Phuong phap luu
Cudn hay Xe dau kéo dé chat - (;[;gc\gcobk%/g:gx Diéu chinh luc

chat nho? x€p cac bo cudn nén clia may ép

A

boc lai bang bat
nhua, dé ngoai trdi




Considerations about Biomass Logistics

Harvest and Collection mm!éST

a Type/sequence of collection operation & equipment

0 Moisture control

0 Appropriate shapes to be moved (bale or chop)

a Densification needed for efficient transportation and storage

Transportation
a Distance from plant & biomass amount: Truck vs. Train
Q Trailer/container depending on shape of biomass to be transferred

Storage

0 Hauled to plant

0 Stored at production site
0 Outdoor, shelter or silo




Mot sO luu y vé logistics trong sinh khoi

Thu hoach va thu gom mmléST

Q Loai hinh/trinh tu thu gom va thiét bi sir dung

0 Kiém soat do am

0 Hinh dang phu hgp dé tién van chuyén (cudn/bé hay cat nho)

0 Do nén can thiét dé€ dam bao hiéu qua trong khau van chuyén va luu trir

Van chuyén

a Khoang cach dén nha may & lugng sinh khaoi: Xe tai hay tau hoa

0 Tuy thudc vao hinh dang cla sinh khéi can van chuyén dé chon loai xe phu hap:
Xe dau kéo/container

Luu trir

Q Chdg dén nha may

O Bao quan tai khu vuc san xuat

0 DE ngoai trdi, kho chira hoac silo




Bioethanol Production Steps

Kores Institute of .,
Science and Technology
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Cac budc san xuat ethanol sinh hoc

Kores Institute of .,
Science and Technology

A 4

LéN men
Chung cat/Khtr nudc
Ethanol sinh hoc

Pbudng hoa

A\ 4

Lignocellulose

Tién xt ly




Pretreatment of Lignocellulosic Biomass

Crystalline Amorphous K]ST
reﬂion region e e o

Science and Technology

= = =p Cellulose
= = = =p Hemicellulose
= = = Lignin

Destroy lignin shell protecting cellulose and hemicellulose
Decrease crystallinity of cellulose

Increase porosity to enhance enzyme accessibility

Pretreatment

Physical, chemical (acid, alkali), Physicochemical (steam, ammonia), Biological
Cost intensive

Glucose (sugar)
& ° —_—
s ® L 2
Saccharification o ® o 2
Hydrolysis o ° ]
AFPCIIVEE, . o © 2
@ @ (%)

g 1 ¥ °

Enzyme or Acid Yeas



Tién xu ly sinh khoi Lignocellulose

Vung tinh  Vung vé dinh K]ST

Kores Imstitute of

thé’ hlnh Science and Techmiogy

=— = =3 Cellulose
= = =— =—p Hemicellulose
=— = =» Lignin

Pha hay vo lignin bao vé cellulose va hemicellulose
Giam do két tinh cua cellulose
Tang d6 xop dé tang kha nang tiép cin enzyme

Vat ly, Héa hoc (acid, kiém), Hoéa ly (hci nuéc, amoniac), Sinh hoc

Ton nhiéu chi phi

Glucose (dudng) v

» 8 e o o
L ) ‘M\G"% .\ ° : ° '. j
i » /"\M. ® "L Pudng hoa R o ® o 'ﬁ
Thuy pha * B S

\“- RN AR :
e~ e ® o £

¢ 2 ° .o b

Enzyme hoac acid Men -



Separation and Purification for Fuel-Grade Ethanol

]
0 Distillation h.m]é ST

- azeotrope between water and ethanol (~95%) L Fermentor J

Vapor-Liquid Equilibrium

Mixture of Ethanol and Water
T T T T P=1d1325kPa
PP [ KBRS SRR SR SRR SR SR S s
PSS Ethanol 2.5-10%
ame | oo N

L Mash & Stripper J

364}

360

) Column

356 f- b A
: J : : 3 ! : Azeotropic
356 [ooomor oo e 3o

354
352

Liq;uid Cﬁi:vmpoa?ilion Etha nol ~ 50%

350

01 02 0.3 0.4 0.5 0e 0.7 0.8 CSP 1
Pure Mole Fraction of Ethanol [mol/mol]

o Rectification
a Dehydration Column

- Synthetic zeolite (pore size 0.3~0.35 nm) lEthanoI 90.929%
Separation of ethanol (0.4 nm) & water(0.28 nm)

L Dehydration J

Ethanol >99.5%




Tach va tinh loc ethanol dung dé phéi trén xang

1
2 Chung cat h.m]é J

- hén hgp déng séi clia nudce va ethanol (~95%) L Hé théng Ién men J

Cin bing hoiling
Hoén hop ethanol vi nwéc
374
T ] NS E DS PRURE S H  aa E

" : ! | ! ! ! " P=101.325kPa
=i o lEthanoI 2,5-10%

366 [ % sdeenees

E— 18 Cot ngam mash va
) ' tach chat

360
358 p------
sl =
o o SR AN N Ethanol ~50%
S H H H H H H : :

0, 01 02 03 04 05 06 07 08 09 1
Nuwrge cat Nong d6 phan mol ciia ethanol ~ Ethanol tinh khiét

0 Khuo nuéc

L Thap chinh luu J
- Zeolite tong hgp (kich thudc hat 0,3~0,35 nm) 1 Ethanol
Khu nudc

90-92%

l Ethanol >99,5%

Tach ethanol (0,4 nm) & nudc (0,28 nm)




1st Generation Bioethanol Production Process

Sugar — .> Biogenic  Distillation ;I-
syrups .

L]
Milling Saccharification .

+ Water
Grains ‘ + Enzymes

L;ﬁ»:»

CO:

+ Yeast

1

99.7 vol.-%
Bioethanol
Stillage 4 Stillage
NN Pelleting
3 ’ ("" \ > DDGS ~ Wheatmeal
' S e Sugar
Yeast
; . @ Bioethanol
t
vaporation s 2° e CO:
5 Em B
NEWGEN
&
Byproducts A7
. . 7 . . . . . Net Wt 2
- DDGS: Distiller's Dried Grains with Solubles: Animal Feed (Protein) A
8

- CO,: Food and Beverage, Chemical Industry

© CropEnergies AG Mannheim 2011



Quy trinh san xuat ethanol sinh hoc thé hé 1

CO, nguén  Chung cat
auon ssss P g5 sinh na.ct 7
s . vat Chinh luu
Nghién vun o |
’ Lén men
| ! |
| ;{ e i Mash : Khir nuéc
Hat ’ | l‘ + Enzymes . - P .

: : |
9 |

— |

2 ll:.

99.7 vol.-%
Ethanol sinh hoc
Ba rugu ‘ B3 rugu
Say kho Nén thanh vién
a1 DDGS © Bot Ida mi
N e DPudng
Men
@ Ethanol sinh hoc
Bay hai e
2

Phu pham

- Ba rugu kho (DDGS: Distiller’'s Dried Grains with Solubles): Thirc an
chan nuoi (Protein)

- CO,: Nganh F&B, cong nghiép héa chat
© CropEnergies AG Mannheim 2011



Production Process of Lignocellulosic Bioethanol

il I
: i ? '.
V3 Pretreatment &
W .,
0 l
Lignin Hemicellulose
Cellulose
~1°2
I'I N
\ I\ll Separation Fermentation
72 W4 ‘ ‘Q Purification
“I'- ,'
=
oo oL
Byproducts
containing lignin Ethanol

Source: Abengoa



Quy trinh san xuat ethanol sinh hoc Lignocellulose

Enzyme

i oo
y ?gpa ]
. [ e
e \l o ’?ﬂ Xylose
Lignin Hemicellulose

Cellulose Glucose

Phu pham chira
lignin

Nguén: Abengoa



Bioenergy Production from Various Biomass

Starch Starch
or Grain Hydrolysis
Fermentation
l Glucose Product
Fermentable ‘ Recove
Sugars C5/C6 Sugars v
- Ethanol
C5 Sugar(s) - Food Products
Cellulose - Animal Feed
Hydrolysis - Chemicals

Lignin
Pretreatment Residue

Pyrolysis Oil
Synthesis Gas

Kores Institute of
Science and Technology

Lianocellulosic Thermochemical ‘ -  Heat and Power
gBiomass Conversion - Fuels and Chemicals

S



San xuat nang lugng sinh hoc tu cac sinh khoéi khac nhau

Kores Institute of .'
Science and Technology

Tinh bot Thuay phan

hoac hat tinh bot
Lén men
l Glucose Thu heéi
' san pham
Pucong C5/C6

Duaong lén
men duo’c

- Ethanol

i n Pudng C5 - Thuc pham
Thuy phéan - Thirc an chan nuéi
cellulose - Héa chat

Chuyén doi - Nhiét va dién

héa nhiét - Nhién liéu va hoa chat
Dau nhiét phan
Khi dét tong hop

Sinh khoi
Lignocellulose



Biodiesel production by Transesterification

Fatty Oil
gTrleggerldeﬁ)

H, H H

H,
2 ¢ c c c c ./ |/
SN N NN N T + 3 H—C—0 MESEER,
HiC H H, H, H, H: I ;
HZ 22 o c /EZ /22 /22\ / H
C N
~ / ./ N/ ™~ c
/ C c c c :':Iz EIZ H, Methanol
= o1
o )
= \|LO—CH
g 0: ’ H H l‘ll :_Na’
= g{ |-|—cI —o/ g NaOH mE) H—C —O dF H,0
NaOH JJ Catalyst 1O —CH | |-||
ol
8 'é : Mettlano\ Sodium Hydroxide Sodium Methoxide Water
2 \O_CH
[ ! : =
’ —
HO—CH, =
Biodiesel (FAME: Fatty acid methyl esters)
H H, H, H, H, 22 I(-lz\ +
’ C c c c HO—CH NaOH
/c\/ \C/ \c/ \c/ \c/ \C/ c/
HO—CH,
Byprodct: Glycerol/Biodiesel (w/w) = 1/10 Glycerol




San xuat diesel sinh hoc bang este hda chéo

Dau béo (Triglyceride)
H, H, L I(-:lz C C C
/C\C/C\c/c\c/ NN NI
H, H,
H, H H

H,C H, H, H, H, H,

H
H, H, - H, ? C /
c c c c c N~/ |
SN N NN N T + 3|H—C—0 C—
H,C H H, H, H M | .
p
e e C © ?2 22 22\ / H
c ¢ /SN /SN
~ S ./ - VAN C C
7 e c c c < W Methanol
PII
\o C\lt
_;:.: 0:CI—CHZ H " T !\|3>
1
S ' ] H—d —d & NaoH B H—C—0 gF H,O
NaO [l Chat Yo— c | [
- P ol
H E Xuc tac 'é : Mettlano\ Sodium Hydroxide Sodium Methoxide Nudc
\I'O—CHZ
| =
g 5 = . . HO—CH, ==
Diesel sinh hoc (Hon hgp methyl este acid béo -
FAME: Fatty acid methyl esters)
H
H, H, 2 i 4+ HO—CH <4+ Nao

/\/\/\/\/\ < ¢ .

Phu pham: Glycerol/diesel sinh hoc (w/w) = 1/10 « Glycerol




Biodiesel Production Process

—]

Catalyst (NaOH) =l -

-A

Methanol .

Trans-
esterification

Neutralizing

Acid ‘



Qua trinh san xuat diesel sinh hoc

Chat xic tac > >
(NaOH)

-A

Methanol

Metha-
nol dugc

Trung hoa

acid ‘



Biodiesel Production Process

rvecton oo el A Aantad fri " K T
@J Ell_.-.d-h.-:'a-pllrlsﬁ-‘if:le"l-‘:;:i:' Ptiee fon @ Un |Uad|ng S sttt o S

Cropland Biodiesel @ Pressing

© Filtering

© Extraction of meal

© Pumping

© Addition of reactants

@ Transesterification and settling
What'slelt of the seeds @] W&Shiﬂg

@ he pressed oil

falls into a pan
and is screened IR om the e g
r(a—ﬁ" 15 @ !,':1".:","E and a2 catalyst
} | "= then pumped s P Tt o s achy S
|nt:|1f| dod and cinculai

@tﬁ he ol is eft

settle and the
impurities (glycerin)
are filtered out

@ The processor cleans the oil with a

water wash system, leaving 100% pure
biodiesel ready to fuel diesel vehicles



Qua trinh san xuat diesel sinh hoc

Mb phong lai theol
Cropland Biodiesel

@J Hat giéng thu hoach
dugc cho vao phéu

!

@ Hat di chuyén qua
#'  may ép kiéu vit dugc
[am néng, ép dugc 90-
95% dau

@ Dau ep roi O Ba hat sau dé dugc

vao chao va
dugc sang : dua ra khdi may va
loc E‘ ban lam thic an giau
protein
,——-"'J Methanol va chat xdc
Dau dugc @ tac (thudng la dung
| \—~ bdm vao dich kiém hodc kali)

\ dugc thém vao dé tuan
" / hoan bén trong may

@ Dau dugc dé
/J Iang va cac tap
chat( lycerin)
Mduoc Toc ra

ngoai

@ BO xur ly lam sach dau bang he thong

rira nudc, chi de lai 100% dau diesel
sinh hoc nguyén chat dé cung cap
nhién liéu cho xe déng ca diesel

@ Nguyén liéu dau vao

@ Ep

© Loc

@ Chiét b3 hat

© Bom

© Thém chéat phan tng

@ Phan Ung este hoa chéo va lam lang

© Rua

K

u Im:lt\mdr

gl




Summary on the bioenergy in Korea

Biodiesel Lipid, waste oils Diesel —

Microalgae Diesel i

Bio fuel oil Lipid, waste oils Electricity I —
Bio aviation Lipid, waste oils Aviation fuels i

fuels —
Bio marine oil Lipid, waste oils Marin oils ﬁ

Bioalcohols Sugars, cellulosic Gasoline

biomass ﬁ

Syngas-derived All kinds of biomass  Natural gas,

fuels gasoline,  |——)

diesel, DME,
H, —
Pyrolysis oiland  Lignocellulose, all Gasoline,
its derived fuels kinds of biomass diesel
Biogas Sewage sludge, Natural gas
municipal solid (LNG)

waste



Bang tdm tat nang lugng sinh hoc tai Han Quéc

Diesel sinh hoc  Lipid, dau thai Diesel ~ E——
Vi tio Diesel ~ I—)
Dal;imuﬁgcheu Lipid, dau thai Dién —
Nhién liéu hang Lipid, dau thai Nhién liéu i
khéng sinh hoc hang khong  p—)
lgl?]l#] ?]ISQ Lipid, dau thai Dau bién ﬁ
Coén sinh hoc  Pudng, sinh khoi Xang
cellulose ﬁ
Nhién liéu géc  Tat ca cac loai t'fb' thién
oz b eha nhién, xang, —
khi tdng hgp sinh khoi diesel. DME
H, —
Dau nhiét phan & ngnocellulose tat Xang,
nhién liéu dan xuat c3 cac loai sinh khoi diesel
Khi sinh hoc Bun thai, Khi thién
chat thai ran nhién (LNG)
do thi



Government-funded research and major companies

6000 K T
102.1T KRW e et S
Sum of government research fund

55.5T KRW

onl

™
A
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HEO| @ Off 4 K| & 5 ¢ 1 7] 2B

2009 |Ee———
2010 |———
2011 |——
2012 |(e————
2013 |
2014 ]
2015 |E—————
2016 |——
2017

D015 |
2019 |——
2020 |
2021 |—
2022 |—

2005 |ee——
2006 |
2007 |e——

2002 |8
2003 m
2004 |mm

_’2008 |

Global financial crisis More funds to Materials/Parts/System

Target changed to
commercialization

Major Korean companies for the bioenerqy
Saccharification of lignocellulose: CJ, GS Caltex
Bio-alcohols from inedible biomass: CJ, GS Caltex
Lipid-derived bio-aviation fuels: SK Innovation
Biodiesel: SK EcoPrime, EMAX solutions, Dansuk, etc.




Nghién ctu do chinh phu tai trg va cac cong ty |6n

s Kl
= 102,1 nghin ty KRW .“M'M"WS
%ﬁ_ 5000 Téng quy nghién citu ctia chinh phu
= 555ngh|n
o ty KRW
= 4000
=
r'_
5l
I 3000
<0
-,5—2000
%
= 1000
s i
oM s N W M~ 0O 0 A NS N W M~ 0O o
o o 9 o 2 2 2 2 o d d d 4 4 4 4 4 = o o o
o o O o o o o o o o o o o o o o o o O o O
Khiing hoang tai Thém ngan sach cho Vat liéu/
chinh toan cau Céu kién/Hé thong

D6i muc tiéu thanh
thuong mai hoa

Mot s6 cong ty nang lugng sinh hoc I6n cia Han Quéc

- Cbong nghé duong hoa lignocellulose: CJ, GS Caltex

- San xuat con sinh hoc tu sinh khéi c6 nguén géc phi thuc pham: CJ, GS Caltex
- Nhién liéu hang khéng bén vitng c6 nguon goc tu lipid: SK Innovation

- Diesel sinh hoc: SK EcoPrime, EMAX Solutions, Dansuk, v.v.




Current status: Biodiesel (commercial)

— CH,-0O0C-R! R!-COO-CH; CH,-OH s R S
Feedstocks of biodiesel (2019): % catalyst |-
Domestic (waste oils etc.) 29%, CH-00C-R* + 3CH,OH ¢——— R!-COO-CH; + 'IZH-DH
Imported (palm wastes etc.) 71% CH,-00C-R? RI-COO-CH; CH,-OH
Triglyceride Methanol Methyl esters Glycerol

<- Producing biodiesel from lipid (triglyceride) =

Domestic consumption of

180,000 -
diesel fuels

2015~ | 2018~ | 2021.7 | 2024~ | 2027~

; 170,000
Year | 5017 | 20216 | ~2023 | 2026 | 2029 | 29%0 :
% 160,000
Mixing é
rato 25 30 35 40 45 50 3 w000
(%) o I
% 140,000 I
:
o
120000 - 8 B & & § § 8 8|

2013 2014 2015 2016 2017 2018 2019 2020

Year | 2007 | 2008 | 2009 | 2010 | 2011 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019

Supply

(1000 110 200 290 400 390 400 390 400 470 580 630 760 760
kL)

Mﬁﬁg 05% 1.0% 1.5% 2.0% 2.5% 3.0%



Hién trang: Diesel sinh hoc (thucong mai)

" on . ~ — CH:_ODC_RI R'-CDO‘-CHj CH,-OH i LTS it of S
Nguyén liéu tho cho san xuat ; Chat xic tac T
diesel sinh hoc (2019): CH,-00C-R* + 3CH,0H «——— RNCOO-CH; + CH-OH

Néi dia (nhu dau thai) 29%, CH,-00C-R? R!-COO0-CH; t!:H«-DH
Nhap khau (nhu chat thai co) 71% )
Triglyceride Methanol Methyl esters Glycerol
<. San xuat diesel sinh hoc tu lipid >
(triglyceride)

Murc tiéu thu nhién liéu

180,000 - —
- diesel trong nuéc
2018~ T7/ g 170,000
Nam | 2N Tel | 2021~ | 22T 2T a030~ | %
2021 2023 § 160,000
Tylé
tron 2.5 3.0 3.5 4.0 4.5 5.0 =
(%) 2 140,000 I I
fé
130000 L9 B & & & & & & |

2013 2014 2015 2016 2017 2018 2019 2020

Nam 2007 | 2008 | 2009 & 2010 | 2011 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019

Cung

(1000 110 200 290 400 390 400 390 400 470 580 630 760 760
kL)

tTri’)Le 05% 1.0% 1.5% 2.0% 2.5% 3.0%



Current status: Biodiesel (commercial)

KST

s L0 it of

White bio roadmap of Hyundai Oil bank

1THA| 2CHH| 3THA|
@\ 2 HoSuiee 28 . .
1 | -, (:Q °
2
JC Chemical E T L, LI
(0t 2007 S e

-1 @ o e kP =l o

&4 L& LE] , -—'_.’

HVO 508HE HPCEE Hjo| 2 5

With increasing market size, big companies
including Hyundai Oil Bank are also interested

EMAX solution Fe in the Biodiesel (then bio-aviation fuels).

(March 2008) |: = GS Bio
= Zo N (June 2011)

r

TG~ ,
2 L : - .'" i 4
At - ¥V
- ]

Manufacturing factories of Aekyung Chemical and SK EcoPrime are located at Ulsan.




Hién trang: Diesel sinh hoc (thucong mai)

Kl

“ x s B & i z a 3
o g > S n :
ol : o )
3 e o Korea Imstitute of
] - Science and Technology
~ WS .-v.a. _ - =
. 3 I T
3 »
™ 4 X A 1 T
= - R
el

Aekyung Chemical
(T4/2007)
T

L6 trinh sinh hoc trang cla Hyundai Oilbank

Dansuk 1EHA| 2CHA| ICHA]
(T4/2006) . @.‘ e YOS 2 " 3
. ';;:‘ 1 .., ;}? e
JC Chemical (=] s ol 2 Aol
1 (T10/2007) i R
\ [ - T 0
| Gd [ §LE , '_'_.’
HVO 508HE HPCRE B0 2w
V&i quy mo thi truGng ngay cang I&n, cac cong
e 3 ty I6n nhu Hyundai Oilbank cling rat quan tam
T i £ SET d|es:elhs;]nh )hoc (sau do la nhién liéu hang
(T3/2006)  |o+ GS Bio ©ng sini nec:
. e (T6/2011)

e e T W « - 3
.o : o3y - i /)
% i 4= iﬁ
P o 9
o i

Cac nha may san xuat ctia Aekyung Chemical va SK EcoPrime dugc dat tai Ulsan.




Current status: Bio fuel oil (Commercial)

Kl

Manufactured from animal/vegetable oils, fatty acid methyl esters, fatty acid ethyl esters and their by- _ ...
products, and used as fuel for steam power plants

sfoleciy Yy

g - X bjojecp
; 9 : 0

© HC=O=l=R, Ry==C==0 =CH,
: 0 :

: Hf!—o—ﬂ—n, : *

; | o :

© HC=0=C=R, = E

: WR:C6~C24 H;C=0H

+ : HC = OH
-_TE.
: 0 :

H 1 .

= H o (oo { = R .

(HOIRE R FEE)




Hién trang: Dau nhién liéu sinh hoc (thugng mai)

Kl

Pugc san xuat tir dau dong/thuc vat, este methyl acid béo, este ethyl acid béo va cac phu pham khac, ...
Pugc dung lam nhién liéu cho cac nha may dién hgi nudc

sfoleciy Yy

g - X bjojecp
; 9 : 0
© HC=O=l=R, Ry==C==0 =CH,
: 0 :
: Hf!—o—ﬂ—n, : *
; | o :
© HC=0=C=R, = E
: WR:C6~C24 H;C=0H
+ : HC = OH
-_TE.
: 0 :

1 .
= H o (oo { = R .

(HOIRE R FEE)




Current status: Bio fuel oil (Commercial)

It is manufactured using imported palm oil (by-product) and domestic biodiesel by-products as main raw K] 49
materials, and the proportion of domestic raw materials is about 31% (2019). et S

Science and Technology

HE AEF (E)

=
20149 | 2015 | 2016 | 2017 | 20184 | 2019
TeM (B BAMES) o8 221 213 170 181 290
L4 (BD 3EFEAE &) 87 08 138 163 148 131
A 185 319 351 333 329 421
=LA H|E 47% 31% 39% 49% 45% 31%
A SE MAs3H (kL ') A XX 600,000
EO|HEFEM 2019-05-30 7.855 Mt e =X 500,000
G THAL A 2019-03-19 258,750 HAI|E ANE T 400000
O AAHO|ADIZ& 2019-03-25 271,560 A7 Myt = 300000
N I _
o 8 72t 2019-03-26 311,730 Mg 312 Mo 200,000 _
HOIMAD|ZE  2019-03-22 252,000 M 28F 100,000 l I l l l
GSHIO|2& 2019-07-24 126,000 M o= 0 J
1O ~ oAb o= 2014 2015 2016 2017 2018 2019
OlAHFOI269  2019-03-28 475,200 =ECET RESUT ARSI aHSET CSNET eAGLE3A
A O|X|OE|}AG 2019-04-04 210,000 ERNES .
B Currently, KOMIPO (2 units of 75 MW) and
@7 0|LI|OH0|  2019-04-12 226,800 a871 84

Annual production capacity is about 2.14 million

kL.

Southern Power (2 units of 100 MW) are
100% burned, and East-West Power (3
units of 400 MW) 80% are burned
together. 9



Hién trang: Dau nhién liéu sinh hoc (thuong mai)

Dugc san xuat bang dau co nhap khau (phu pham) véi phu pham diesel sinh hoc trong nudéc la nguyén IiéuK] T

chinh. Ty 1& nguyén liéu tho trong nudc khoang 31% (2019).s¢ dung nguyén lidu thé (t4n) oz
Phan loai - :
Nam 2014 Nam 2015 | Nam 2016 | Nam 2017 | Nam 2018 | Nam 2019
San pham nhap khau (phu phadm dau co, v.v.) 98 221 213 170 181 290
Hang trong nwéc (phu pham quy trinh BD, 27 08 138 163 148 131
V.V.)
Téng 185 319 351 333 329 421
Ty 1€ hang trong nudc
47% 31% 39% 49% 45% 31%
P - . Nang Iyc san Khu virc nguyén
U Eei i) bangky | &t (kL / n&m) liéu
. 600,000
Emax Solutions 2019-05-30 7.855 Suncheon,
Co.,Itd. Jeollanam-do 500,000
Dansuk Industrial . . B [ [
Co..Ltd. 2019-03-19 258,750 Siheung, Gyeong g 400,000 o
= 300,000
SK Chemical Co.,.Ltd.  2019-03-25 271,560 Seongnam, 0
Gyeonggi M0 200,000 |
Ackyung Chemical 5519 0394 311,730 Guro Seoul 100,000 o
Co.t IiREEN
JC Chemical Co.,Ltd. 2019-03-22 252,000 Ulju Ulsan 0
2014 2015 2016 2017 2018 2019
GS Bio Co.,Ltd. 2019-07-24 126,000 Yeosu Jeonnam pEEUN g AEuE g uogbr e R E e =
T =21 =1 HoT=aUY =} =10 SCd oo
lo 2019-03-28 475,200 Ulju Ulsan L .
KOMIPO (2 t6 may 75 MW) va Southern
KG ETS Co.,Ltd. 2019-04-04 210,000 Siheung, Gyeonggi Power (2 t6 méy 100 MW) danh cho nhién
VN 7 fo) ~ 7
KRP & E Co..Ltd. 2019-04-12 226,800 Seongnam, liu chay 100%. East-West Power (3 toomay
Gyeonggi 400 MW) danh cho nhién liéu chay 80%
N&ng luc sdn xuat hang ndm khoang 2,14 triéu kL. dugc dot phoi hop. 9



Current status: Bioalcohols (Under research, to be imported)

Research on biomass to sugars K]ST

- Saccharification of lignocellulose (wood, grass [1 sugars: glucose, xylose, B
etc.)

- Fermentation of sugars to ethanol/butanol

- Pilot plants for the production of bioethanol & biobutanol

a CJ, GS Caltex — Carrying out research on the production of bioalcohol after pretreatment/saccharification
of woody/herbal biomass

— GS Caltex: 400 MT/yr demo plant.
— Unused sugars & lignin

- ¥ .‘r
# ¥

GS Caltex big'ﬁutano demo plént

* Difficulties in domestic production due to difficulties in securing low-cost raw materials [
Transition to development of high value-added chemical production technology other than fuel
* Currently attempting to use the US bioethanol




Hién trang: Con sinh hoc (hién dang nghién cu, sé nhap khau)

Nghién citu chuyén sinh khéi thanh dudng K]ST
Pudng hoa lignocellulose (gd, cd [ dudng: glucose, xylose, v.v.) R

- Lén men dudng thanh ethanol/butanol

- Nha may thi diém san xuat ethanol sinh hoc & butanol sinh hoc

0 CJ, GS Caltex — Nghién clru san xuat coén sinh hoc sau tién xt ly/dudng héa sinh khdi go/thdo dugc
— GS Caltex: Nha may thi diém 400 triéu tan/nam.
— Khoéng su dung dudong & lignin

Nha may’thi.g
hoc cua GS Caltex

* Kho khan trong san xuét trong nudc do khé dam bao ngudn nguyén liéu thé chi phi thap
Chuyén déi sang phat trién cong nghé san xuat hda chat co gia tri gia tang cao ngoai nhién liéu
* Hién dang thi nghiém véi ethanol sinh hoc cia My °




Current status: Bioalcohol to Jet (Under research)

~Sop——>~

bioethanol — bioethylene

QErvETEE— l

-

COLUMN| i
e

40UT_1

COMPRESSION
AND CONDENSATION

]Vu;m —> —

plant: bioethanol
dehydration

data

plant: steam cracking

simulation: bioethanol
dehydration

Kl

Kores Institute of
Science and Technology

» n/i-paraffins

company  location  yield (tons/year) . . .
Fomoss <00 - Possible to produce bioethylene in
NChemics Canada 29 10° regions where low-cost ethanol can be
P Saudi 22 % 10° H
A b produced, such as Brazil.
Buoron Usa 13 % 10° . . .
o °% """ - Ethylene can be produced in high yield
b . by dehydration of ethanol.
Braskem Brazil 2.0 % 10°
India .
Glycols India <17 x 10°
Ltd.
Solvay Brazil 6.0 x 10*
fﬁ:;g’)j ACS Sustainable Chem. Eng. 2019, 7, 13333.

bioethanol — aviation fuels (paraffins)

Ethanol
Fermentation

Process To Dryer

Rectification

Molecular Sieves

ik

100%
Ethanol

Process Heat
A

Heat
Exchangers

Catalytic Reactor

weseseeneeass 40% wt Ethanol (current study)

Water

Decanter

Fungible
Fuel
Blend-
stocks

- 30%

5 Hydrocarbon | % Liquid
'g- « 259 Type Product
= _‘g_’ B Aromatics =~ 56.8%
2 8 20% W Aliphatics  30.2%
1 = BOlefins  13.0%
= £ 15%1

E ® ® =)

o [} 2

8 e e 2 10%

o -

5 g

8 Methane g

5 P & 5%

o

kel Ethylene

>

=

70 1 2 3 4 5 6 7 8 9 10 N
Carbon Number in Liquid Product

12 13 14 15

30
Hours on Stream

40
Production of diesel/jet fuel, aromatics, etc. from aqueous ethanol

Hannon, J. R. et al. Proc. Natl. Acad. Sci. USA 2020, 117, 12576. (US ORNL) ¢



Hién trang: “Bioalcohol to Jet” (Con sinh hoc dén may bay

ohan luc) (hién dang nghién clu)
S NoH—— > n/i-paraffins KST

Kores Institute of
Seience and Technulogy

Ethanol sinh hoc — bioethylene

RS l ‘ &= | data company  location  yield (tons/year) R
50UT_1 iy 7 ~ > ~ . >
. CXX] B et e e, 2o - CO thé san xuat ethylene sinh hoc ©
| o, 5 ~ . s . ;s ~
{ 1 NPREN = N NChemicas Comads 290 nhirng nai c6 chi phi san xuat ethanol
- & 40UT_1 [ ;V‘_ 11 plant: steam cracking ~ APC Sﬂbh 22 % 10° thé’p n h u B razi I
@ULIGNG T Exxon UsA 13 10° , 2 . > ~,
, { ] S € thé san xuat Ethylene nang suat cao
DuPont ) ) & 4 > 4
ﬂ;;:t:z:zz;: e . bang cach khu nudc ethanol.
. Braskem Brazil 2.0 x 10°
BO]’—\LH plant: bioethanol .
TUCTHOL % dehydration India i .
Glycols India <17 x 10°
L0 PHAN UNG Led.
Solvay Brazil 6.0 x 10*

%J st bt 20ew0 ACS Sustainable Chem. Eng. 2019, 7, 13333.

i 18x 107

Ethanol sinh hoc — Nhién li éu hang khong (paraffins)

’_\1 00% | : 30% Loai % san
Qua trinh o Ag 9 ! Total Ct ! Tiydroatd phim thé
T Chuyén dén ; 90% [P ® H ! § _— ydrocarbon Jong
Ethanol ~ M4y 52y Thap chinh hm 7 80% ¢ ° o ®-e 5 B Aromatics  56.8%
40'J Ethanol S 70% ! i :;20%_ B Aliphatics ~ 30.2%
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: = 1 1
: E o ¢« ® 0o ® e Y E
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: Nhién & i Ethylene 2 ]
e s b Z 0% 0%
) s ; ligugde 2 O G o Y o =0 R 70 1zo3 45 67 08 h,9 10 1112 13 e 1S
BQ trao Lo phén 1'1'11g xiic tic co thé Thei gian vin hanh (gio) 0 carbon trong san pham the long
doi nhiét Y

San xuat nhién liéu diesel/may bay phan luc, chat thom, v.v. ti
R thing ethanol nudc
Y Hannon, J. R. et al. Proc. Natl. Acad. Sci. USA 2020, 777, 12576. (US ORNL) 9



Current status: Bioalcohol to Jet (Under research)

Trying to commercialize by ORNL K]ST

Kores Imstitute of

Vertimass licenses ORNL ethanol-to-hydrocarbon conversion Prometheus Fuels licenses ene rgy- savin g

technology; overcoming the blend wall with drop-in fuels ORNL ethanol-to-jet-fuel process
2014.03.07. 2020.09.15.

Table 1. Estimated operating plus annualized capital costs of fungible blendstocks made by CADO of ethanol produced from several  Table 2. GHG emissions for production of jet fuel by application of CADO to ethanol made from starch, sugar, cane cellulosic material,

biomass sources and corn stover and by conventional production from petroleum
Technological Ethanol selling EtOH—jet fuel From ethanol From petroleum
maturity price ($1)*," conversion MBSP ($/L)
Emission (gCO, e/MJ of fungible blendstock)
Est 40%
Prices EtOH prices From ethanol® From petroleum’ Conversion Feedstock production Catalytic conversion
Est 40%  Yield Ethanol feedstock technology and ethanol conversion of ethanol Jet fuel use WTWa* PTWa WTWa
Ethanol Ethanol Ethanol -» 5yand 5y and EtOH (L blend/ Cost @ Projected " "
feedstock production blendstock (current) Projected  (current)  projected L EtOH) (§/L blend)* @ Market price $60/bbl  $100/bbl First generation 732 87.3
Corn starch® Current 455 6.7 0.2 524
First generation 0.48 0.80 —40.0%
Corn Current Current 046(031) —— 0429 (0.279) —— 0.487 0.065 0.95 (0.64) —_— Cane sugar® Current 23.8 3.2 0.2 27.2
starch —-68.8%
Projected 0.46 (0.31) 0.429 (0.279) 0.548 0.047 0.83 (0.56) Second generation
Cane Current Current 056 (0.41) 0.529 (0.379) 0.487 0.065 1.15 (0.84) Cane cellulosic*® Current 14.5 3.2 0.2 179
juice -795%
Projected  0.56 (0.41) 0.529 (0.379) 0.548 0.047 1.01 (0.7} Cane cellulosic™® Projected 13.9 32 0.2 173
Second generation -80.2%
Cane Current Current _— 0.53 —_ 0.499 0.487 0.065 —_ 1.09 Corn stover? Current 23.2 3.2 0.2 26.6
cellulosic  Projected  Projected 0.45 0.419 0.548 0.047 0.81 —69.5%
Corn Current Current 0.86 0.829 0.487 0.065 1.77 Corn stover? Projected 0.13 3.2 0.2 353
stover Projected  Projected 0.41 0.379 0.548 0.047 0.74 —96.0%
Economically feasible Reducing CO,

Hannon, J. R. et al. Proc. Natl. Acad. Sci. USA 2020, 117, 12576. (US ORNL)
Pilot plant in Korea (LT Metal+KRICT+Hanyang Univ.+Kunsan Univ.+Ajou Univ.)

. 400 —_— 1 -
Ethanol dehydration = w
ﬂ =~
¥
EtOH Z O:. -1.2
DowthermA_in dehydration @ 300 - o SMR
reactor =] w (Reference case)
5 S = . = WEW
Feed preheater_in & pronetoront S———_ o = 14 4
E101 102 = s 5
- — £ 200 | “a
DowthermA_out Q_dehydration B &
reactor ®
£101_Shellout E Market price: 120.25 $/bbl (2021 §
- |E . p====ssspcccccccccccccccccnaa- ~
Ethylene recovery % E 100 + S
L o o Feed_oligomerization ligomerization Hydogen K c Referencecase: 119.35/bbl when the - E
cw_E-—{103_xn )—cw_EmJ_ou( comp comp_2nd P T i bioethanol price is 0.53 $/L (US Grains Council®) |E + WEN
=" AE104 Hydrogenation
P A wicur |- comp_2nd T P e algomer 0 ' ‘ : 2 ‘ : :
ca= | ctaa L S Qomp_tst  Q_comp_znd valve V190 olgomer ooy ot ° 0.5 1 15 2 0 5 10 15 20
v _E104¢ oy " s
Jet . .
L - EtOH+H20 Q_oligomerization_reactor Q_hydrogenation_reactor fuel Bioethanol price [5/'-] CO, emission of hydrogen production [kg COZ/kg Hz]
to5ep RebQ _,
wastewater_2 . . .
DC_cryo
ceoomin P Oligumerizstin, Hydvoganstion Economically feasible Reducing CO,
Wastewater_1

Park, H. et al, ACS Sustainable Chem. Eng. 2022, 10, 12016. ¢



Hién trang: “Bioalcohol to Jet” (hien dang nghiéen cuu)

No luc thuong mai héa cua ORNL K]ST

Kores Institute of
e and Technology

Vertimass licenses ORNL ethanol-to-hydrocarbon conversion Prometheus Fuels licenses ene rgy- savin g

technology; overcoming the blend wall with drop-in fuels ORNL ethanol-to-jet-fuel process
2014.03.07. 2020.09.15.

Table 1. Estimated operating plus annualized capital costs of fungible blendstocks made by CADO of ethanol produced from several  Table 2. GHG emissions for production of jet fuel by application of CADO to ethanol made from starch, sugar, cane cellulosic material,

biomass sources and corn stover and by conventional production from petroleum
Technological Ethanol selling EtOH—jet fuel From ethanol From petroleum
maturity price ($1)*," conversion MBSP ($/L)
Emission (gCO, e/MJ of fungible blendstock)
Est 40%
Prices EtOH prices From ethanol® From petroleum’ Conversion Feedstock production Catalytic conversion
Est 40%  Yield Ethanol feedstock technology and ethanol conversion of ethanol Jet fuel use WTWa* PTWa WTWa
Ethanol Ethanol Ethanol -» 5yand 5y and EtOH (L blend/ Cost @ Projected " "
feedstock production blendstock (current) Projected  (current)  projected L EtOH) (§/L blend)* @ Market price $60/bbl  $100/bbl First generation 732 87.3
Corn starch® Current 455 6.7 0.2 524
First generation 0.48 0.80 —40.0%
Corn Current Current 046(031) —— 0429 (0.279) —— 0.487 0.065 0.95 (0.64) —_— Cane sugar® Current 23.8 3.2 0.2 27.2
starch —-68.8%
Projected 0.46 (0.31) 0.429 (0.279) 0.548 0.047 0.83 (0.56) Second generation
Cane Current Current 056 (0.41) 0.529 (0.379) 0.487 0.065 1.15 (0.84) Cane cellulosic*® Current 14.5 3.2 0.2 179
juice -795%
Projected 0.56 (0.41) 0.529 (0.379) 0.548 0.047 1.01 (0.74) Cane cellulosict® Projected 139 3.2 0.2 173
Second generation -80.2%
Cane Current Current —_ 0.53 —_— 0.499 0.487 0.065 —_— 1.09 Corn stover?! Current 23.2 3.2 0.2 26.6
cellulosic  Projected  Projected 0.45 0.419 0.548 0.047 0.81 —69.5%
Corn Current Current 0.86 0.829 0.487 0.065 177 Corn stover! Projected 0.13 3.2 0.2 353
stover Projected  Projected 0.41 0.379 0.548 0.047 0.74 —96.0%

Kha thi vé mat kinh té Giam CO,
Hannon, J. R. et al. Proc. Natl. Acad. Sci. USA 2020, 71717, 12576. (US ORNL)
Nha may thi diém & Han Quéc (LT Metal+KRICT +Pai hoc Hanyang+Pai hoc Kunsan+Dai hoc Ajou)

. 400 —_— 1 -
Ethanol dehydration = w
£ =
= g
& S 12
EtOH = s
DowthermA_in dehydration o 300 - 8 SMR
gl o oo (Reference case)
5 S = = » WEW
Feed preheater_in & pronesteront S— Reactor_out o T 14 4
E101 102 w 5
- o, £ 200 | 2
DowthermA_out Q_dehydration = &
reactor
E101_Shell_out 2 Market price: 120.25 $/bbl (2021)° E
- E  pesssssssicccccccccccccccccnaan ~
Ethylene recovery % E 100 + S
E103 © o Feed_oligomerization igomerization Hydrogen * 't Referencecase: 119.35 5/bbl when the ) ]
cw_%LT{)T_E‘-&_M comp comp_2nd oS s bioethanol price is 0.53 $/L (US Grains Council*) E » WEN
=" AEt04 Hydrogenation
5 [ i Comp_2nd T e e oigomer 0 ' ‘ ‘ 2 ‘ : :
¥ Molecul - 100 -
C aaa Sieve " Qcomp_tst  Q_comp_2nd vaive VY100 olgomer ot ot 0 05 1 15 2 0 5 10 15 2
o - Jet i i . -
L - EtOH+H20 Q_oligomerization_reactor Q_hydrogenation_reactor ~fuel Bioethanol price [5/'-] CO, emission of hydrogen production [kg COZ/kg H,]
to5ep RebQ _,
wastewater_2 > PN o . ~ .
DC_cryo
i Oligomerization, Hydrogenation Kha thi vé mat kinh té Giam CO,
Wastewater_1

Park, H. et al, ACS Sustainable Chem. Eng. 2022, 10, 12016. 1



Current status: Syn gas (Under research)

Institute
ML IZHX &

Research project

Dry base 20 £/ 2 & XMEIZ 247}
A AL E9HHEO| QA ThA DL

XX SEAIAE N E T AHDH, RTINK| L Of

@O A X|0]0f| L K|
8 MWthga &8 ZZ& A HiO
JtAB 7| e A

QOfA

ol

KITECH, & Al|CH)

(KIER, M= Al BILH, oHE L,

(HOflo[X|ot0], O 2letE,
KIER, 8 7 Of| ZHOf &

Date Fund
2012.10.01-
3 2015.09.30 SRR e
S)
2019.07.01- 1
2022.09.30 e

Result

Syn gas (CO + H,) |:> Hydrogen, methanol, paraffins

Svyngas conversion high value-added production technology

Product
Hydrogen (H,)

Reactant
CO+H,O [ I CO,+H,

Synthetic natural
gas (SNG, CH,)

CO +3H, CH,+H,0
CO,+4H, | CH,+2H,0

Methanol CO +2H, ] CH;0OH
DME ((CH;),0) 3CO + 3H, 1 CH;0OCH; + CO,
CO+2H, 1 CH;0H
2CH;0OH 1 CH40CH; + H,O
Paraffins CO+H, (CH,),+H,0

(gasoline, diesel)

Process
A7t AT0|HE-S (water-gas
shift reaction)

o Et3} (Methanation)
- Ni 0

- Cu/Zn/Al EE& Cr,0, Z0i

- HIO|OijA JtA D HEE2
DME 4t ™ CO/H, =10 &
I—l

U

Fisher-Tropsch

Research institute
KIST, KIER, KRICT, KITECH

EIATRIST, DS7|=91 Y,
KIER

KIER, KRICT, KIST, 1 57|=
A&l

SHZ A ZAL KRICT, 257|&
a1

KIER, KRICT, KIST



Hién trang: Khi tong hop (hién dang nghién ciru)

Dw an nghién curu Tén vién nghién ctru Thoi gian Ngan sach Két qua ;I_
X , « R ~ X
Dry,ba’se 2_0 tan /A_Ph‘at ’Erlen hé tI:\ong Samyang.Eco—EneArygy. Co.,Ltd. Khihoa 20 tdn / ngay, xac
khi hoa sinh khoi va stir dung nang (KIER, Paihoc Quoc gia Seoul, 2012.10.01- 5 74 19 KRW minh hé théne san xuit
lwong phirc tap dé san xuét khi téng Paihoc Hankyong, Paihoc 2015.09.30 e ‘1 dri
hop hicin thap hang nhat Gunsan, Ky thuat RTI) y
SGE Energy Co.,Ltd.
Phat trién va thuc nghiém may khihoéa (Bgﬁ’ehfglirioggfsx%ﬁég& 2019.07.01- o o ou, He théng khihéa quymo
sinh khdigd thuong mai 8 MWth g {Konsei)’ : 2022.09.30 aely thidiém
thi tong hgp :> Hydrogen, methanol, paraffins

(CO + H,)

Conqg nghé chuyén doi khi tong hap cé gia tri gia tdng cao

San phdm
Hydrogen (H,)
Khi thién nhién
tdng hop (SNG,
CH,)

Methanol

DME ((CHj;),0)

Paraffins (xang,
diesel)

Chét phan &ng
CO+H,0 [ 11 CO,+H,

CO +3H, CH,+H,0
CO,+4H, | CH,+2H,0

CO +2H, ] CH,OH

3CO +3H, CH,OCH, + CO,
CO +2H, ] CH,OH
2CH,OH [I CH,OCH, + H,0

CO+H, 0 (CH,), +H,0

Qua trinh

phan trng dich chuyén nuwéc-
khi

(Methane hoa)
- Chét xuc tac Ni

- Chét xuc tac Cu/Zn/Al EE=
Cr,04

- HO| 2O A TtA D W EE2
DME ‘44 |8 CO/M, = 10| &

~
S|

Phan &rng Fisher-Tropsch

Vién nghién ctru
KIST, KIER, KRICT, KITECH

POSCO-RIST, Vién Céng nghé
Tién tién, KIER

KIER, KRICT, KIST, Vién Cong
nghé Tién tién

Tap doan khi dét Han Quéc,
KRICT, Vién Cong nghé Tién
tien

KIER, KRICT, KIST



Current status: Pyrolysis oil (Under research)

‘ 1 T .—«.__‘.
r ‘"*‘ % 24| 500-600 ? A -

Z23f > 700 °C
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Company: Daekyung ESCO (www.krico.co.kr)

Upgrading to fuels: KIST, KIER

Ou

Biomass

}
Chopper

Cyclone

Pyrolysis
Vapors
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: Bio—oil

Non-Condensable

)

Dryer . Hotsand
Moisture = -. %/ CFB 1
Grinder Reactor Combustor Excess char
Steam l
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Seam Fluidizing Heat
g Exchanger

Daekyung ESCO process

Stabilization

@

-

jul=

i

Hydroprocessing
e —

Pilot plants of Daekyung ESCO K



http://www.krico.co.kr/

Hién trang: Dau nhiét phan (hién dang nghién ctru)

Khi — carbon

monoxide (CO2),
carbon dioxide Nhién liéu diesel (bdng phan

(CO2) — trng hoa hoc xuc tac), khi hydro
|

Nha may thi nghiém cuaa Daekyung ESCO KST

Kores Istitute of

Z23f > 700 °C

(bang phan &ng hoa hoc xuc tac)
Dau phat dién, dau swai, nhién liéu
%23 500-600 °C » Chét long - Dau —_— thay thé dau mé (xang, dau diesel,
—/ nhiét phan dau hang khéng) Nguyén liéu nganh
héa dau

o3| <4DD°C/ R&n — than, MmOt sy ' Nhién li¢u phat

ncra than dién va swéi Am

Cong ty: Daekyung ESCO (www.krico.co.kr)
Nang cap thanh nhién liéu: KIST, KIER

T Lam n dinh
phin du sinh ho
F Lam lanh

Sinh khoi

1 - Khi khéng
- — m— ngwng tu
Bé ludi cat - ]
oy o ey [
- [N
Hoi Am L G ang sdi Y " 1 . = = =
i 5 E £ Bubng dot Than dir thira Qua'trinh
st = | - Hydroprocessing
R Chit xuc tic |
Hoi nwée | oy NOx
Paonoa Haa long BS traoc d5i | "
i " nhigt =) -

Qua trinh cua Daekyung ESCO



http://www.krico.co.kr/

Current status: Biogas (Commercial)

Hea Electrici
) K
H Livestock Waste & = Fa Science and Technology

- Blogas - Biomethane -

Anaerobic — A

-'i- Digester
- « Fertilizer
5 i - Digestate — * Soil

Water R Gas Grid
* Livestock
bedding
Food Waste
110 biogas production locations nationwide (2019) O A4 - 28R : 3620w Ak, 3029RSME 0 8(83.2%)
O MA4F : 1951985 do=, 199 2220588 D] 277631 7 < A= ulo] @7k kol g >
. (9] : Am/d, %)
< M)A 3 2k >
hee A (9l : FEMD) CEE .
== A A AbEE 8oy o2 ]

7E A SN2 | JEER | orean | B @ B | B |y e R T AERE)
2016 18,949 1,036 m 9,881 7921 So16 | 304293 | 240557 | 53199 | 59533 | 115,153 | 12651 | 63,736
2017 23,421 1,218 152 12,150 9,901 (100) | (79.) | (175 | (196) | (37.8) 4.2) (20.9)
321,062 | 268,027 | 55839 | 86,629 | 111,585 | 13,975 | 53,035

2018 23,787 1,140 126 7,165 15,356 Bl 00 | w35 | o | cro | cis " 165
2019 22,295 1,138 120 7,026 14,010 5018 | 353709 | 285530 [ 62209 | 97,669 | 94835 | 30817 68,179
2020 19,518 1,258 105 6,906 11,249 (100) | @®0.0 | (176) | (276) | (%68) | 67 | (193)
! : : . 5019 | 351163 | 293,153 | 65023 | 89,766 | 105610 | 32,754 58,011

(100) (83.5) (18.5) (25.6) (30.1) 9.3) (16.5)

2020 | 362326 | 301612 | 49854 | 100,125 | 113638 | 37,995 | 60,714

(100) (83.2) (13.8) (27.6) (31.4) (10.5) (16.8)

*ZL| HIO| @ 7}A 222k 321610tm3 = 249HE
*ZL| EA|ZFA 352 20198 235267378tm3 = 18570HE
*ZL| MAUTFANG) +=8: 20214 41690HE

2020 F F7|1/dH X}l HO|QItADIAIL o, 24 E

O =



Hién trang: Khi sinh hoc (Thuong mai)

Kl

Kores Imstitute of

Chét thai Science and Technology
chan nubi Nhién liéu

Cay

trong o =0

m—p Kiisnh @ o hoc

R Lo phan et ‘
i hay ky khi ——
- Phén b
4 m ) phin WD chatchi

-8 16t gia dan gas
H@IT—I

Chét thai

thuc pham
110 dia diém san xuat khi sinh hoc trén toan qué'c [  Sanxuét St dung: 362 triéu Sm3 dudc san xudt, 302 triéu Sm3 da st dung (83.2%)
(201 9) San xuét, tiéu thu khi sinh hoc theo nam.

Ban vi: ngan m3/nam, %
Lugng str dung i’

[0 Hiéu suat ché bién: 19.519.000 tdn/nam, giam 2.776.000 tan so v&i nam Nam [ s ] T Luong
trudc (22.295.000 tdn/nam trong 2019) didu San Téng e oing | Chuast
reE= e Don vi: ngan tan/ndm tra Iugng phu  Phatdién P et sng dung
T - T O e S = 304,293 | 240,557 | 53,199 5195 | e 63,736
Phén Loai Téng Thtc pham T Gl el el | Tich hop 2016 | “o0) | 791y | a7s) | (96 (337483)) “.2) (20.9)
2016 18949 1036 111 9881 7921 2017 | 321,062 | 268027 | 55839 | 86629 | 111,585 [ 13975 | 53035
: - . . (100) | (835 | (174 | (7.0) | (348 | (44 (16.5)
2017 23421 1,218 152 12,150 9,901 2018 | 353709 | 285530 | 62209 | 97,669 | 94835 | 30817 | 68179
2018 23,787 1,140 126 7,165 15,356 (100) (80.7) (17.6) (27.6) (26.8) 8.7) (19.3)
351,163 | 293,153 | 65023 | 89,766 | 105610 | 32,754 | 58,011
2019 22,295 1,138 120 7,026 14,010 2019 (100) 835) (18.5) 25.6) (30.1) ©93) (16.5)
2020 19,518 1,258 105 6,906 11,249 2020 | 362326 | 301612 | 49854 | 100,125 | 113638 | 37,995 | 60714
(1000 | (832 | (13.8) | (276) | (314 | (105) (16.8)

*Su dung khi sinh hoc trong nudc: 301,61 trieu m3 = 240.000 tan
*Nguon cung khi thanh phé néi dia: 23.567,37 triéu m3 = 18,57
triéu tan ndm 2019

* Nhu cau khi dét tu nhién trong nudc (LNG): 41,69 triéu tan vao
nam 2021

2020 Tinh trang cac cd sa khi hda sinh hoc tai nguyén chat thai hitu cg, B6 Mai trudng



Current status: Biogas (Commercial)

Production of hydrogen from biogas

Steam-Methane Reforming Reaction

CH, + H,0O (+heat) — CO + 3H,

Water-Gas Shift Reaction

CO + H,0 — CO, + H, (+small amount of heat)
Dry Reforming of Methane

CH, + CO, — 2CO + 2H,

SF HO|+28F8 ST (2022 ~):
Direct production of hydrogen from biogas

Daughter
Station

K

Al £2DHSE AI-AIY (2021~20254)
Storage/transfer after hydrogen production

v U027~ TIHY M| (25000N/2 014
HIOI2 A 22 $ATNHD MH] (42 355/2 014)
X, 012, SUHAH| (=4 355/ 014) .
40/ 01O ALl 1K
orxyziol

On-Site 283

HFE 2702 AHAY (2021~2024H):
Goal of power generation project using fuel
cell after hydrogen production

HIO|QILA 28 Hg 22|

R B B e e L

HFA Y 2lA0IZ8UH



Hién trang: Khi sinh hoc (Thuong mai)

San xuat hydro tu khi sinh hoc

Phan irng reforming hoi nudc-Methane
CH, + H,O (+nhiét) - CO + 3H,

Phan irng dich chuyén nuéc-khi

CO + H,0 - CO, + H, (+lugng nhiét nho)
Phan irng reforming khé methane

CH, + CO, = 2CO + 2H,

Tram sac phirc hgp Biohydrogen Chungju (tir nam 2022 ~)
San xuat hydro truc tiép tur khi sinh hoc

Xe I:;u;';t -I:I.yc-iro

L- +

-5
Xe tai Hydro

Tram sac Gemi
Goisan

q Daughter -
a @ Biometan © | - Station |
> \Tram sac t& !

Khi sinh hoc thitc an thira P

Daughter
Station

Tram sac Yeonsu Xe hai Hydro

Chungju

Xe tai Hydro

Khi sinh hoc thic an thira

K

Du an thi diém héa ran hydro TP.Changwon (202T~2025):
Luu trir/van chuyén sau khi san xuat hydro

v U027~ TIHY M| (25000N/2 014
L HI0|271A 28 $AINHO M) (54 355/2 014)
ATE, 012, 2UHH] (+4 355/8) 014) .
40/ 01O ALl 1K
; orxyziol

On-Site 283

Du an thi diém dinh hinh Hydro & Jeonju (2021~2024):
Muc tiéu cua du an phat dién st dung pin nhién liéu sau khi
san xuat hydro

So d6 quy trinh cong nghé hé
théng phat dién pin nhién
liéu st dung khi sinh hoc

] Bom chuyén khi

Trung tdm tai ché Jeonju

May téi dinh hinh



Current status: Bio-aviation fuels (Under research)

IAE (iae.re.kr) K] T
R S HOI2YES HE e O

Hydrotreating Hydrotreating
'l i, { =0 B { ELEETH) ot
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- P i !

e

Producing fuel alternative
to diesel/aircraft oil from
waste cooking oil (Bench)

Catalysis

= Joolid <, |
BEN S “ED%°“ q&ﬁfﬁ Naphthenes, Aromatics
Q/rolysis oiloj@vv@/ / ap enes, Aromatics

Lignocellulose pyrolysis oil 1 Naphthenes+Aromatics+Paraffins 1




Hién trang: Nhiéen lieu hang khong sinh hoc

nghién clu)

IAE (iae.re.kr) ]
L 1) Hol22 S HE 2 m:m!é ST

Hydrstraating Hydrotreating
'l o { =0 BB { EL LT L

. o | . — ;
=t 1
= B 1 !

sy

San xuat nhién liéu thay
thé cho dau diesel/may
bay tUr dau an thai (Bench)

e
Dau thai s

Tinh loc Xuc tac

HO-
OH
=

\[ﬁ:hgl:ét I mﬁ' D%OH ngﬁfﬁg Naphthenes, Chat thom

Dau nhiét phan Lignocellulose [1  Naphthenes+Chat thom+Paraffins 1



Current status: Bio-aviation fuels (Under research)

Kores Institute of .,
Science and Technology

OH
HO\)\/OH

Glycerol

O.
/\[ 1 | Biodeisel 0
(6] (©)
(0]

m SO
O
H3C

FAME (Fatty acid methyl ester, commercial biodiesel)

Lipid
triglyceride
(trigly ) Hydrotreating

& Isomerization

/\/\/\/\/\/\/\)\

n/i-paraffins (C16-24) — Diesel, aviation fuels

In Korea: SK Innovation (Demo), IAE (Pilot), KIST, KIER
Others: Neste (Finland), ENI (ltaly), SkyNRG (Netherlands), Total (France), etc.



Hién trang: Nhién li€éu hang khong sinh hoc (hién

dang nghién ctru)

OH
—>
Glycerol

QO
/\[ 1 | Diesel 0
O O
O

)\/m ki _>V\/\/\/M\/\)J\o/

FAME (Fatty acid methyl ester (hon hop methyl este

Lipid acid béo), dau diesel sinh hoc thucng mai)
(triglyceride) PR
Qua trinh
hydrotreating
& Pong phan

/\/\/\/Ii'a/\/\/\)\

n/i-paraffins (C16-24) — Diesel, nhién liéu
hang khong

O Han Quéc: SK Innovation (Demo), IAE (Pilot), KIST, KIER
Cac nudc khac: Neste (Phan Lan), ENI (Y), SkyNRG (Ha Lan), Total (Phap), v.v.
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a RPS (Renewable Portfolio Standard) I X} 0f| 4 X] &
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a2 RFS (Renewable Fuel Standard) XMz =

2 RHO (Renewable Heat Obligation) €0|L{X| 32 °|&3} H =



Hé thong khuyén khich cung cap ning luong tai tao trong nudc

S& dung ngudn cung hang nam X Ty |é nghia vu = Hoan o
thanh nghia vu hang nam

RPS
Linh vwc phat

dién
Co hiéu lwc ttr

nam 2012 (T

Déi tuong Chinh

Pé trinh thwc hién

RFS “L‘I’lﬂﬂ RHO

Giao thong \@im - nghia vu
van tai LIRS
C6 hiéu lwc tir nhigt - Chat ran: dam g0, vién nén go, v.v.

AL Ll Dang giot - Chét 16ng: dau diesel sinh hoc, ethanol

sinh hoc, v.v.
< @Gas: Khi sinh hoc, v.v.

2015 thiéu, kiém tra

O RPS(Renewable Portfolio Standard)Hé théng nghia vu cung cap nang lweng tai tao
O RFS(Renewable Fuel Standard) Hé thong phoi trdn nhién liéu tai tao bat budc

O RHO(Renewable Heat Obligation) Hé thong cung cap nang lweng nhiét bat budc
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(Biodiesel) MO AKOIZE HBA[ZI 2
2 E% (Woodchip) SHE HEYR U O MAS 2HOR R A SRz
MEE () HIO| @ IHA S ZIMols0] QHAfAI7 DHE M =
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(Biomass-Solid Refuse \83i0) B3 S5 7120 Mol HED 1HeE A
Fuel)
HIO|2 58 SAI2M QX2 SIS T ofEH2T} BRSAF THE HO|Q SR
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Phan loai nang lugng sinh hoc trong nuéce

T T S

Mét loai khi 1a hdn hop metan va carbon dioxide dwoc tao ra tw sinh khéi bdng qué trinh
tiéu hoa ky khi (metan dwoc phan lap twr khi hén hep nay dwoc goi la khi biomethane;
cac dang khi sinh hoc khac dwoc tao ra tw nhién twr khi 4, khi dat ngap nwéc, chéat thai,
V.V, va mot sé khi dwoc tao ra)

Khi sinh hoc
(Biogas)

Khi chén lap
(LFG: Land Fill Gas)

Dau diesel sinh hoc
(Biodiesel)

Dam g6 (Woodchip)
Than duac (K x)
Nhién liéu rirng
Vién nén go

(Wood pellet)

GO thai

Rwou den (Black liquor)

Bun thai nhién liéu ran
Bio-SRF
(Biomass-Solid Refuse
Fuel)

Dau nang sinh hoc

(An ban nam 2U10)

pé cap dén khi dwoc tao ra bdi sw phan hdy chét hiru co bang qua trinh phan hay ky khi
gitra cac bai chon 1ap chéat thai, va cac thanh phan cta n6 cha yéu bao gdbm metan (CH4;
40-60%) va carbon dioxide (CO2; 30-50%).

Céc thanh phan dau khac nhau (chat béo, lipid) hién c6 trong tw nhién dwoc chuyén doi
thanh nhién liéu 1dng goc dau mé thong qua x& ly vat ly va héa hoc (qua trinh ester)

G& cat nhd véi muc dich san xuat nguyén liéu thd va san xuét nhién liéu
Nhién liéu rén dwoc tao ra bang cach tich hop va ép sinh khéi
Than den, than trang, cti, 14 dat dung lam nhién liéu

MGt nhién liéu sinh hoc rén dwa trén g6 tiéu chuan hinh tru nhé duoc san xuét bang cach
duc nén g6, loai gé nay khong bi 6 nhiém béi cac chat c6 hai

*Phan loai t rac thai dén sinh hoc t nam 2011

Trong quy trinh sdn xuat bot gidy cia mot nha may bét gidy hoa hoc st dung dam gbé
lam nguyén liéu tho, soi trong goé dwoc san xuat dwdi dang bdt giay, va lignin con lai va
cac chat hiru co khac va hon hgp hda chat da qua s&¢ dung dwgc c6 dac lam nhién liéu.

Nhién liéu rén san xuat (sy kho) st dung bun thai

Céc san pham nhién liéu rdn dwoc sén xuat bang chéat thai rdn dé chay (gidy thai, chat
thai néng nghiép, gb thai, dw lwong rau, chat thai thdo dworc, v.v.) theo tiéu chuan phan
loai chat lwgng

Nhién liéu sinh hoc dwoc tao ra bang cach phan ng dau dong vat va thuc vat bang
metanol hoéc ethanol
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Kk
HFO| 2 7tA 91,184 107,430 139,370 142,937 108,734 95,000 98,123 91,740 96,281
OHRIX| 7k 124,220 116,073 97,497 79,918 75,804 71,133 77,036 65,179 75,518
Hjo| 2| 336,054 359916 369,081 387,699 441345 442,859 428,053 683,234 699,713
(=N =§J 163,022 164,542 168466 190,687 373,308 223392 122,443 140,232 226,865
‘gt 24,591 23,857 23,517 24,927 15,828 15,432 15,663 17,221 16,505
AMAZ 23,665 56,481 49,622 5,163 44,790 123,810 648298 674,167 131,073
SHEH 50,995 120,055 268,129 795215 823,763 817,172 1,099,049 1,486,488 1,543,390
| = x4 149,632 140,874 175,983 191,142 103,998 82,395 75,605 73,771 66,663
5N - 228337 229254 322304 231,008 228848 230,016 218902 205,286
St=E8X| 1d€A= - 17,159 37,574 41,477 78,484 77,843 100,749 114,451 102,061
Bio-SRF s - - 527270 208392 281,394 437,734 532,943 510,194
HIO| 25 & - - - 113,257 260,203 306,175 266,012 344,048 488,877

1,334,72  1,558,49 2,821,99 2,765,65 2,76545 3,598,78 4,442,377 4,162,42
4 2 6 7 3 2 6 7

Source: SFFOLH X EEF XA ZE MIYY oYL/ X M E EAHAE (2020)

A (THR: toe) 963,363



Hién trang cung cap ning luong sinh hoc tai Han Quoc

Khi sinh hoc 91,184 107,430 139,370 142,937 108,734 95,000 98,123 91,740 96,281

Khi chén lap 124,220 116,073 97,497 79,918 75,804 71,133 77,036 65,179 75,518

Dau diesel sinh hoc 336,054 359,916 369,081 387,699 441,345 442,859 428,053 683,234 699,713

Dam gé 163,022 164,542 168,466 190,687 373,308 223,392 122,443 140,232 226,865
Than duc 24,591 23,857 23,517 24,927 15,828 15,432 15,663 17,221 16,505
Nhién liéu rirng 23,665 56,481 49,622 5163 44,790 123,810 648,298 674,167 131,073
Vién nén goé 50,995 120,055 268,129 795,215 823,763 817,172 1,099,049 1,486,488 1,543,390
GO thai 149,632 140,874 175,983 191,142 103,998 82,395 75,605 73,771 66,663
Rwou den - 228,337 229,254 322,304 231,008 228,848 230,016 218,902 205,286

Bun thai nhién liéu
ran

17,159 37,574 41,477 78,484 77,843 100,749 114,451 102,061

Bio-SRF = = - 527,270 208,392 281,394 437,734 532,943 510,194

Dau nang sinh hoc = = 113,257 260,203 306,175 266,012 344,048 488,877

1,334,72  1,558,49 2,821,99 2,765,65 2,76545 3,598,78 4,442,377 4,162,42
4 2 6 7 3 2 6 7

Téng cdéng (Pon vi:

toe) 963,363

Nguon: Dién dan Kién thirc Co quan Nang luong Han Quoc Thong ké Trung tam Nang
lwong Maoiva Tdi tao (2020)
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Hién trang san xuat nhién li¢u sinh hoc trong nudc

Ti trong riéng theo loai K]ST

San xuat nhién liéu sinh hoc theo nam nhién liéu sinh hoc s T RS
(TOE)
2010 2015
5,000,000
4,500,000
4,000,000
3,500,000
3,000,000
i

N 1 SIn
2,500,000 Dau nang

) hoc  Khi chén )
2,000,000 sinh hoc o . Dau Diesel

. 2% lap
Bio-SRF 12% sinh hoc

1,500,000

2% /—

Bin thiR %

nhién liéu

17%
1,000,000

500,000 ran
S - 3% an duc
0 —— Ruwou d .
O O O O O O O 00 O O o o «o «o «od o o o o 0,
S &6 &6 &6 &6 6 &6 &6 &6 &6 O O O O o o o o o o 5%
o o o o (o] (o] o (o] (o] o o o o o (o] o (o] o (o] o~ oA on
ién liéu
B Khi sinh hoc ® Khi chén I3p m D3u Diesel sinh hoc Go thai rl]’ng
Dam gé m Than dac o Nhién liéu rirng 2% 39
(o]
m Vién nén gb B GO thai = Rwou den
B Bun thai nhién liéu rin W Bio-SRF B D3u ning sinh hoc Vién nén
go
37%
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Tinh trang thay thé nhién liéu héa thach hién tai ciia nhién liéu sinh hoc
chinh & Han Quoc

Nhién liéu sinh hoc

Dau nhe )4 [Déu diesel sinh hoc |» Pho bién nhigm vy ]

phéi hop

* R &D cha dau diesel sinh hoc hydro héa (giai doan tién thwong mai), dau diesel sinh hoc
microalgal, dau diesel BTL, v.v. trong qua trinh cung cap thwong mai

Xang D [ Con sinh hoc ]P Khéng

thwong mai

hoa

* Hoan thanh danh gia thwc nghiém (2008), R &D cha bioalcohols thé hé thi hai (biobutanol, cellulose-
based bioethanol, v.v.)

Khi thién nhién > [ Khi sinh hoc p Thwong mai héa tiv ]

nam 2012

* Cac nha may san xuat khi sinh hoc dang gia tang, co’ s& ha tang dang dwoc xay dwng

va mét sbé nhién liéu cho khi dét va giao thong van tai thanh phé dang dwoc cung ca
A o A o . Thwon
Dau nang (B-C) > | Dau nang sinh hoc P i héﬂ I

* Sau dw an cung cap thi diém, cung cap day du cho may phat dién dau nang
nang lwong ttr 15.03.2019

LPG )2 [ BioDME ]» Khéng thwong

mai hoéa

* PDang nghién ctru kha thi nhién liéu bioDME ap dung LPG va R&D
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- BD 20 A|HEZAFY (2002~2005) "
2002 ~ 2004 - SR °+*M04E§A1 BE, ETBE 2% 518 (2004)
- HHO|C| & A8 (2006.07)
2006 ~ 2008 - 20074 M1X} HIO| L SH7| EaA 2 2-HIFAZE RAPEA 2def (HA, BD 0.5%—2.0%)
- HIO| 20 Et2 HFE7t (2006~2008)
2009 ~ 2010 - MM AR O|2STHH| T (RFS, Renewable Fuel Standard) =L = Jgot o132
2011 - M2X} HIO| QL& F&7| EZA 2 &
—EW+EqﬁmmﬁjiﬂﬂWEEQLMMﬂunm%%ﬂHMQH@Z&%%EQEﬂA@
2012 ~ 2013 - RFS M= A 2ot =& A7 (2012.5~2013.3) % & 3 (2013.7.30, 2'F |/01)
- HIO| 20| EtS AIE'.*EE.L At Z=ZIgtor O 3 ('2013.5~12)
2014 -RFS M= SR EHE (A|HH, Al S A OrA 3 =-oxn
-UME HOIREF AIHEZALY AIZ (2014.1.1~2015.12.31)
2015 - RFS M= A& (2015.7.31)
-HME HIO|RFEQ AlHEZ 7|7 AT (2015.8.20) — 2014.1.1~2016.12.31

\

3.0%
_ NEE N A T Alof © .
AE 7|8 TN Rl Lo 2015.7.31
=3 Y 7= BEHEE) . : MOy EE, e ‘M S| L X[ RFS
XH|8, 12 S HO| LY MA|S T
\ 2007 2008 2009 2010 2011 2012 2013 2014 ~2017 ~202y




Tién bo trong viéc thuc day cung cap nhién liéu dau mo thay thé tai Han Quoc

Sang kién
- Dy &n cung cép thi diém BD 20 (2002~2005)
2002 ~ 2004 - Pwoc phép tron BE va ETBE lam nhién liéu xang (2004) /] T
N [N
- Dau diesel sinh hoc thwong mai (2006.07) o

2006 ~ 2008 - 2007 Ké hoach cung cép trung va dai han diesel sinh hoc lan th 1: Théa thuan tw nguyén gitva Chinh pht va cac
nha may loc dau (Mién thué, BD 0,5% —2,0%)
- Banh gia thywc nghiém ethanol sinh hoc (2006 ~ 2008)

2009 ~ 2010 - Nghién cru vé su ra doi cda Tiéu chuan nhién liéu tai tao (RFS) tai Han Quéc

- Thanh l1ap ké hoach cung cap dau diesel sinh hoc trung han dén dai han the 2
2011 - Sau khi két thuc mién thué, bt budc phai tron 2 ~ 5% dau diesel sinh hoc théng qua Théng bao chét lweng luat
Seokdae (2011.12.30) ttr nam 2012.
- Nghién cru xay dwng ké hoach van hanh chi tiét hé théng RFS (2012.5~2013.3) va ban hanh luat (2013.7.30, doi lai
2012 ~ 2013 2 nam) ' ' ’
- Nghién ctu lap ké hoach phan phdi thi diem ethanol sinh hoc ('2013.5~12)

2014 - Chuén bi luat phu thudc hé théng RFS (nghi dinh thuc thi, quy téc va théng bao thuc thi) va théng bao lap phap
- B4t dau thi diém dw an cung clp dau nang sinh hoc cho san xuéat dién (2014.1.1~2015.12.31)

- Hé théng RFS duorc trién’khai (2015.7.31) )
2015 - Gia han thoi gian cung cap th® nghiém dau nang sinh hoc cho san xuét dién (2015.8.20) — 2014.1.1 ~ 2016.12.31

Ké hoach phan phoi diesel sinh hoc va tién dé \

e ey DS ISED ISED 2D 2D BN B X

Mién thué [\IE T

Nghia vu tron theo Thong

Thanh phan co s& EXIEom béo Luat Seokdae

RFS

ngu én lidu thé Nghién ctru thwe nghiém
y : Dw an thi diém trong hat cai dau cho BD . 2015.7.31
Chatlwong & D b Luat Seokdae' Quan ly chat lwgng, phan ¥Pao luat nang lwong tai tad
Céng nghé chuan chat lwgng .

phoi

Phat trién cong nghé san xuét diesel sinh hoc chi phi thap, hiéu qua cao

\ 2007 2008 2009 2010 2011 2012 2013 2014  ~2017 ~202y




Current status: Bio-aviation fuels (Under research)
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Tinh trang hién tai: Nhién li¢u hang khong sinh hoc (Pang nghién ctru)

Chuyén bay dau tién ciia mot hang hang khong quoc gia voi
'nhién liéu sinh hoc' cé ngudn goc thyc vat

S0AIZH] 2017-11-11 11:14

Ky gia Kim Dong Gyu
7| A+ I|O[X]

Nhién liéu may bay phan Iwc pha trén véi nhién ligu sinh hoc 5%, chuyén bay 14 gi& tir Chicago
Chu y nhw mét nhién liéu than thién véi méi trweeng dé giam khi nha kinh... Dat gap 2-3 1an la van dé

First flight on Nov. 2017

(Seoul = Yonhap News) Phong vién Kim Dong-kyu = Lan dau tién, cac chuyén
bay chd khach sir dung "nhién liéu sinh hoc" dwoc chiét xuat tlr cac nha may
nhw ngd dwoc van hanh bdi hang hang khéng quéc gia.

Theo Korean Air va B D4t dai, Co s& ha tAng va Giao théng van tai vao ngay
11, chuyén bay KE038 (B777-300ER) clia Korean Air, c&t canh tlr San bay
Chicago & Hoa Ky vao ngay 8, bay trong 14 gi& va dén san bay Incheon Itc
4:30 chiéu ngay 9, s& dung nhién liéu hang khéng pha tron véi nhién liéu sinh
hoc.

Ty 1& pha trén nhién liéu 1a 95% déi véi dau may bay phan luc va 5% dbi voi
nhién liéu sinh hoc.

‘con duong bau troi carbon thap’ ... Nganh cong nghiép loc
dau tang téc do phat trién nhién liéu hang khéng than thién

voi méi trreong

Korean Air gi&i thiéu phién Iiéu’hén’g khéng than thién véi moi
trdng cho cac chuyén bay quoc té ... Giam 80% Iwgng khi
thai carbon

Korean Air |4 hdng hang khéng dau tién tai Han Quéc ra mat duwdng bay thudng
xuyén tlr Paris, Phap ~Incheon, v&i 'Nhién liéu Hang khéng Bén virng'- SAF).

Korean Air da ky Bién ban ghi nh¢ (MOU) véi Hyundai Oilbank vao nam ngoai dé
xay dwng co s& st dung nhién liéu hang khong sinh hoc va vao ngay 9 vira qua,
ho da ky "Théa thuan kinh doanh cung cép hydro va phat trién co s& ha tdng cho
nganh hang khéng va san bay"

[Hang khdng hém nay] Korean Air hop tac voi SK Energy dé chia sé cac chuyén
bay trung hoa carbon... Jeju Air quang ba vac xin Corona

Korean Air dang tich cwc tham gia vao Hé thdng bl d&p carbon hang khéng quéc
té (CORSIA) ctia T chirc Hang khong Dan dung Quéc té (ICAO) va lién tuc thay
thé d6i bay clia minh b&ng may bay than thién véi méi trwdng, hiéu qua cao. Gan
day, may bay Airbus A220-300 da duoc trang bi ddng co mé&i nhét, gidm khoang
25% Iweng khi thai carbon trén méi ghé so véi ciing loai. Nam 2017, 1an dAu tién
tai Han Quéc, cong ty da s dung nhién liéu hang khéng pha trén nhién liéu sinh
hoc dwoc chiét xuat tr cac nha may nhw ngd va hoat ddong gitka Chicago ~
Incheon, mé& dwdng cho viéc gidi thiéu nhién liéu sinh hoc. Vao thang 6 nam nay,
Hyundai Oilbank ciing da ky Bién ban ghi nh& (MOU) vé hop tac tao co s& san
xudt va str dung nhién liéu hang khong sinh hoc.

Mbi quan tam clia nganh cong nghiép dau mé la phat trién nhién liéu hang khéng sinh hoc gia
ca phai chang hon dé chiém linh thj truong toan ciu. Dau hang khéng sinh hoc dugc lam ti
sinh khéi nhu m& dong vat, dau thuc vat va rong bién, va luong khi thai carbon cé thé giam téi
80% so v&i nhién ligu hang khong théng thwdng & tat ca cac giai doan tir cung c&p nguyén liéu
tho dén san xuét va tiéu thu. Tuy nhién, hién tai, viéc str dung nhién liéu hang khong sinh hoc
trén toan cau 1a 20.000 ~ 30.000 t&n mé&i nam, chi chiém 0,1% téng Iwong nhién liéu hang
khéng st dung. Didu nay la do né qua dét, gap hon ba Ian gia nhién liéu hang khong théng
thwong

Nhién liéu hang khéng dwa trén lipid

dau

4 dang dwoc nghién clru b&i cac cong ty hang khéng / loc

Co quan nhanh chan nhét dé phat trién nhién liéu hang khéng sinh hoc la Hyundai Oilbank.
Hyundai Oilbank dang xem xét thanh Iap mét nha may tai nha may Daesan & Chungnam, v&i
muc tiéu gia nhap thi trwdrng nhién liéu hang khang sinh hoc toan cau vao nadm 2025. Vao thang
6, hang ciing da ky Bién ban ghi nh¢ (MOU) véi Korean Air dé hop tac san xuét va si dung
nhién liéu hang khang sinh hoc. Mét quan chirc ctia Hyundai Oilbank cho biét: "Korean Air la
hang hang khéng Han Quéc dau tién bay tir Chicago & Hoa Ky dén Incheon bang nhién ligu
hang khéng pha trén nhién ligu sinh hoc vao nam 2017", ddng thoi cho biét thém: "Chung toi s&
theo dudi sy hop tac sau rong trén toan hé sinh thai, bao gdm nghién cru va nghién ctru dé san

xuét va thuong mai hoa cac san pham tiéu chuan, va cac phan (rng chinh séch lién quan”.
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Tinh trang nganh diesel sinh hoc

Q San lwong ban dau diesel sinh hoc trong nwéc (2020): Téng cdng 653,924 tin K]ST
O San lwong xuat khau dau diesel sinh hoc (2020): téng cong 199, 323 tan st
Q Cac nwée xuat khau chinh 1a Hoa Ky (89.000 tan) va EU (10.313 tan), téng cdng 243,9 ty KRW
Xu hwéng ban dau diesel sinh hoc (Bon vi:
nghin tén)
700 635 647 654
600 533
492
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200
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=== Mua ban trong nw&c  ====Xuit khiu

Q Thi trwong dau diesel sinh hoc toan cau: 47 triéu tdn vao nam 2020
a Chau Au 14,7 triéu tan, My 8,1 triéu tan, Brazil 6,3 triéu tan, Indonesia 7,7 triéu tan
a Thi trwdng trong nwéc chiém 1, 4% thé gisi, diéu nay khéng da dang ké khi xem xét stec manh kinh té va vi thé

quéc gia.
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Cung cap dau diesel sinh hoc trong nudc

Q Tinh dén nam 2020, c6 7 nha san xuat dau diesel sinh hoc trong nwéc (ty 1é hoat dong ~ 60% 95«<ST

Q

BDIOO Ké twr khi trién khai hé théng RFS, nhiém vu pha trén 3.0% (RFS) tinh dén nam 2020 da cung cap khoang
743,000 kL mdi nam.

Dau diesel
sinh hoc 46 109 195 288 395 389 398 393 400 470 559 605 722 735 743
(nghin kL)
Ty lé tron 2.0
(%) 0.5 0.5 1.0 1.5 2.0 2.0 2.0 2.0 2.0 /2.5 2.5 2.5 3.0 3.0 3.0

Dau diesel sinh hoc pha tron vao BD20 da giam dan viéc siv dung ké tir
khi dworc mién thué vao nam 2012 va hién khéng dwoc sir dung.

BD20

2006.7
2007 | 2008 2017
2006 12.

Dau diesel

sinh hoc 3,700 280 465 455 -
(kL)

Ty I¢ tron 20 (Cho mua déng 10)

(%)
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Nguyén liéu dau diesel sinh hoc trong nudc

O Nguyén liéu thé chu yéu la diu co va phu pham co nhap khau va dau an thai sinh hoat, va ty & ndi dia héa la 30 ~ 40%‘K] T
O DAau dau nanh, vén la nguyén liéu thé ban dau, hiém khi dwoc str dung, va dau an thai sinh hoat va cac san pham phiitisice
khéng dn dwec nhap khau tang lIén
- Hién trang nguyén liéu cia cac nha san xuat dau diesel sinh hoc I&n (thanh vién cda 5 hiép
héi nang lwong sinh hoc, thi phan 81,0%) -

Dauthuhdi M& bo (nhdp  Khac (nhép JRA . . .
Nguyén liéu diesel sinh hoc (nghin tan)

tinh ché& (nhap kh'a"'u)_\ /_ khau) Phat trién
khau) ' 2 - trwc tiép CPO 1000
8% Dau thu hoi (trong nwérc)
Pau co tinh ché tinh che 6% 800
(nhap kh3u) Ll LR < 3 chit
145 202014 2% \ oo 00
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s 11
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(GLELGED) 0 . . . . . . .
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Xu hudng tham nhap diesel sinh hoc va cac ké hoach trong twong lai sau khi

thyc hién RFS

Kl

Kores Institute of
Science and Technology

L6 trinh thuc thi RFS

Quyét dinh hoan lai do khiing hoang

corona 2020
'Nghi dinh thwc thi Pao luat thic day phat trién, st dung

Thyc thi kiém tra kiém tra va phan phéi nang lwong méi va ning lweng tai tao’
RFS lai lai Stra d6i mot phan (Dw thao) Thong béo lap phap tir ngay
| | | 1 thang 2 nam 2021
15015. 7. 31. | 3.5% tr thang 7 nam 2021
12015.7. 31. 1 2018.1. 1. }:2021. 7.1. ting 1én 5% dén ndm 2030

- [ -
"15 "1 17 | 18 19 '20 21 '22 '23 '24 ’

6 25 28

e C» ba nam mét lan, mirc dd phat trién cédng nghé ning lwgng méi
va tai tao ciing nhw cung cau nhién liéu dwoc xem xét Danh gia lai ty
|Ié nhiém vu phoi hop

'26 27 ’ '29 '30~

Nguon: Nghi dinh thwe thi dao ludt
nang luwong tdi tao moi
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Hé thong cung cap nang lugng tai tao va mdi bat

budc (RPYS)

O Téng quan: Mét hé théng bat budc cac cong ty phat dién c6 co s& phat dién cé6 quy mé nhat dinh (500MW) ](3 T
lén phai cung cap nhiéu hon mét lweng nhat dinh tdng san lwong dién str dung nang lweng méi va nang firon
tai tao.

O Co sé& phap ly: Pao luat thac day phat trién, str dung va phan phéi nang lweng méi va nang lweng tai tao (Diéu 12-5 ~
Diéu 12-9)

O Pham vi ciia cac bén bat buéc cung rng (23 cong ty vao nam 2021): cac cong ty con phat dién (6), cac t6 chirc cong cong

(2), cac cong ty phat dién tw nhan (15)
Chu=qments  ENYIEFLE @ o=s2wn Glpeassgmiz  (QUadsenz  (QUIFMNEEE

- : - n ° PoOsCOo
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- RPS vao nam 2020: ty & nghia vu 9%, tong sé 23 bén bat budc, 38,926,912 MWh (47,101,564 REC)
- Théng bao lap phap vé stra déi ('21. 10. 6): '22 12.5%, '23 14.5%, '24 17.0%, '25 20.5%, '26 ~ 25.0%
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Tong quan vé dau nang sinh hoc dé phat dién

K

Nhién liéu thay thé dau nhién liéu nang dwgc san xuat bang cach tinh ché va pha trén cac nguyén liéu thé chi phi = S

thap nhw dau co (RBD, PS), phu pham co nui cao (PFAD, PAO), phu phadm ché bién diesel sinh hoc (BD pitch), dau

dong vat va chat béo theo tiéu chuan chat

Nguyén liéu dong

VAt va thic vat San xuat dau

Triglycerides

*

0
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San xuat dau diesel

Dau diesel sinh hoc

FUE(™A S)
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Ngubn: Korea Petroleum Conservancy
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Nguyén liéu cua dau nang sinh hoc

Q Tuy thuéc vao gia dau va gia cia nguyén liéu thé (dau co), ma loai nguyén liéu thd va sé lwong sir dung khaéK ST
nhau I’mmlm:lmedr

Q Véi sw cai tién ctia cong nghé san xuat, viéc str dung nguyén liéu thd chi phi thap (phu pham, dau thai thuc
pham, v.v.) ciing tang lén
- Tinh trang nguyén liéu cta cac nha san xuat dau nang sinh hoc I&n (4 thanh vién hiép héi
nang lwong sinh hoc, thj phan 87,8%) -

Dau b thire Khac (trong  Diu co tinh ché

. pham (FWO) nwéc) (nhap khau)
Mé& va chat (trong nwg g 7

béo dong vat

Dau co (nhap Nguyén liéu dau nang sinh hoc
“hu pham khu) 600

(trong nwérc) = 4% 1 z
P o on | e (nghin tan)

34%
Khac (nhap

khau) 400
M& dong vat I
(nhap khau) 200
0% 2 1A L2 i L&
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0 I L - a N !
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Du an cung cap thi diém dau nang sinh hoc cho san xuat dién

Q  Thei gian: 01/01/2014 ~ 14/3/2019 ](]ST
O Céng ty phat dién (5 cong ty): 4 cdng ty phat dién (Trung, Tdy, Nam, Dong-Tay) va Téng céng ty Swéi dmkhi
vwre Han Quéc
O Nha san xuat (21 céng ty): Nha cung cap BD, céng ty bao tri, v.v. v&i cac co s& san xuat (co s& loai bé tap chat
rén, co s& loai bé d6 4m, bé trén va co s& lwu triv) (tbng cdng suat san xuat 2.731.560 kL)
d  Co quan chu quan: Korea Petroleum Conservancy
21 cong ty dang ky nam 2018 (94p 56 lan céng suat khéi lwong yéu
ﬁugéng ty san xuéat, kinh doanh

.n £ £ Pong gop thwce hién RPS
Hiéu suat cung cap (kL) 9 gop ht i
(%)
Phat dién 443,618 449,458 454,224
Tay Han 8.8 8.5
Quoc :
53 hict dien 353,284 7.8
Pyeongtaek) 6.6
Téng cong t:u’(ri ‘. SénAxuét ?ién
am khu virc HQ 3::%1?2 179,353 4.2
& (Nha may nhiét (Nang lwgng
'r ” % 9 Ulsan) I I
San xuét dién d/
Han Quéc
(Nhiét dién . . 2014 2015 2016 2017 2018 2014 2015 2016 2017 2018
NamJeju) 5 cong ty phat dién
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San xuat dién dau ning sinh hoc dang cap thé gidi va xac nhan than

thién véi moi truong

O Ngirng van hanh cac thiét bi khir dau, khir lwu huynh déi véi viéc st dung dau sinh hoc K]ST
Toan bd 100% co’ s& dau nang sinh hoc, may s6 3 phat dién khi Jeju, nha may dién mién Trung ==&

Két qua nghién ctru LCA (Full Cycle) dau ndng sinh hoc cho san xuéat dién (EcoNetwork)
Trong danh muc Tiém nang néng lén toan cau (GWP), san xuat dién dau bioheavy la
So vé&i san xuat nhiét dién dau ning hién c6, hiéu qua giam khi nha kinh dwec tao ra 81,6%
) Vé tiém nang can kigt tai nguyén phi sinh hoc (ADP), san xuat dién dau nang sinh hoc c6 tac dung giam 85,9% so v&i san
xuat nhiét dién dau nang thong thwong.

Théng qua nghién ctru kha thi vé kinh doanh quyén phat thai carbon, c6 thé dam bao quyén phat thai khi nha kinh & nwéc
ngoai va tham nhap thi trwong nwéc ngoai

Nha may dién Trinh d6 ky thuat

Nha may sb 3 phat Nha may dau ndng sinh hoc dau tién trén thé
dién khi Jeju, nha may dién gi¢i (79MW)
mién Trung Van hanh thwong mai (2014. 06)
Nha may sb 1 phat dién Nha may dau nang sinh hoc I&n nhéat thé gioi
@ khi nam Jeju, nha may dién  (100MW)
mién Nam (Nam Jeju) Van hanh thwong mai (2014. 10.)

Nha may s6 6 phat dién L& nhat thé gidi (400MW)

‘<h.I‘AU|5aAn’ 11 MY Qe Trinh dién thanh céng dau nang sinh hoc
mien Bong (Ulsan)

Cor Nha may so 1 phat dign b a0 g phéi trén 18 15% dAu tién cta Han

@&hi Pyungtek, nha may £
dién mién Tay (Pyungtek) Quoc (350MW) (2015. 08)
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Trién vong nganh cong nghi¢p trung va dai han cua dau nang sinh hoc

dé san xuat dién

O Theo 'K& hoach co ban cho cung va cau dién québc gia' dwoc dat ra cho cac may phat dién hoi nuwéc hti] T
¢, viéc bai bd dan cac may phat dién hoi nuwéc dwoc 1én ké hoach vao thang 1 nam 2022. Viéc béi‘*ﬁ%""(’"’%§
T may phat dién Bong Tay (nhiét dién Ulsan) sb 4 ~ sb 6 va van hanh nha may dién chu trinh hén hop
LNG mién Nam vao ntra cudi ndm 2021 ~ ntra dau ndm 2022 dw kién sé& gidm manh lwong san xuét dau

nang sinh hoc. R
’ ) 2 PP S . Don vi: nghin tan
Lwong san xuat dau nang sinh hoc

thwe té va du kién
600

487 ~
500
400

300

200

100

2014 2015 2016 2017 2018 2019 2020 2021 2022

. [
Thyc té Dw kién
A Nhu cau dw kién déi véi dau niang sinh hoc dw kién sé 1a 131.000 tan vao nam 2022, thap hon mirc 165.000 tan
can thiét vao nam 2014, khi né dworc thi diém lan diu tién— mét sw thut lui dang ké trong chinh sach nang

lwong tai tao trong nwéc
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Carbon Intensity Development, Review
(7= MEh Finalization & Adoption of Reg.

GHG

Total
(e, MEi71E
)
* EEDI (Energy Efficiency Design Index) Z=7| H& Md3&: ZH|O|H M, Gas Carrier, 2t 3t2M, INGM & HE Y8
(=]

** EEXI: Energy Efficiency Existing Ship Index

S \

1

1 Phase 4 \\
|(40%) [
1 4

40% 70%

xZ Mz

50%

Nz

ABOH S | oA AlEOH Y
[ I - 7



01 canh thuong mai hda dau nang sinh hoc bién

KST

Xu hwéng nganh van tai bién toan cau theo IM02020 (IMO: Té chirc Hang hai Quéc té)

Quy dinh va (rng phé SOX do quy dinh ham lweng Iwu huynh dweoc thit chat dang ké trong nhién liéu hang ‘hai

S

(3.5% — 0,5%) ) . ] —————
- Thay the nhién liéu dau lwu huynh thap
- Lap dat may x ly khi thai- tau LNG

[

B)

—— - ——
— o - - —

CaC blen phap ngan han glam KNK Cua IMO N Low Sulfm—Fu_aI/ Exhaustg{;:rcl::::::? systems Liquid Natural Gas
- Giam téng lwgng phat thai khi nha kinh tir van chuyen quéc té
Giam phat thai khi nha kinh 50% trong 250 nam so v&i nam 2008
- Carbon Intensity <Lwong khi thai carbon dioxide trén méi cong viéc van chuyén trung binh>

Giam 40% vao nam 2030 va 70% vao nam 2050 so v&i nam 2008

—————
EEDI(mé&i)* 1
(Ti lé glzflm S()) Vi Phase 0 Phase 1 Pl Review ! Phase 4 Y
v 0 0, 4
nam 2008) L (20%) Phase 3 (30%) Ei7 R v (40%)
Co, . — e o
inalizati Etiéu chuan EDI 1 Y
EEXI(tau hién c6)** Finalization & Phase 2~3  Review | EEDI Phase 3 tré Ién )
; Approval i ’
ofReg. | /
Carbon Intensity Development, Review giam giam
(méi loai tau) Finalization & Adoption of Reg. 40% 70%
GHG
Total iam
(Toan bd tau, tiéu giar
2 . 50%
chuan ham doi)
* EEDI (Chi sb thiét ké& hiéu qua nang luong) tau rng dung ban dau: tdu container, tau ché khi, tau No6i dung xem  Chét phwong i Dwkién thyc
ché hang téng hop, tau LNG, v.v. xét an thwc hien ___ hien ___/

** EEXI: Chi sb tau hién c6 vé hiéu qua nang lvong
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Tinh hinh xtc ti€n huong mai hoa dau nang sinh hoc bién

Institute of
Technology

‘19.06 ‘20.05 '20.08 ‘20.10 ‘21.01~03 ‘21.04~ ‘21.11.29.
Nghien ciru tinh kha thi cho | | o ban oni wh | | T2 188 cic | (Thir nghigm | (Thir nghiém Xic tién thir
phan (rng IM02020 MOU co T:Pa:h;:‘va lan 1 trén lan 2 trén nghiém hang hai
mat dat mat dat
- Té chirc dat hang: Hiép hoi Nang lwong —
sinh hoc Han Quéc IR e soe= @ 1| Ty nghiem trén dat lién 1an 1
- Tién hanh béi: Korea Petroleum B AE, AT HE((M

Conservancy, Eco Network

- Muc dich: Nghién ctru kha nang trng
dung ctia dau nang sinh hoc cho tau,
theo quy dinh cia IMO

- Thei gian nghién ctru: 06.2019. ~ 05.2020

: 202044 83 ZDH(wl

Két luan danh gia hiéu suat dong co
(30% dau nang}‘SInh hOC trong dau Quéc, Hyundai Merchant Marine
ham A)

Shipbuilding & Maritime, Korea Classification

Thanh phan cla co quan tw van: Hiép héi Nang lwgng sinh hoc Han

Cac nganh cong nghiép nédng hién tai, Korea

Xac minh hiéu

suat nhién
lieu day

Péanh gia hiéu

An mon kim

Panh gia hiéu suat

; ! déng co hang hai !
suat loai i 9 G o P
So véi dau So véi dau Giam khi nha kinh dwa ’
bunker A nang sinh hoc | [tréntcA
A 2 Cen . Phwong phap kinh
Mo6-men xoan Tiéu thu kim | | doanh bén ngoai
o . ..
n 96% x |Oal duoi Phét trién & Chirng
Cong suat 10mg nhan
§ 97% ] khéng c6 sw Chirng nhan
Tang murc thay doi bang giam phat thai
tiéu thu nhién mat thwong khi nha kinh
LA lan 79% GHG

Tac dong caa hé Déau biomarine

théng day Lwa chon, ty lé troi

Stra ddi dong co yéu cau chat lwongd

hang hai Hwéng dan kiém
Lwu trir va phan
phéi 6n dinh
Kiém chirng hang
hai

XE’C min
chat lwong
nhiéu ljé

soat chét lwong
Thiét lap hé thong
quan ly

Kiém chirng
do an toan

bwoc thir nghiém véi BD20 (20% dau
ning sinh hoc bién va 80% dau lwu
huynh thap)

——

Két qua kiém tra dong co’ c6 chat lwgng
tét

Xi lanh trong tinh trang tét Van trong
tinh trang tot

thtr nghiém trén dat lién lan tho 2
BD40 (40% dau nang sinh hoc bién va
60% dau lwu huynh thap) dang tién
hanh thir nghiém

Hoan thanh trén hén hep dau BC / dau
nang sinh hoc
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S6 lugng co so khi hoa sinh hoc tai nguyén chat thai hitu co trong

nuoc

O 110 dia diém héa sinh hoc vao nam 2020 (26 cho hau cin thwe phdm, 5 cho phan gia suc, 33 cho thai céng, 4K ¢hp

tich hop) D
Cong suat co s& 67.450 tan/ngay, hiéu suat ché bién 19,52 triéu tdn/ndm, téng san lweng 362,33 m3
Xt ly hau can thwc pham vao nam 2014 va cac co s& xtr ly thai cong tang vao nam 2015, va cac co s& xwr ly tich
hop tang Ién trong nhirtng nam gan day

120
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® Thyc phdm m Chét thai chdn nudi = Chat thai céng = Tich hop

Bon vi: ngan m3/nam, % Nguén: Hién trang cdc co s¢ khi héa sinh hoc tai nguyén chit thdi hitu co nim

2020 (2021.3.16, B Méi truong)
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San xuat va st dung khi sinh hoc trong nudc theo muc dich sir dung

QO  Xu hwéng tang ngudn cung bén ngoai béng cach giam phan khong siv dung (biomethane dwoc san xuat thér'K] 49
qua nang cap) " S

O Vao nam 2020, 13,8% la san xuat dién, 27,6% dwoc cung cap bén ngoai, 31,4% la tw str dung, 10,5% la khi hoi
dwoc str dung va 16,8% khdng dwoec st dung (van con cao trong viéc tw siv dung hoéc khéng sir dung
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2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
m Phat dién  m Cungcip bén ngodi  m Ty st dung St dung khi hoi,v.v... mChwa str dung
Pon vi: ngan m3/nam
Nguén: Hién trang cdc co s¢ khi héa sinh hoc tai nguyén chit thdi hitu co nim

2020 (2021.3.16, B6 Moi truong)
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