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Abstract — Coal liquefaction technology was established in Germany in 1920s. Coal liquefaction refers to the process
in which coal is converted into liquid fuels such as gasoline and diesel oil under certain conditions. Coal liquefaction is
usually classified into direct coal liquefaction (DCL) and indirect coal liquefaction (ICL). Various technologies for coal
liquefaction, conducted between 1970s and 2000s, resulted in the development and optimization of a communication
ready technology for the production of petroleum substitutes as refinery feedstocks. The purpose of this paper is to
review the research, development and demonstration of coal liquefaction. In these respects, various DCL and ICL pro-
cesses under development were illustrated and compared. Also, the status and perspective of coal liquefaction projects in
the world were viewed. Considering the scale, and technical difficulties of domestic coal liquefaction, the project has be

leaded by the government.

Key words: Coal to Liquid, Liquefaction, Direct Coal Liquefaction, Indirect Coal Liquefaction

LA

5 2ol 43 ARu5-E AlA UREAL] A4S D719
FRow thAleUAINLS ZAAZ = A717F =Tk T3 1990
ddl zo] A=A 2 2000t 2] oFZ7F AT o]k Al &
2 AA =52 stolw AAke] 718l ulE oixuet 9
o] NS tAF A7 F= AVIZE =it A AlA e
Al2] oA ghiel] FEjskal 9lom vl dAlel o] =
Al ARAPge] Beket gl ] se] ofiA] e dE

"To whom correspondence should be addressed.
E-mail: chan@kw.ac.kr

248

Fobha ghe-S 7k

e Al EE FpAoltt

A o] thAIRR © mA o] MRS miidako] Fakal A AllAel
AA mlaz g £ Slo] 9 7Ho] P A[1e]
ng Afakde] A3 fle seivete] 8- Avks dxdfE A
SA717] 93t Hetenst 7 Aak deet Sede Ad Zlew
ordet.

Aersha g Afabdo] A8 fl= HhlA 19200 Hx
2 o] 22 AAUA F HUellA 12719 Aetelskago] 7h
FH o] HA v 98%2} A 'Sk aAlE AR 47%
£ Fasilont $43 o] e ot 9l At ggo)] A

wff AlA] o= VR T A ofu] A

P

o



o] T HSlth 53] 1950d) = S50 Aud & A0
o] ALEHA T F W=l gl 11A18] WHE o]
AYE}ol 5124 o) ;\quglr A= Ao v]E] =e A

AR wiEell 71 FaldEE EshAl =ik

Zrefut 1960 tiell FoiM ARt shikg7] ) iE s 7] Al
WA 2ot AA| 2o 1 ksl whg-7istell A Agtlslf-o] Az}
7¥ssl Rom, 7 Aol A3 Ak o] % 1 #ilo] gk ot
A ofe] =7lellA Z} Tke] Mgllsl S AT, 3kl =ik

Hobrelghg sl 1955 0]l A=) 18]t AFA RhE: o] 8-t
e N5l ZMEQ] Sasol 1= Sasolburgel] 7145H3IT). o] Al
AlF 22] Artels) 2-g-5} F7doln] 1% 198017} 1982\l Sasol
S FU1= 75k dA| delzevke sl
FEAR 720 27%F AAtskar Qlrk.

gk vlar AR Fo) MRS5S A=) 54l 2 Agk “i%
& Este] BdEl ZUES] AlR7ks-S ehastal =) g
0% 2] Follx Agtdlisl Ahgsla Adjlel BixE 7lska %E]r

= 2002 F=r Hul AgES|ARRI Shenhua Group Corp.2] 4
= *ﬁ*lw 5202 Y A7 Baotou 130 km B4 ¢
Majiatacll 20,000 HiE/L 152 Ak sl 32 8-S It
QFom 2007 A Aol SrHo] 7FES FHlska vk, Btk
ol %, FAUNE, &5, |9l FolAE Artsiel ww
theFst L2 AET}L F1) Fol AL Al Fell gl o] A7 AA|

7} Agrasl ARRle] dkel 21 FLoln ) Agko] x| tE HA| 5
% AuAY 90%E 2FEkL e AFE AE 5= e 7 Ed
21791 tieto]7] wEo]tt.

o]t A Z=re) Metlslr 2 AE o] ko 7 ShfjolM &
goligle] ofgk 4ol ol AL Qitk. 20070l 014 oA A
719 AdEe] lmvlA|o} et S E5FIT) AR}
AT AL QIZUA o} oA 157591 =9} 15T 35 0%
AR ARl EL ARQLE F318P | &2 3R sz & Aldetalon, o
AR QIEUIA o} Zejuhet 2ol x] Abel= AZme] Mg
AR Agkehs dhfs ZRAEL 52 0w 149 5t AK]
EFAS AEskT 2012497K4] 8HF 108k vl R A4 A
A 24 AFoln, o] dA7to 7 v FAYS u) A TR
33007k v ol wjEY 90 E21E FRksh A7k 299 EElE %

Md

r

RV ARl
%

grol| thate]

iog
oL
R
RN

Table 1. Single & two-stage DCL processes [6]
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Single-stage processes

Two-stage processes

-Solvent refined coal process
(SRC-I and SRC-II) : Gulf oil
-Exxon donor solvent (EDS) process
-H-coal process : HRI

-Imhausen high-pressure process
-Conoco zinc chloride process
-Kohleoel process : Ruhrkohle
-NEDO process

-Consol synthetic fuel (CSF) process

-Lummus ITSL process

-Chevron coal liquefaction process (CCLP)

-Kerr-McGee ITSL work

-Mitsubishi solvolysis process

-Pyrosol process saarbergwerke

-Catalytic two-stage liquefaction process : DOE and HRI(HTT)
-Liquid solvent extraction (LSE) process

-Brown coal liquefaction (BCL) process : NEDO
-Amoco CC-TSL process
-Superecritical gas extraction (SGE) process
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Fig. 1. NEDOL process flow chart [10].
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Table 2. ICL processes [6]
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Fig. 4. Sasol process flow chart [16].
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Table 4. Comparison of coal liquefaction processes
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Table 3. Product comparison of DCL and ICL processes

DCL ICL
Product Mix
1) Diesel 65% 82%
2) Naphtha 35% 18%
Diesel
1) Cetane 42~47 70~75
2) Sulfur <5 ppm <1 ppm
3) Aromatics 4.8 wt% <4 wt%
Naphtha
1) Octane 100 45~75
2) Sulfur <0.5 ppm nil
3) Aromatics 5 wt% 2 wt%
F-T methanol DME
Thermal efficiency (%) 60~70 55 583 55.1
Price of crude oil ($/B)
Upper limit 404 40 325 37.6
Lower limit 33 22 253 29.5

Merits & defects - high-octane gasoline -low-octane gasoline

- low-cetane diesel -high-cetane diesel

- using low grade coal -high quality products

- high thermal efficiency -low liquefaction efficiency

(when using low grade coal)

o] =ATBISATE. Table 36l 9} 2o] F9)¥ Aekn} feefe]] ghof
g HFAREe] dRulER dous Aaisteydo] das2 4
HA sk (60~70%)0] H AstEG R F-T 378 (55%), ek
2 $M579(58.3%) U DME 37 (55.1%) BT} & 74oi Bt
ERttt. 3 ste] A Akl EH?& Nelggol
dotshe A A arl. we Agtesle] oI 5 A %;—
LR FARE 23 she] 2 A s o] W slgkEe] ool
Attt wol AAdE9] upgrading B]-Eo] 712 2SI &

3l A glol= A FARY, 37 HE 2 sE%e A=
7HA1 AL Qlet.

A= A, ARMEdsks 15Tt ol Y
(BTU/gallon)®] 455 ikeh= dxlo] qlom, 1dAlekels
e ol ARNskunt vk Aol Sivk A
28] A =2 A Z Q1sle] Ak A NBHGe] &
7Rz 404 $H-O]IL o] Fol M AR} 69%S AAIRiCE.

P Single stage DCL Two stage DCL ICL
rocess
NEDOL H-Coal BCL CTSL Sasol
Company NEDO (JAN) HRI (HTT) (USA) NEDO (JAN) HTI (USA) Sasol (ZAF)
Year 1978~1983,1996, 6,200 h 1980 1987~1990 2003~ 1955~
Scale 1T/D, 150T/D 200T/D S50T/D 1,000,000 T/yr 50,000B/D
R&D step PSU pilot Pilot Pilot bench (AUS) Commercial plant Commercial plant
. Fe slurry cata. 2-stage ebullated reactor,
~49, ] > 5
Reactor/cata. 2~4% Fe cata. Co-Mo/Al O3, Ni-Mo/AlLO;4 Ca-Ni-Mo Ni-Mo/ALO; SAS fixed bed reactor
427~448 °C 400 °C 200~250 °C
— 0, —_ 0, £l ) £l
Temp./press. f;iggg at%l 43250§ mec’ 360~400 °C, 435~440 °C, 300~350 °C,
150~200 atm 170 atm 20~30 atm
Yield 58% 50% 50% 60~65% 55%
Characteristic need upgrading reload catalyst using brown coal the first DCL plant the first commercial

during reaction

(moisture 60%)

CTL plant
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Table 5. Status of CTL projects in foreign countries [6]
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Country Owner/Developer Capacity (bpd) Status

South Africa  Sasol 150,000 Operational
China Shenhhua 20,000 (initially) Construction Operational in 2007~2008
China Lu’an Group 3,000~4,000 Construction
China Yankuang 40,000 (initially), 180,000 planned  Construction
China Sasol JV (2 studies) 80,000 (each plant) Planning
China Shell/Shenhua 70,000~80,000 Planning
China Headwater/UK Race Investment Two 700-bpd demo plants Planning
Indonesia Pertamina/Accelon ~76,000 Construction
Australia Anglo America/Shell 60,000 Planning
Australia Altona Resources pla, Jacobs Consultancy, Mine Consult 45,000 Planning
Philippines Headwater 50,000 Planning
New Zealand ~ L&M Group 50,000 Planning
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Table 6. Technical supply of CTL industries

Company Process type (capacity) Characteristic

Sasol (South Africa) ICL (150,000 BPD) - Joint ownership by joint investment is desired.

- Condition for business participation is complicated (ex, government support).

Shell (Netherlands)  ICL (15,000 BPD)

- No technology sale according to business policy

- GTL technology based on natural gas is possessed.

Rentech (USA) ICL (235 BPD pilot)

- Pilot plant (scale of 200 BPD) was constructed.

- Technology sale is possible, but it is too expensive

HTI (USA) DCL (20,000 BPD under construction in China)

- Facility (scale of one million ton) for direct liquefaction is in construction.

- Project for construction of CTL facility is under way in Philippines
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