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ABSTRACT : Light olefins are very important hydrocarbons widely used as the raw materials of the most petrochemicals including
plastics and medicines. In addition, the nation's olefin production capacity is regarded as one of the key indicators to predict the
nation's economic scale and growth. Steam cracking of naphtha (or called “NCC (Naphtha Cracking Center) technology”), the
traditional process to produce light olefins, is one of the most consuming energy processes among the chemical industries.
Therefore, this process causes tremendous CO; emission. To reduce the energy consumption and CO; emission from NCC process,
the present paper, firstly, investigates and analyses some alternative technologies which can be potentially substituted for traditional
process. Secondly, applying the alternative technologies to NCC process, their effects such as energy savings, CO, emission
reduction and CER (Certified Emission Reduction) were estimated.

It is found that the advanced NCC process can reduce approximately 35% of SEC (Specific Energy Consumption) of traditional
NCC process. This effect can lead to the reduction of 3.3 million tons of CO; and the acquisition of the 128 billion won of CER per
year. Catalytic cracking of naphtha technology, which is other alternative processes, can save up to approximately 40% of SEC of
traditional NCC process. This value equates to the 3.8 million tons of CO, mitigation and 147 billion won of CER per year.

Key words : Carbon-dioxide emission decrease, Carbon capture and storage, Naphtha cracking center, Olefin, Catalytic cracking
of naphtha
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Fig. 1. Traditional NCC process for olefin production.
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Table 1. Overview of the traditional NCC process according
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Table 3. Ethylene producers in Korea and their capacity32~38)

(2008)
Producer Ethylene capacity (mil. t./y)
Yeochon NCC 181
Samsung Total 85
SK 73
Honam Petrochem 75
LG Chem 166

Lotte Daesan Petrochemical Corp.

100 (including capacity expansion in 2008)

Total
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* Abbreviation
BATH : Bio—acid acetone to hydrocarbons
CC : Catalytic Cracking or Catalytic Pyrolysis
DCC : Deep Catalytic Cracking
DH : De-hydration process

FM : Fermentation

FP : Flash pyrolysis, sometimes in the presence of methane

FT . Fischer—-Tropsch synthesis (using syngas CO and H2 mixture to synthesize methanol or other
products)

GAS : Gasification and liquefaction

GS  : Gas stream reactor technologies

HG @ Hydrogenation

HP  : Hydro—Pyrolysis

HTUL : Hydro—Thermal Upgrading Liquefaction which produces naphtha from biomass feedstock

OC : Oxidative coupling of methane via ethane

OD @ Oxidative Dehydrogenation of ethane

OM  : Olefin Metathesis

OU  : Olefins Upgrading (conversion of C4—C1o) to light olefins

PD @ Propane dehydrogenation

RCY : Re-cycling pyrolysis using organic waste, such as discarded plastics, used rubber, etc.

REC : Recovery of refinery off gases, which contains ethylene, propylene, propane, etc.

REF : Refinery processes. Distillation of crude oil produces naphtha and heavy oil. Catalytic cracking
produces off gases Cryogenic separation and absorption produces ethane and LPG

SC  : Steam cracking (conventional)
SEP @ Gas separation process which produces methane, ethane and propane
SR : Steam Reforming of natural gas to produce methanol

FEBHE o] FA] FtaL Qloh, AAlR 2 7HA] 7] st £ £3)7]E U @ BedE £8A7|= WY O 3 i”é al/
7} 7bssh 71 9 A 240 AFEA ¥ e, 19 ofgddl wol xdE &olstA k7] 93l HHAE Zd
o= E4L5kal §F% o] 3k A-NCC 7|EE-2 SECE 23} (Radiant coils)}& A8sh= ¥ @ FEU Ao Azt
=t o] et FAAe] e 7Isolth 2 71w FAA AR AL B2 o] S FIA7I= W Foll 2
W82 oA AEEt NCC 349 8 F F&o 282 & FAL Stk A28 B2 AHd S A Sl Eaf
=t olERt Al 7| B4 55 off A2skir. 2 s 585 7 S k. A E 5ol EelEE
cast—fin 2 olg] 7HA] FEjo] FHO} I & AAstal 1

4.2.2.1. 232 B20|Me 1F 7I& UYHE 484 o F<4(Aqueous salt metals), AE|E, B=
HE|2 HEoA9] 7|& &2 dust 885 37 Al7|L 213}eHE(Phosphorus compounds) ¥ 2+ Al2hS I8 35}
severityE FA7I=Hl 1 23S FaL ok o9& 501 O W Bz W, 27 Aol dAE ] 7]E EafE el 27
A= AQl Hejut 2=, 71k aLA 7ie]of(Carrier) IS 913 FSulfur) A&9] aF8HA] A2)7t 524 sHA H

| Journal of KSEE | Vol.31, No.8 | August 2009



s
Lo
22 E(Olefin) Mt SHoIAM LMcH= ofdtaiEtA HiE MAS /3 MVIe M8 &1

o}, E3F ol2|et IS YW g ko] qlojA = Fuf A}
£ 938l T3 B2 severityE 7FsA 3t dEd =&
& 172 & Qe E]E 7|9 FiE A Cr-Ni gt

& 2=711,100C] &3} g vhef A
(SiC: Sintered silicon carbide) AlgtHS Z&3sHA 1,400
7HA] Z Bl EEE ST A ¢ AL S AEES A
o 4= ek olet #E Eefim AHO Fger Qs 7|E
NCC 7% SEC9] 10%% (2~3 GJ/t ethylene) M7 4= 9l
oha F=AE I QIehS E s A2 Al 7]ee 7RAE
H19] F9t 7lsoltt, NCC &4l 7kAE Rl 58 Al7IH &
it A7 E SAlOl €& 4= Q1AL EFF e RolA HRE 7F
dotet| 2ol L& A 7EAE A& o ok o]FA
™ 7122] NCC 54 SECY] 13% AYAE Ae 4= sl
A A Qlek whek flofA Aagt HaE o] A FY A7
a1 7].&151131 &3} 7]*& E/qoﬂ x«lﬁ_o]—q A-NCC 7]%%

7122 NCCHA 9] SECY] oF 20%% A7k & <= Qlrt.d

4.2.2.2. BR(YUS)/MNE 22lsl MM IF 7Is
NCC 719 B2 574 FaollA Atz A-NCC 7<=
® &7 S2HVSA; Vacuum swing adsorption), @ 7|44
3 7

A

==
o
A

Olﬁ flo

A=HMVR; Mechanical vapor re—compression), 3
& 55 (Advanced distillation columns) @ &9k} F5t
Zk A|l&"l(Membrane and combined refrigeration
systems) 5°] At} VSA 7|&2 ofety} g g 70 ulgfH o
25 g, Z2AHS TAFHAE o8, Audow F2)
A7lE F4olth 3 MVR 7&2 7|89 Z2g/Zadd
splitterol] 2§ 71531 o] 7148 7]& NCC 34 SECY 5%
£ (1 GJ/t ethylene) A3 4= Qlc)d

I SR N 7168 19309t e 18] ddgs]o] g
o 22 e YF(Advanced) FHEHS T 7 £
AR FEd 25 A% divided-wall SHHOZE o]
£ o] &shH 7|&9 Herdll Sl A== oy A9 16%
A4 o 3l T iAo g SRE UdHEA 7l
Uy o 231 Z{%EHIDIC; Heat integrated distillation
column) & ©]& NCC &4l AHg-std A7+t 27]59
gt 885 S7HIE 4 Aok o]t Ay SRES oY
d/ofet, Z2dAl/Z2d splittero] &A1 F$ 71E
NCC 3749] 7ol 2r=s oyA9] 60~90%2] HA]
(0.1~0.3 GJ/t ethylene)& A4e 4= QJct®

A-NCC 7] 59 gt #of=z AtE|o] A|aL Q=+
a2 A Be PR AlREE 299%e NCC +

of Ed/mtetd, 7tA (A F4)9t coke/waterE £

Tr

o 12
)

0

e ol

Of

].

o Aok 7lzolth, Bejare £ Aot Euge 7h4
of SR=b] C/Cy Relo] Heluhe Mgk oF 8%9] ofuiA]
8)

S
(1.5 GJ/t ethylene) A7to] 71s31tt.8) 3FA|Rk o] gt Haj2t

714 otd) 27] A Bloln] B 83 £ 2N
A el e es) ojele 2Ajolt,

NCC &4 Z249] 7HE 34& &% 3= -7l of
x| A7o] 7hsalty] o2 So] ArtA dsEd NG

BUERE Telm g Fele 322 918 o] 3714 W
3] B T $uUnivelA] dofuieh ofgal 3o

A Wzto| Dot o v x| 60~80%7} (I GJ/t ethylene) A7t
7Fs3tch®
oJAk 7]& NCC 7]&9] ZF HiE 34 of 7|20 A-NCC
ke

% moﬂ s} 013@1%1“& SEE! EH%‘——E#’ g e

714012} Sk,

4.2.3. 7|Z NCC 33| thdl & thet 71=

B 32 WA AFE F M 7R A A52< 7]
& 24 3R 7|29 NCC 349 tiet T tjA] 7)o
2} & 4= Qlt}, a2y & 7je % 7]E NCC 71«9 A Ay &
A9l AR BEATL 7]22] NCC 7|43} 2|7} 9ot v
A A5/ 34 T2 71ES NCC 713 2 Abol= it

UZES YRR sk o]t tieh 7ed S 5 &l
7|<x(Catalytic cracking of naphtha, ©|3} CCN 7|&=2 #
)1} 54 B3| 7|« (Hydro—pyrolysis) 5 271 A=} 9l
O F4] ditdl 7S AAE BAZ 2T A ACIAE H

oV @17 517 gk 9lehy ek OON 7148 7128 NOC
S VEABHOR A T 5 U 71SE P8 wa g)
th 2 7152 3 LG Chem?6.423} A2 AIST4Y

(National Institute of Advanced Industrial Science and
Technology, Japan)oll &3l 7| & sl= &8 5=
I dZof| A= uf-p- Bt Ht7E YL Qlon T o
& 7]l tisf AHAIE] A5 sh3i

4.2.3.1. =0 B= &3l 7|&(Catalytic cracking of naphtha)
7]1& NCC 542 F5m) g & ohA A3 g = 31} o
Yz 48] Ao B 7|ed dE ¥ Al Ogs 24

Hugo10.2640 FQJslo] Lpere] Bl NS LEE W

CHEHEZZSES|X| | MI31 R MI8E 12009 8% |



686

Korean Society of Environmental Engineers
AHS - 2174 - AL - o=

e SRE, g b —
(B RS
;i-.. ) e e o i ol bl
Al | 1
- = L’
¢ .
b . \
[[e—— | e i e s
e i |
J |
P i o o i e
Py od Crm ey

Fig. 4. Simplified energy profile of conventional NCC and
catalytic olefin technologies.®
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Table 4.0Obtainable effects by applying the advanced or alternative process to traditional olefin production plant.

Olefin production process Advanced NCC (A-NCC) Catalytic cracking of naphtha (CCN)
Individual energy reduction rate Pyrolysis section 20 10-20

relative to traditional Fractionation and 15 20

NCC process (%) separation section

Total energy reduction rate relative to traditional NCC process (%) 35 40 (max.)

Total amount of energy reduction (GJ/y) 6,304 7,204

(Equivalent to bunker C oil consumed, kL/y) (1,520,000) (1,738,000)

Total amount of CO2 reduction (t/y) 3,300,000 3,800,000

CERs acquired (bil. won/y) 128 147

Petroleum Processing) % 01315} 241 Zojot 3470 £ AT & Sioke Alte] 7hssitt, olet BEo] 4l 7]&¢]
of of BiAE 7istal Qlek gHH SufollA = Edet At = CLef wEe AR, S, 71A 2 BE A9 S
ZegE|ar Ql=dl LG Chemol ABB Lummus®} 3-5 -+ 7IHe 4= glow 53] NCC w40l Afafket 9 A/ 4
7 ol 9lom6.42) Bkt AKRICT)2 491} SKi= 1] ool A AR ek BiRt YIRS & o, B Af3tst Akl
9] KBR AR} A4 AlgaAE B, 2 71&(ACO7]%) A= COz B4 A% 34 s F= 4= e Avks o4

4
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