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= Ethylene is a very important product for the e
petrochemical industry — high impact - i ——-—
process and large market share o __,/_/__/_'l_—
100
= The primary raw materal for the C,H, e
production are Naphtha and Ethane ©
(especially in Middle East and US) — T TS T
interest in feedstock cost reduction and
diversification Fig 28
1997 2005
= From an environmentally point of view, AP L
naphtha steam cracking results in 3-4 cas ﬁ i
teoo/tyer — reduce the environemental twane 55 o
impact " S ol
27.9% 25.9%

Oxidative coupling of methane
process is a possible solution

2CH4_ + 02 - C2H4+2H20
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€ Oxidative Coupling of Methane

HO0% \ 8 Primary reactions
80% < 2CH, + 0, > C,H4+2H,0

> o CH, + 20, > CO,+2H,0

%60% } CH, + 0, - CO +H,+H,0

g40% . .

S Secondary reactions
20% - C,H +0.5 0, > C,H,+H,0

0% €O +0.50, > CO,

0% 20%  40%  60%  80%  100% C,H, + 20, — 2C0+2H,0
CH, conversion
. . . . C,Hg - C,Hy\+H,
= Low oxygen partial pressure, which can be achieved in a
MEMBRANE REACTOR, favors the selectivity towards C,.  C;Hs + 2H,0 — 2C0+4H,0

CO + H,0 & CO,+H,

= High CH, conversion together with high C, selectivity is
C02+H2 o CO + H20

required to make the process viable.

= Very exothermic reactions.
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@Oxidative Coupling of Methane

Saturated steam
(@100 bar)
Low pressure increases the C,H, P —

yield however large reactor section
Is required to avoid excessive Ap

Products at

Temperature = 850°C 600° C

Pressure = 10 bar

Saturated water
Reactor heat management: (@100 bar)

H,O/CO, dilution

H,O+CO, for dilution
and heat management

cooled reactor Oxygen
(95% purity)
Quench to stop side

reactions T

Natural Gas
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© OCM reactor configurations i

O,-depleted air

MIEC
membranes

porous
membranes

Air
—

Oxygen

Oxygen
i~ (95% purity)

(95% purity)

Natural Gas 1‘ Natural Gas 1‘ Natural Gas 1‘
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© OCM classic and OCM porous

\

quench syngas

Acid Gas Removal
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- H
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— N
7

CH,, Ny, Ar, H,, CO = l f ; 2 >
Pure CO,
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% < Natural
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O,-depleted air

quench syngas

Acid Gas Removal

»
5 Y

A~ [l
L Hf) for OCM dilution g
LIS

CO, for OCM dilution

g, *

fuel to combustor

.

CH,, N,, Ar, H,, CO

I'Lr

Natural Gas

\4

Ethane
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G Naphtha steam cracking vs OCM ==

7000 Naphtha Steam Cracking
6000 - m feedstock Ethylene .
o = propylene BTY = Multi-products from NSC (C,H,,
2 = oil m steam cycle C3H6’ BTX)
; 4000 - m refrigeration cycle ® Syngas compressors
: romers = The use of membranes
< 3000 -
@© . .
S 2000 - improves the performance with
g - respect to classic OCM
1 - . .
reducing the feedstock required
0
-1000 = Energy consumptions in OCM
600 OCM techaiog are represented by LT
ecnnologies . .
feed k hyl
. :Zetgea?goccy < Séfs_ytSPbeane | refngergtlon cycle and O,
| ] t
_ 5000 1 ®Syngas compressors .g?hrleggra on eyee prOdUCtlon
= CO2 separation & rec.
= 4000 1 = |n MIEC configuration an extra
§ 3000 - class porous MIEC .. . . .
ks electricity production is obtained
520 by the Gas Turbine and the
2l 1" absence of ASU
0 .
-1000 -
-2000
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@ OCM reactor

100%

90% -

80% -

CH, conversion
C,H, selectivity

40% -

30% -

20%

50%

45% -
40% -
35% -

T 30% -

> 25% -

T

&'20% -
15% -
10% -

5% -
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70% -

60% -

50% -

- - - -classic selectivity classic conversion
- — = -porous selectivity porous conversion
- - - -MIEC selectivity —— MIEC conversion

— - e = = = = =
-——-———
- -
- -
-

CH,/O, ratio ast the OCM reactor inlet

——oclassic
——porous

—MIEC

3 4

CH,/O, ratio ast the OCM reactor inlet
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The use of oxygen membranes significalntly
increases both selectivity and conversion

The impact in the reactor design and assembling
of porous membrane compared to classic OCM
IS minimal:

 Membrane tubes required are 10 to 50
times lower than tubes for reactor cooling
(overall around 2-7% of the reactor volume
Is occupied by tubes)

« Back-permeation effect to be assessed

In case of MIEC membranes the membrane area
required is very high

* 750-1000 mzmembrane/(kg/SC2H4)
 Membrane area (MIEC) is 100 times higher

than heat transfer area required (in OCM
classic/porous)
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Environmental Performance
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po

100
emitted = carbon captured 80 - = CO2 (direct) = CO2 (Electricity)
% 60 -
%‘; 40
8 o
20 -
-40
& oo&““ 0&*‘@ e**:éoé*% Qéoo% i o@**” O&"’ S & &Q@?’
4.5
Apart from classic OCM, most of the carbon is 01
converted to C,H, (C, yield increases) w zz
In case of net electricity production, the CO, 2 20
emissions decreases (becoming negative 5 15
(OTM#2) 8 10-
0.5 -
From an environmental point of view the fuel zz
switching represent already a -20% CO, I S I Y
emissions reduction (worst case scenario) S F I S
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@ Preliminary Economics (OPEX) S

3000 Cost of NG: 5.05 €/GJ, ,,y (corresponding to 6 $/MMbtu)
mH2 by-p.roduc.ts others = CO2 se[.)aration Cost of naphtha: 387€/t (435 $/t)
2500 1 compressors fe:'gerak“" mASU = gas turbine C,4Hq: 750 €/t; BTX price: 500 €/t, heavy oil price: 200 €/t
2000 | "Seamovce mleedsioe Cost of buying/selling electricity: 119/77 € MWh,
g 1500 -
Eo 1000 -
q:)— 500 -
g L- = Currently NG cost per thermal
oy | iInput is about 50% lower —
1000 advantages in fuel switching
-1500
naphtha classic porous MIEC - The presence Of mump'e by_
1400 products reduces the OPEX for
1200 - naphtha (about 50%)
11000 .
£ o = Cost of the membranes is not
g included in this OPEX
s 0% calculations
Y 400 -
200 -
O 4

naphtha classic porous MIEC
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Conclusions

= Conventional OCM is not convenient compared to established
Naphtha Steam Cracking

= OCM integrated with membranes and membrane reactor can
results advantageous due to the higher CH, to C,H, conversion

= |n case of MIEC, electricity production is higher than the cost of
compression and refrigeration and it represents a product of the
plant

= Based on the OPEX, the C,H, price using the MIEC membrane
OCM process is competitive with the implemented naphtha
steam cracking
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Thank you for your attention

Contact info:

Aitor Cruellas Labella: a.cruellas.labella@tue.nl
Vincenzo Spallina: v.spallina@tue.nl

José Medrano:_j.a.medrano.jimenez@tue.nl
Fausto Gallucci; f.gallucci@tue.nl

Website:
https://www.spire2030.eu/memere
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Naphtha steam cracking - 1
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Naphtha steam cracking - 2
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