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Objectives and Motivation

 Ethylene is a very important product for the

petrochemical industry → high impact

process and large market share 

 The primary raw materal for the C2H4

production are Naphtha and Ethane

(especially in Middle East and US) →

interest in feedstock cost reduction and 

diversification

 From an environmentally point of view, 

naphtha steam cracking results in 3-4 

tCO2/tolef → reduce the environemental

impact

Oxidative coupling of methane

process is a possible solution

2𝐶𝐻4 + 𝑂2 → 𝐶2𝐻4+2𝐻2O
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Oxidative Coupling of Methane
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CH4 conversion

𝟐𝑪𝑯𝟒 + 𝑶𝟐 → 𝑪𝟐𝑯𝟒+𝟐𝑯𝟐𝐎

𝐶𝐻4 + 2𝑂2 → 𝐶𝑂2+2𝐻2O

𝐶𝐻4 + 𝑂2 → 𝐶𝑂 +𝐻2+𝐻2O

Primary reactions

𝑪𝟐𝑯𝟔 + 𝟎. 𝟓 𝑶𝟐 → 𝑪𝟐𝑯𝟒+𝑯𝟐𝐎

𝐶𝑂 + 0.5𝑂2 → 𝐶𝑂2

𝐶2𝐻4 + 2𝑂2 → 2𝐶𝑂+2𝐻2O

𝑪𝟐𝑯𝟔 → 𝑪𝟐𝑯𝟒+𝑯𝟐

𝐶2𝐻4 + 2𝐻2𝑂 → 2𝐶𝑂+4𝐻2O

𝐶𝑂 + 𝐻2𝑂 ↔ 𝐶𝑂2+𝐻2

𝐶𝑂2+𝐻2 ↔ 𝐶𝑂 + 𝐻2𝑂

Secondary reactions

 Low oxygen partial pressure, which can be achieved in a 

MEMBRANE REACTOR, favors the selectivity towards C2.

 High CH4 conversion together with high C2 selectivity is 

required to make the process viable. 

 Very exothermic reactions.



02/10/2017  Page 5 (Disclosure or reproduction without prior permission of MEMERE is prohibited).

Oxidative Coupling of Methane

Reactor heat management:

Low pressure increases the C2H4

yield however large reactor section 

is required to avoid excessive Δp

Natural Gas

Oxygen

(95% purity)

Quench gas

Products at 

600°C

H2O+CO2 for dilution

and heat management

Saturated water

(@100 bar)

Saturated steam

(@100 bar)

Products at 850°C

Pressure = 10 bar

Temperature = 850˚C

H2O/CO2 dilution

cooled reactor

Quench to stop side 

reactions
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OCM reactor configurations

Natural Gas

Oxygen

(95% purity)

Natural Gas

Oxygen

(95% purity)

Natural Gas

Air

O2-depleted air

porous

membranes

MIEC 

membranes



02/10/2017  Page 7 (Disclosure or reproduction without prior permission of MEMERE is prohibited).

OCM classic and OCM porous

OCM plant
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MIEC + OCM plant
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Naphtha steam cracking vs OCM
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 Multi-products from NSC (C2H4, 

C3H6, BTX)

 The use of membranes

improves the performance with

respect to classic OCM 

reducing the feedstock required

 Energy consumptions in OCM 

are represented by LT 

refrigeration cycle and O2

production

 In MIEC configuration an extra 

electricity production is obtained

by the Gas Turbine and the

absence of ASU
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OCM reactor
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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 m2
membrane/(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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Apart from classic OCM, most of the carbon is

converted to C2H4 (C2 yield increases)

In case of net electricity production, the CO2

emissions decreases (becoming negative

(OTM#2)

From an environmental point of view the fuel 

switching represent already a -20% CO2

emissions reduction (worst case scenario)
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Preliminary Economics (OPEX)
Cost of NG: 5.05 €/GJLHV (corresponding to 6 $/MMbtu)

Cost of naphtha: 387€/t (435 $/t)

C3H6: 750 €/t; BTX price: 500 €/t, heavy oil price: 200 €/t

Cost of buying/selling electricity: 119/77 €/MWhel
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 Currently NG cost per thermal

input is about 50% lower → 

advantages in fuel switching

 The presence of multiple by-

products reduces the OPEX for

naphtha (about 50%)

 Cost of the membranes is not

included in this OPEX 

calculations
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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 CH4 to C2H4 conversion

 In 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 C2H4 price using the MIEC membrane

OCM process is competitive with the implemented naphtha

steam cracking  
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Naphtha steam cracking - 1
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Naphtha steam cracking - 2
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Naphtha steam cracking - 3


