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Ethylene oxide 

HIGHLIGHTS 

Processes and technology status – The 

basic materials for ethylene oxide (EO) 

production are high-purity grade oxygen 

and ethylene. The general process has 

different parts which are the reaction 

system (oxidation), reagents restoration, 

absorption system, CO2 removal section, 

and EO purification system (Figure 1) 1, 2, 3.  

 

Figure 1. EO production flow sheet by direct 

oxidation route 4 

Cost - The whole working value (uncooked 

supplies, utilities, fastened prices and 

depreciation prices) estimated to supply EO 

was about €2015577.2 1 per ton of EO within 

the fourth quarter of 2015. The evaluation 

was primarily based on a plant constructed 

within the U.S. with capability to supply 

550,000 metric tons per 12 months of EO 1. 

Potential and barriers – The high ethylene 

costs and the low selectivity of the 

oxidation process exerts partial recycling of 

the reaction products. However, the side 

reactions lead to the 20-25% of ethylene 

lost in general 5, 6. On the other hand, the 

emitted process base CO2 has high purity 

which makes it a suitable candidate for 

implementation of carbon capture 

technology at first industrial approaches 4. 

Production and consumption in Belgium 

– Ethylene oxide (EO) production lines in 

Belgium are BASF and Ineos plants located 

in Antwerp with capacity of 500,000 

ton/year and 420,000 ton/year respectively 

at 2013 7. These two plants have announced 

to extend their production resulting in the 

whole EO production capacity of Belgium 

                                                           
1 The values are converted from $ to € based on 1 €  

2015 = 1,11 $ 2015 14 

to more than 1,320,000 tons per year 8, 9, 10, 

11. 

Process overview - Ethylene oxide (EO) 

manufacturing was primarily based on the 

chlorohydrin course. However, this process 

is no longer considered to be installed due 

to emerging of the direct oxidation pass 
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which costs 3-4 times less than the 

chlorohydrin process and is more 

environmental friendly process 1, 6.  

The selectivity of the EO formation through 

direct oxidation technology is around 81%, 

while the ethylene conversion to EO is 

around 10%. Since the reactions are 

exothermic, water is used as a cooling 

medium on the shell side of the reactor and 

is later used to produce large quantities of 

low-pressure steam 3. Figure 2 depicts the 

typical direct oxidation of EO in which pure 

oxygen is used as the oxidizing agent 1.  

 

 

Figure 2. Flow sheet of ethylene oxide production via direct oxidation of ethylene 1 

 

Reaction and process main parameters 

- C2 H4 + 0.5 O2→ CH2O.CH2O 

- Catalyst is silver oxide on alumina 

- Ethylene to air ratio: 3 – 10 %  

- Side reaction products: CO2, H2O 

- Operating temperature and 

pressure: 250 – 300°C and 120 – 

300 psi 

- Suppressing agent for side 

reactions: Ethylene dichloride 

- Reaction is exothermic 6 

Investment and production costs - 

Ethylene makes up for approximately 68% 

of the total cost of the EO process 5. 

Therefore, it is important to optimize the 

selectivity towards EO and thus reduce the 

consumption of ethylene 6. 

A cost analysis at 2010 at a U.S. Gulf Coast 

location is carried out based upon a 320,000 

t/yr plant and released the estimated costs 
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for EO production plant2 which includes 

capital investment of about €2010433.85 

million, the product value: about 

€20100.945/kg , production cost: 

€20100.75/kg 12 

Energy requirements - The warmth from 

the exothermic reaction during partial 

oxidation of ethylene, generates steam on 

the reactor shell, and is used for heating 

functions all through the method. 

Therefore, except the possible start-up 

requirements, no fuel burning is required. 

Carbon capture and storage (CCS) in 

EO production - Overall, processes with 

high purity CO2 emissions such as EO 

production process are interesting as first 

sources for CO2 capture 13. The 

stoichiometry of the process suggests it is 

produced at a ratio of 6/2 EO to CO2, which 

means that CO2 generation is about a third 

of total ethylene oxide production 4.  

 

Summary Table 

Table3. Summary Table: Key EO Data and Figures 

Technical Performance Oxidation Separation of final products 

Energy input The recovered heat from reactor Chilly water for separation section 

Output -  - 

EO production in Belgium 2013  2022* 

Overall production rate (t/yr) 920,000 ≥ 1,320,000 

Costs 

The whole working value** 

(€2015/ton of ethylene oxide) 1 

577.2 

Materials  

(For air based production) 6 

(t/tEO) 

Ethylene  0.92 

Oxygen 0.9 

Steam 0.1 

Water 180 

Methane Inert gas to provide stability and manage flammable limits 

                                                           
2 The original reported costs were in $2010 and are 

converted into €2010 based on the mean exchange 

rate: 1 €2010 = 1.33 $2010 
14 
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* Ineos will invest at its Zwijndrecht site in Antwerp, Belgium to upgrade (EO) production which includes 

modernizing EO storage and distribution facilities beside debottlenecking and increasing EO production. This can 

increase the amount of production reported for 2022. 

** The whole working value includes uncooked supplies, utilities, fastened prices and depreciation prices. 
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