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Title: Method for improving efficiency of an ammonia synthesis 

gas plant 

The present application is directed to the preparation of 

5 ammonia synthesis gas. More particular, the invention 

is a method for improving efficiency of a conventional am

monia synthesis gas plant by combining electrolysis of wa

ter and the conventional primary and secondary steam re

forming of a hydrocarbon feed stock for the preparation of 

10 hydrogen and nitrogen containing ammonia synthesis gas.  

Ammonia synthesis gas is conventionally prepared by sub

jecting hydrocarbon feed typically natural gas and/or 

higher hydrocarbons to endothermic steam reforming reac

15 tions in a fired tubular primary steam reformer by contact 

with a steam reforming catalyst. The primary reformed gas 

is then fed into a secondary adiabatic steam reformer, 

wherein part of hydrogen formed in the primary steam re

forming and residual amounts of hydrocarbons in the gas 

20 from the primary steam reforming are partial oxidized with 

air and steam and subsequently reformed in presence of a 

secondary reforming catalyst. From the secondary reformer, 

raw synthesis gas is withdrawn containing hydrogen, carbon 

monoxide and carbon dioxide formed during reaction of the 

25 feedstock in the above steam reforming reactions and nitro

gen introduced into the gas through addition of air in the 

secondary reforming step.  

The disadvantage of the primary and secondary reforming 

30 process is a relatively high hydrocarbon feed stock and 

fuel consumption for use in heating the endothermic primary 

steam reforming in the fired primary steam reformer and
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consequently a large C02 emission in the flue gas from 

burners used to heat the reformer. The C02 product can be 

captured from the process and used for downstream processes 

such as urea production or enhanced oil recovery.  

5 

However, primary and secondary steam reforming is still 

frequently employed in the industry, particularly in exist

ing reforming plants for the production of ammonia synthe

sis gas.  

10 

Secondary steam reforming comprises partial oxidation, us

ing oxygen containing atmosphere, of a primary reformed 

feed gas to CO, C02, H 2 , H 2 0 and remaining hydrocarbon and 

subsequently steam reforming of the hydrocarbon to form raw 

15 synthesis gas.  

Recently, a combination of electrolysis of water for pro

duction of hydrogen and air separation for the production 

of nitrogen has been envisaged for the preparation of ammo

20 nia synthesis gas, at least in patent literature. The thus 

produced hydrogen and nitrogen are combined in stoichio

metric ratios to form synthesis gas for ammonia production.  

The disadvantage of the combination of electrolysis and air 

separation is, however, that oxygen is produced as by-prod

25 uct in both electrolysis and air separation, which has no 

use in the ammonia synthesis, and can be considered as en

ergy loss.  

Typically, existing industrial ammonia synthesis gas 

30 plants, the so-called front end of an ammonia plant com

prise as already mentioned above, a fired primary steam re-
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former, a secondary steam reformer with a burner at gas in

let side and a steam reforming catalyst bed at gas outlet 

side. The burner is typically operated with air.  

5 The raw ammonia synthesis gas withdrawn from the secondary 

steam reformer is subsequently treated in a water gas shift 

unit for the production of further hydrogen and conversion 

of carbon monoxide to carbon dioxide by the known water gas 

shift reaction.  

10 

The carbon dioxide contained in the shifted ammonia synthe

sis gas is then removed in a carbon dioxide removal pro

cess.  

15 Remaining amounts of carbon dioxide and/or carbon monoxide 

in the ammonia synthesis gas from the carbon dioxide re

moval process are removed by methanation in a chemical re

action that converts carbon monoxide and/or carbon dioxide 

to methane.  

20 

The thus prepared ammonia synthesis gas is introduced into 

an ammonia make up gas compressor and sent into the ammonia 

production unit.  

25 The present invention is based on establishing a combina

tion of the fired primary steam reforming process and the 

secondary reforming process using air or oxygen enriched 

air in the operation of the secondary reformer burner and a 

new implemented step of electrolysis of water for the pro

30 duction of ammonia synthesis gas.
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Thus, in a first aspect of the present invention there is 

provided a method of improving efficiency of an ammonia 

synthesis gas plant, wherein the ammonia synthesis gas 

plant comprises a fired primary steam reformer and a sec

5 ondary steam reformer operated with an oxygen containing 

atmosphere, a water gas shift unit, a carbon dioxide re

moval unit, a methanation step and an ammonia synthesis gas 

compressor, the method comprising 

10 (a) establishing an electrolysis unit and preparing a sepa

rate hydrogen gas containing stream and a separate oxygen 

gas containing stream by electrolysis of water; 

(b) establishing a gas pipe for transporting the separate 

15 hydrogen gas containing stream from the electrolysis unit 

to the synthesis gas compressor and/or to the methanation 

step; and 

(c) establishing a gas pipe for transporting at least part 

20 of the separate oxygen gas stream from the electrolysis 

unit to a burner in the secondary reformer.  

In another aspect of the present invention there is pro

vided an Improved ammonia synthesis gas plant comprising a 

25 fired primary steam reformer and a secondary steam reformer 

operated with an oxygen containing atmosphere, a water gas 

shift unit, a carbon dioxide removal unit, a methanation 

reactor and an ammonia synthesis gas compressor, wherein 

the ammonia synthesis gas plant further comprises an elec

30 trolysis unit providing a separate hydrogen containing 

stream and a separate oxygen gas containing stream by elec
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trolysis of water and a gas pipe for transporting the sepa

rate hydrogen gas containing stream from the electrolysis 

unit to the synthesis gas compressor and/or to the methana

tion reactor and a gas pipe for transporting at least part 

5 of the separate oxygen gas stream from the electrolysis 

unit upstream or into a burner in the secondary reformer.  

The method of the invention can be used to improve effi

ciency of an existing ammonia synthesis gas plant operated 

10 with primary and secondary reforming or in a new plant with 

primary and secondary reforming. The improvement of an ex

isting or a new ammonia synthesis gas plant by the method 

of the invention aims to increase the production capacity 

of the plant and/or to save fuel in the fired primary steam 

15 reformer at a fixed capacity, as oxygen from water elec

trolysis provides heat for the reforming reaction in the 

secondary reformer. Thereby, the duty of the primary re

former is decreased, when the oxygen content in the oxygen
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containing atmosphere in the secondary reformer is in

creased with the oxygen prepared in the water electrolysis.  

As a result, the hydrocarbon slip in the gas from the pri

mary reformer increases and the gas exit temperature de

5 creases, which again results in lower fuel consumption for 

firing the primary reformer. Due to the lower fuel consump

tion, the reformer tube wall temperature is reduced, re

sulting in a significantly longer tube life time.  

10 Another advantage is that the overall hydrocarbon slip out

let the secondary reformer can be the same as in conven

tional plants without electrolysis or can be reduced to ob

tain improved synthesis gas composition because of reduced 

content of inerts resulting in reduced purge from the ammo

15 nia loop and thus a more efficient utilization of the feed 

stock.  

The method according to the invention provides further ad

vantage of less emission of C02 from the primary flue gas 

20 stack.  

Still an advantage is that the C02 partial pressure is in

creased at inlet to the carbon dioxide removal unit, which 

improves the carbon dioxide removal efficiency by reducing 

25 the required energy consumption.  

Compared to prior art methods using electrolysis of water 

for hydrogen production and air separation for nitrogen 

production, the oxygen product from electrolysis of water 

30 is advantageously used for partial oxidation in secondary
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reformer resulting in a reduced size of the primary re

former in a new plant or reduced load in an existing plant, 

which is a costly and an energy intensive unit and process.  

5 Still an advantage of the invention is thatenergy for op

erating the electrolysis unit can be renewable energy gen

erated by windmills, solar cells, hydraulic energy or other 

renewables.  

10 Thus, in a preferred embodiment of the invention, the elec

trolysis unit is powered by renewable energy.  

Preferably, the electrolysis of water is performed at ele

vated pressure according to process air compressor dis

15 charge pressure, which delivers the prepared stream of oxy

gen at elevated pressure to the burner of the secondary re

former and the hydrogen stream to the synthesis gas com

pressor and/or to the methanation step.  

20 Thus, in a preferred embodiment of the invention, the elec

trolysis unit is pressurized.  

The synergy in combining water electrolysis with secondary 

reforming technology for ammonia synthesis gas production, 

25 results in overall savings of hydrocarbon feedstock and 

fuel for the reforming process.  

It is to be understood that, if any prior art publication 

is referred to herein, such reference does not constitute 

30 an admission that the publication forms a part of the com

mon general knowledge in the art, in Australia or any other 

country.
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In the claims which follow and in the preceding description 

of the invention, except where the context requires other

wise due to express language or necessary implication, the 

word "comprise" or variations such as "comprises" or "com

5 prising" is used in an inclusive sense, i.e. to specify the 

presence of the stated features but not to preclude the 

presence or addition of further features in various embodi

ments of the invention.  

10 In Table 1 below, key figures of ammonia synthesis gas 

preparation are given for a 2200 MTPD ammonia plant for 

comparison of conventional syngas technologies and conven

tional syngas technology combined with water electrolysis.
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Claims 

1. A method of improving efficiency of an ammonia synthe

sis gas plant, wherein the ammonia synthesis gas plant com

5 prises a fired primary steam reformer and a secondary steam 

reformer operated with an oxygen containing atmosphere, a 

water gas shift unit, a carbon dioxide removal unit, a 

methanation step and an ammonia synthesis gas compressor, 

the method comprising 

10 

(a) establishing an electrolysis unit and preparing a sepa

rate hydrogen gas containing stream and a separate oxygen 

gas containing stream by electrolysis of water; 

15 (b) establishing a gas pipe for transporting the separate 

hydrogen gas containing stream from the electrolysis unit 

to the synthesis gas compressor and/or to the methanation 

step; and 

20 (c) establishing a gas pipe for transporting at least part 

of the separate oxygen gas stream from the electrolysis 

unit to a burner in the secondary reformer.  

2. The method according to claim 1, wherein the electrol

25 ysis unit is powered by renewable energy.  

3. The method according to claim 1 or 2, wherein the oxy

gen containing atmosphere is air enriched with oxygen from 

the separate oxygen gas stream.  

30
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4. The method according to any one of claims 1 to 3, 

wherein the electrolysis unit is pressurized.  

5. Improved ammonia synthesis gas plant comprising a 

5 fired primary steam reformer and a secondary steam reformer 

operated with an oxygen containing atmosphere, a water gas 

shift unit, a carbon dioxide removal unit, a methanation 

reactor and an ammonia synthesis gas compressor, wherein 

the ammonia synthesis gas plant further comprises an elec

10 trolysis unit providing a separate hydrogen containing 

stream and a separate oxygen gas containing stream by elec

trolysis of water and a gas pipe for transporting the sepa

rate hydrogen gas containing stream from the electrolysis 

unit to the synthesis gas compressor and/or to the methana

15 tion reactor and a gas pipe for transporting at least part 

of the separate oxygen gas stream from the electrolysis 

unit upstream or into a burner in the secondary reformer.
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