
The use of the liquid CO2 to maintain a stable load of Urea plant 
 

The piston and centrifugal-type compressors are used for CO2 transportation and 

compression up to the pressure of Urea synthesis. It must be noted that the use of the piston-type 

compressors can be efficient only if the flow is limited between 5000 and 8000 Nm3/hr as a 

maximum. The piston-type compressors are applied at Urea plants which have a capacity 

250…600 MTPD. Such a plants were put into operation in the seventies of the past century and 

got a short name АК-70. 

The Urea plants with capacity of 900-1000 MTPD are equipped with two-stage system of CO2 

compression, which is to say that both piston and centrifugal-type compressors are installed in 

cascade where the piston compressor is applied as a boosting unit. The Urea plants with capacity 

of 1200-2000 MTPD are usually equipped with centrifugal-type compressors. 

The power consumption for CO2 compressing with different types of compressors is shown in 

the below table: 

Compressor type Capacity, 
Nm3/hr 

Pressure, 
MPa 

Electric motor 
power, kW 

Specific power costs, 
kW*h/kg 

Piston-type compressor 4800 
6084 
6400 
7200 

19,7 
19,7 
20,0 
19,7 

1250 
1250 
1250 
1900 

0,13 
0,11 
0,10 
0,13 

Cascade of compressors: 
centrifugal-type 
piston-type 

 
19550 
19350 

 
2,8 

15,0 

6300 
4800 
1500 

0,16 

Centrifugal-type 9900 
29000 

15,0 
15,5 

2200 
8000 

0,11 
0,14 

 

In the current context and taking into account the production increase, nowadays the 

operation of Urea plants is often characterized by the operating regime of CO2 compression system 

which does not have any reserve of compressor units. Thus, if one of the compressors is stopped 

for a planned maintenance, it is required to completely unload the Urea plant and, consequently, it 

leads to the drop of Urea production during this time period. 

The majority of nitrogen production complexes (ammonia / urea plants) has their own liquid 

CO2 units with capacity of 30…50 thousands of tonnes per year. 

Therefore, in order to maintain a stable load of Urea plant, it is proposed to use the liquid CO2 

instead of the gaseous carbon dioxide within the period when one of the gas compressors is 

stopped. 

In case of a long distance between a Urea production unit and CO2 unit, and taking into 

account a batch-type consumption of the liquid CO2, it is practicable to provide a liquid CO2 storage 

near the Urea plant and deliver there this liquid CO2 by road-tankers. Then the liquid CO2 can be 

pumped from the storage to the Urea production process with the use of high pressure pumps. 

If the Urea production unit and CO2 unit are located near to each other, the liquid CO2 is fed 

to the suction line of the high pressure plunger-type pump and directed to the Urea production 

process through the interdepartment high pressure line. 



To avoid the production losses during the period when the gas compressor is out of service, 

it is proposed to pump the liquid CO2 directly from the liquid CO2 production unit. This flow rate is 

enough to supply a want of the liquid CO2 when one of the gas compressors is stopped for 

maintenance or repair. 

For more details of this option please refer to the Picture 1. 

 

Pic. 1 – Diagram of supply of the liquid СО2 to the Urea synthesis reactor АК-70. 
1 - high pressure plunger-type pump, 2 - heat exchanger / gas generator 

 

The high pressure plunger-type pump (item 1) is installed at the liquid СО2 storage. The liquid 

СО2 is pumped to the Urea production plant from the mentioned pump through the interdepartment 

high pressure line. At the inlet to the Urea plant it is proposed to mount a heat exchanger / gas 

generator (item 2) where the liquid СО2 is gasified as a result of supply of the water steam. After 

the heat exchanger (item 2) the gaseous СО2 is introduced to one of the existing СО2 collectors 

from the compressors (item 31-5) and then goes to the Urea synthesis reactor. 

However, the implementation of the heat exchanger / gas generator results in additional 

installation costs and heat-transfer agent (water steam). To reduce the installation costs, required 

volume of steam and in order to simplify the PFD (Pic. 2) NIIK developed a special СО2 input unit 

designed in such a way that all liquid СО2 is completely evaporated into this unit when the liquid 

CO2 is mixed with a hot CO2 going from the compressors. 
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Pic. 1 – Improved diagram of supply of the liquid СО2 to the Urea synthesis reactor АК-70. 
1 - high pressure plunger-type pump, 2 - liquid СО2 input unit 

 

The feeding of the liquid СО2 to the Urea synthesis unit АК-80 at “Odessa port plant” was 

carried out in cooperation with NIIK. The liquid СО2 is pumped by pressure 15 MPa to the Urea 

synthesis tower where the СО2 pipeline is connected to the line for ammonium carbonates solution 

input to the high-pressure condenser (Picture 3). While supplying of 2 t/h of the liquid СО2, the 

capacity of Urea plant was increased up to 5 %. Taking into account also that “Odessa port plant” 

uses a cascade system for СО2 compression, the costs associated with the gaseous СО2 

transportation make 0,16 kW*h/kg. As it can be seen from the Table 2, the total costs for СО2 

liquefaction and further pumping to the Urea plant arrive at 0,27 kW*h/kg. Thus, it can be 

concluded that the supply of the liquid СО2 to the Urea synthesis unit remains more energy 

demanding process. 

 
Table 2 – Power consumption for СО2 liquefaction and its further transportation to the Urea 

synthesis unit. 
 

Type of equipment  Capacity, 
t/hr 

Pressure, 
MPa 

Electric motor 
power, kW 

Specific power 
costs, kW*h/kg 

Piston-type pump 2 15…20 15 0,008 
Piston-type compressor 0,75 5…7 200 0,262 
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Pic. 3 – Process flow diagram of the liquid СО2 feeder unit 

 

 

Actually, a comprehensive set of measures can be carried out to reduce the energy 

consumption for compressing, liquefaction and transportation of the liquid СО2 to the Urea 

synthesis unit. Upon the energy conservation measures promotion the costs can make around 

0,12 kW*h/kg. 
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Conclusion 

In these days, the maintenance of a stable load of Urea plant remains one of the most 

important tasks, because the load reduction always results in the loss of production and drop in the 

profit. It is well known that the piston-type СО2 compressors require inaction periods for 

maintenance and repair. Therefore, it can be proposed to ensure a stable load of Urea plant by the 

use of the liquid СО2 instead of gaseous СО2 during the mentioned inaction periods. 

We analyzed many options how to practically use this liquid СО2 in the Urea synthesis unit, 

reduce investment costs, exclude the consumption of heat-transfer agent and simplify the process 

flow diagram as much as possible. Thus, we developed a special СО2 feeder unit designed in such 

a way that all liquid СО2 is completely evaporated into this unit when the liquid CO2 is mixed with a 

hot CO2 going from the gas compressors. 

Within the full-scale experiment the liquid СО2 demonstrated its suitability for use at the Urea 

synthesis units in order to improve the plants’ capacity when СО2 compression systems reach their 

limits. 
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