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Why every Urea Plant needs a Continuous N/C ratio measurement ? 
 
1. To achieve the most efficient production of good quality urea.  
 
The figure on the right side shows the urea concentration in the outlet of the urea reactor versus the 
N/C ratio and it clearly shows that there is an optimum N/C ratio 
at which the urea concentration is maximum. Operating 
continuously at this optimum N/C ratio leads to the lowest energy 
consumption figures, the lowest ammonia emission figures and 
you will be able to increase the plant capacity by means of creep. 
You will obtain the most efficient urea production with the lowest 
urea cost price.  
Several factors can easily cause that one drifts away from the 
optimum N/C ratio; think for example about different ambient and 
cooling water temperatures during day and night. 
The more efficient production and increased capacity leads to a 
payback time of less than one year! 
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2. To avoid hazardous sampling procedures 

 
Taking a sample from a system which operates at 140 bars or more, which contains a liquid with a 

temperature of 180 oC or more, which easily crystallizes and which 
contains hazardous ammonia is not a simple task. This is well illustrated 
in the picture on the left side.  
Certainly not when you imagine you have to pre-heat and flush the 
samplings system first and then catch the hot flashing liquid into a rubber 
balloon! 
The safety risks associated with this sampling procedure are certainly not 
negligible, even more when one realizes that typically operators need the 
N/C ratio analysis at least once a day, preferably once a shift to be able to 
operate the plant at least close to the optimum N/C ratio.  
With a continuous N/C measurement instrument no hazardous high 
pressure samples need to be taken anymore at the outlet of the reactor. 
Furthermore  this continuous N/C ratio measurement instrument provides 
the possibility to take a laboratory sample of the reactor outlet stream at 
medium pressure, which can be done without major hazards. 

 
 
3. To start up the plant more safe and quick 
 
After a turnaround or shut down and certainly during the first start up, typically many instruments, 
like pressure and flow meters, are not reliable. The N/C ratio in the reactor is a critical and important 
parameter to assure a smooth and quick start up of the urea plant; not operating close to the 
optimum N/C ratio leads to higher reactor pressures which lead again to a risk that the pressure 
safety valves pop up. In that case a large ammonia emission will take place which might result in a 
hazardous situation with severe environmental consequences. Furthermore valuable time will be lost 
to refurbish the safety valves again as these typically do not close properly anymore. 
 
So during the start up an operator intensively focuses on the N/C ratio in the reactor and he/she will 
ask to take frequently samples of the outlet stream of the reactor. The difficulty is that the more one 
operates away from the optimum N/C ratio, the more the reactor pressure increases. So the operator 
needs to know if the actual N/C ratio is below or above the optimum value in order to know if the 
ammonia or the carbon dioxide flows needs to be increased. As the feed flow measurements many 
times are not reliable the operator has to rely on frequent N/C ratio sampling, which analysis results 
need to be known as soon as possible. With a laboratory sample however the operator has to wait at 
least some four hours and then only he/she know what was the N/C ratio four hours ago! 
A continuous N/C ratio measurement instrument has proven to be a valuable support for the operator 
to enable a smooth and quick start up of the plant, saving valuable time and significant costs. 
 
 
 
What do the users of a continuous N/C ratio measurement say:  
 
“Because of a tighter N/C control range, enabled by N/C meter, we are able to run on a higher 
production platform of approx. 40 MTD of urea, because we reach the ideal composition earlier and 
more constant (higher etha CO2) over a day to day operation”.  
 
“There is no doubt though that we have made significant improvement in NH3 losses ex LP absorber at 
a time when effluent control is an increasingly significant operational parameter” 
 
“The N/C meter does help to stabilise the plant more quickly following start up (after overflow)” 
 
“The N/C meter improves operation around the HP-Stripper thus steam consumption reduces with 
approx. 4-5%” 
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“Since putting these N/C meters in service, the synthesis section of the plant has operated much 
better. The reactor efficiency has improved, the stripper efficiency has improved, and the steam 
efficiency has improved. This has resulted in less ammonia being vented from synthesis and in 
reduced load on the recirculation section. This load reduction has allowed us to raise rates and still not 
vent ammonia from the recirculation system and reuse the ammonia in the synthesis.” 
 
“The N/C meter has been a very useful tool in better operating the urea plant. The benefits of 
ammonia vent loss savings and production increases have been better than anticipated. We have 
decided that many of our previous operating problems were caused by being off ratio in the reactor” 



“The N/C meter does help to stabilise the

plant more quickly following start up (after

overflow)”

“The N/C meter improves operation around

the HP-Stripper thus steam consumption

reduces with approx. 4-5%”

“Since putting these N/C meters in service,

the synthesis section of the plant has 

operated much better. The reactor efficiency

has improved, the stripper efficiency has

improved, and the steam efficiency has

improved. This has resulted in less ammonia

being vented from synthesis and in reduced

load on the recirculation section. This load

reduction has allowed us to raise rates and

still not vent ammonia from the recirculation

system and reuse the ammonia in the syn-

thesis. The N/C meter has been a very useful

tool in better operating the urea plant. The

benefits of ammonia vent loss savings and

production increases have been better than

anticipated. We have decided that many of

our previous operating problems were

caused by being off ratio in the reactor” 

Many other reactions of users could be

mentioned here, but as mentioned before

Stamicarbon quantified the profits as well

by making calculations. Besides you find an

example which you could use as a model to

calculate the savings for your own plant. 

Example of cost reduction 

For a 2000 MTPD urea plant operated at 

100 % load, the savings amount to:

Savings 1

Assuming operation on a yearly basis 

(330 days), the savings in energy costs are to

be calculated as follows: Normal steam con-

sumption in a plant is about 800 kg per ton

urea. 2% saving is: 16 kg steam/ton urea x

2000 mtpd (metric tons per day) x 330

days/year = 10.6 million kg steam/year.

Assume cost price steam 15 USD/ton.

Savings are: 10.6E6 x 15 USD/ton x 0.001

ton/kg = 160.000 USD/year.

Savings 2

Without an absorber normal NH3 losses are

about 80 kg/hr (Nowadays an absorber is

present, with an absorber normal losses 

are about 1-3 kg/hr, so no real benefit

nowadays anymore). Assuming no absorber

has been installed downstream the HP

scrubber, the NH3 losses to the atmosphere

are reduced by some 60% resulting in the

following savings: Assume NH3 costs are

about 150 USD/ton. Saving are: 60% x 80 kg

NH3/hr x 24 hr/day x 330 days/year =

380160 kg NH3/year x 150 USD/ton x 0.001

ton/kg = 57.000 USD/year.

Savings 3

The number of laboratory analysis can be

cut down significantly. Analyses are now

only used for incidental checking. Suppose

that you normally take a sample of the 

reactor or stripper once a week; with the

N/C meter this might be reduced to once a

month. Assume cost of one analysis (taking

sample / laboratory work / reporting etc.) 

is about 800 USD. Savings are: (52-12)

analysis/year x 330/360 x 800 USD/analysis

= 29.000 USD/year.

Savings 4 

By achieving the optimum yield in the 

reactor, the production will be increased

without using more energy or materials. If

this would lead to only a 0.1% improvement

on a 2000 MTPD plant, this would bring an

extra production of: 0.001 x 2000 mtpd x 330

days/year = 660 ton urea/year. Assume sell-

ing price urea is 140 USD/ton. Savings are:

660 ton urea/year x 140 USD/ton urea =

92.000 USD/year. 

Due to more efficient production and

increased capacity, Stamicarbon is 

convinced that the payback time of the total

investment is less than one year!

Plant advantages 

Besides the fact that the investment in an

N/C metering system is economically very

interesting, we found that a lot of plant man-

agers based their decision to implement the

N/C metering system also on the following

features of the system:

• environment protection through lower

NH3 emissions and a reduction of steam

consumption

• faster plant start up

• easier and more stable production 

possible

• safer than taking manual samples

• operation of synthesis at optimum yield

SPIE introduction:

The users of the system are truly enthousi-

astic about the usefulness of the N/C meter-

ing system both for existing plants and new

plants. They shared their benefits of the

system with you in this brochure. But it’s

also important that you know the company

SPIE as manufacturer from the unique N/C

metering system and it’s other activities.

SPIE provides industrial, energy, transport

and communications network services to

public and private industrial and service

sector customers. The company designs and

builds equipment for its customers and

assists them to run and maintain these sys-

tems by offering start-up and commission-

ing services, training etc.

SPIE relies on its employee’s expertise, 

its network of local companies throughout

Europe and its specialist services activities

to develop and implement effective solu-

tions suited to individual customer’s current

and future requirements. SPIE provides 

customers in each of its markets with a

comprehensive range of multidisciplinary

services that leverage all of the company’s

fields of expertise. The company has an

extensive network of regional offices and

resources undertaking work in each of the

above main markets.

N/C metering system for urea plants

SPIE - Industry

SPIE
sharing a vision for the future

SPIE Nederland B.V.

Division Industry

Mr. Jan Huijben

E-mail: j.huijben@spie.com

Tel. direct: + 31 641 547 969

Fax direct: + 31 162 470 351

www.spie-nl.com

Main office:

Huifakkerstraat 15

NL-4815 PN Breda

Production site:

Limmelderweg 6

NL-6222 PB Maastricht

Tel.: +31 436 049 400

Fax: +31 436 049 401

Leftside of N/C metering cabinet

Your sales contact:

Stamicarbon B.V.

NL-6160 AB Geleen

The Netherlands

Tel.: +31 464 237 000

Fax: +31 464 237 001

www.stamicarbon.com

Backside of N/C metering cabinet
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the N/C meter proves its usefulness. An

early knowledge of the N/C ratio in the reac-

tor helps you to realize a smooth start up and

will reduce the start up period significantly . 

General set-up of 

the N/C metering system 

As can be seen in fig. 2, the sample inlet 

to the N/C meter cabinet is located at the

downcomer of the urea synthesis reactor.

The N/C metering system outlet is located

between the outlet of the rectifying column

and the inlet of the recirculation heater. 

The N/C metering system consists of four

main items:

A. a combination of two valves (angle valve &

3-way monoblock valve) for sampling,

providing the possibility for isolation and

flushing of the N/C metering system 

B. flushing system to feed flushing water to

the 3-way monoblock valve and the N/C

meter cabinet

C. back pressure regulator (heated) for fine

control of the pressure at the density

measurement

D. the actual N/C meter cabinet with the 

density measurement and electronics 

� piping specification according to 

P&ID (urea grade)

perature and pressure range, see figure 1. 

The sampling system is part of the N/C

metering system and is less complicated

than that of a gas chromatograph, which was

used in the old days (before 1980’s). The N/C

metering system allows a continuous meas-

urement of the liquid phase at the outlet 

of the reactor. Based on the output signal

from the system, the operator can take the

required actions. By implementing automatic

control, the N/C ratio could be stabilized 

further (please contact your licensor). Many

years of operating experience in new and

existing urea plants all over the world have

demonstrated the usefulness and the relia-

bility of the N/C meter. Especially during

start up conditions, when many times flow

meters of CO2 and NH3 are not yet reliable,

Technical description of the system 

The urea solution (ca. 150 bar and 185ºC)

enters the sampling system through an

angle valve and a monoblock valve. 

This monoblock valve is a specially designed,

jacketed three way valve. The monoblock

valve consists of two hand operated, nor-

mally open, valves and one pneumatically

actuated valve, which is normally closed. 

The angle valve - together with the mono-

block valve - needs to be installed on the

process line coming from the urea reactor. 

In the N/C meter cabinet, the urea sample is

cooled down first. After cooling down the

urea, the pressure is reduced. For coarse

pressure reduction, a capillary pressure

reducer is installed in the cabinet. Final

pressure control is established by the jack-

eted back pressure regulator downstream

the density measurement (separate from the

cabinet). This regulator can be installed on

the process line going from the rectifying

column to the recirculation heater (an extra

isolation valve is to be installed between

process line and regulator). The density of

the urea sample is measured at well con-

trolled conditions, under which the N/C ratio

is linear with the density, see figure 1. A tem-

perature element on the urea sample line in

the cabinet is used for controlling the urea

temperature by manipulating a cooling water

control valve. A separate temperature ele-

ment is used for tripping purposes. 

Flow and pressure are measured in the urea

sample line. Both will generate alarms if the

measured value is outside the desired oper-

ating limits. When the pressure is too high,

the sample flow too low or the cooling unit

fails, the flushing system will be activated

automatically.

High pressure flushing condensate from 

a separate pump will enter the special

monoblock valve. The setting of the conden-

sate pressure switch will take care that the

monoblock valve opens when the condensate

pressure is higher than the actual process

pressure of the urea. From the monoblock

valve the condensate flows through the sam-

pling system, thus cleaning the whole N/C

metering system of liquid urea. After manu-

ally shutting off the condensate flow to the

reactor, the full condensate stream flows

through the second hand operated valve

cleaning the whole sample line from the N/C

meter while the N/C metering system is

already isolated from the urea process line.

After a while the condensate pump can be

stopped and the N/C meter is shut down. 

The N/C metering system has 

the following features:

• the system is designed to provide and 

control stable temperature and pressure

conditions for N/C ratio determination

• all precautions are included to prevent

urea from solidifying

• immediate indication of any undesirable

condition

• accurate, continuous output of N/C ratio

• virtually no maintenance, nor calibration

required

• high reliable, solid, industrial design 

Economic benefits of 

the N/C metering system 

Potential buyers tend to ask two basic ques-

tions: “What does it cost” and “What is the

return on investment”? The profits in feed-

stock and utility consumption due to the use

of the N/C metering system are quantified by

Stamicarbon. Also Stamicarbon’s clients did

confirm that with the implementation of the

N/C metering system significant reductions

of the variable costs were realized. A typical

oscillation of the N/C ratio in the reactor is

indicated in figure 3. This has been observed

in many plants and is mainly a consequence

of the temperature difference between day

and night, although also other influences will

shift the N/C ratio. If you use the N/C meter-

ing system, the variance on the N/C ratio can

be greatly reduced. By narrowing down the

variations of the N/C ratio in the reactor,

Stamicarbon found a reduction of about 2%

in steam consumption, a reduction of NH3

losses by about 60% and an increase of urea

production. Users that implemented the N/C

meter wrote:

“Because of a tighter N/C control range,

enabled by N/C meter, we are able to run 

on a higher production platform of approx. 

40 MTD of urea, because we reach the ideal

composition earlier and more constant

(higher etha CO2) over a day to day operation”

“There is no doubt though that we have made

significant improvement in NH3 losses ex LP

absorber at a time when effluent control is

an increasingly significant operational

parameter” 

The N/C value is one of the most important parameters to achieve an efficient production of good quality urea.

In General 

In the synthesis section of an urea plant we

find the reactor where the carbon dioxide

and the ammonia react to urea. This urea

reaction is an equilibrium reaction. 

To achieve the optimum yield of urea, it is

necessary that in the stripping urea process

the reactants are present at an optimum

specific ratio. This will lead to a stable oper-

ation of the urea synthesis section, mini-

mum consumption of energy and maximum

yield of urea. This ratio, which needs to be

controlled within a tight range, is called the

N/C molar ratio. 

2 urea + NH3

N/C = __________

1 urea + CO2

Only a limited number of possibilities to

analyse the N/C ratio are available. Some

plants still operate the plant by taking 

manual samples to do laboratory analysis,

but safety risks and inaccuracies are inher-

ently connected by the high pressure of the

process. Most operators therefore like to

work with on-line analysis nowadays, more-

over as it speeds up the start up of the urea

plant, as in this phase the flow measure-

ments of carbon dioxide and ammonia are

many times unreliable. The analyser is even

essential if you want to come to Advanced

Process Control. In this case the analyser

will generate the required input signal for

an automation system like a distributed con-

trol system to control the flows of ammonia

and carbon dioxide. The only proven tech-

nology for the on-line measurement of the

N/C ratio is by means of a density measure-

ment of the urea reactor effluent stream.

The density of the urea reactor effluent

stream is known to be linear with the N/C

ratio under certain temperature and pres-

sure conditions; these are achieved in the

N/C metering system. 

Introduction 

In CO2 stripping plants to obtain the optimum

yield of urea production, the composition of

reactants must be controlled at the azeo-

tropic N/C ratio. And also in NH3 stripping

plants it has several advantages to measure

continuously the N/C ratio in the reactor.

Stamicarbon developed about 30 years 

ago the basis for the present N/C metering

system.

This instrument, which is exclusively fabri-

cated by SPIE in The Netherlands, utilizes the

relationship between the density of the urea

reactor effluent stream and the N/C ratio,

which is known to be linear at a certain tem-

Frontside of N/C metering cabinet Rightside of N/C metering cabinetAngle valve + monoblock

Flushing pump

Figure 2: General set-up 

of the N/C metering system.

Figure 1: Molar N/C ratio 

in the effluent outlet of the urea reactor.

N/C Ratio

Density [kg/m3] Figure 3: Oscillation of N/C ratio

___ without N/C meter control

---- with N/C meter control

N/C

24 H

Specifications

Operating conditions sample flow: 

Sample inlet pressure: normally approximately 140-150 bar

Max. pressure: 160 bar

Sample inlet temperature: normally approximately 185º C

Sample flow: normally 40 – 70 l/hr

Flow range: 9 – 90 l/hr

Output signal of N/C metering system:

Measuring range N/C ratio (typical): 2.50 to 3.50 mol / mol

Output signal: 4 to 20 mA

Output range: user selectable

Power requirements: 115 or 230 VAC / 50 or 60Hz +

400 or 415 VAC / 50 or 60 Hz

IP rating: equipment is IP65 except for circulation

pump motor (IP55).

Hazardous area: explosion proof systems are available

Approximate weights & dimensions:

N/C meter cabinet: 400 kg / 199 x 83 x 96 cm (h x w x d)

Flushing pump: 250 kg / 100 x 60 x 120 cm (h x w x d)

STRIPPER

FLUSHING
CONDENSATE

FLUSHING
SYSTEM

RECIRCULATION
HEATER

RECTIFYING
COLUMN

REACTOR

N/C METER
CABINET

AIR

C.W. C.W.

STEAM STEAM
CONDENSATE
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the N/C meter proves its usefulness. An

early knowledge of the N/C ratio in the reac-

tor helps you to realize a smooth start up and

will reduce the start up period significantly . 

General set-up of 

the N/C metering system 

As can be seen in fig. 2, the sample inlet 

to the N/C meter cabinet is located at the

downcomer of the urea synthesis reactor.

The N/C metering system outlet is located

between the outlet of the rectifying column

and the inlet of the recirculation heater. 

The N/C metering system consists of four

main items:

A. a combination of two valves (angle valve &

3-way monoblock valve) for sampling,

providing the possibility for isolation and

flushing of the N/C metering system 

B. flushing system to feed flushing water to

the 3-way monoblock valve and the N/C

meter cabinet

C. back pressure regulator (heated) for fine

control of the pressure at the density

measurement

D. the actual N/C meter cabinet with the 

density measurement and electronics 

� piping specification according to 

P&ID (urea grade)

perature and pressure range, see figure 1. 

The sampling system is part of the N/C

metering system and is less complicated

than that of a gas chromatograph, which was

used in the old days (before 1980’s). The N/C

metering system allows a continuous meas-

urement of the liquid phase at the outlet 

of the reactor. Based on the output signal

from the system, the operator can take the

required actions. By implementing automatic

control, the N/C ratio could be stabilized 

further (please contact your licensor). Many

years of operating experience in new and

existing urea plants all over the world have

demonstrated the usefulness and the relia-

bility of the N/C meter. Especially during

start up conditions, when many times flow

meters of CO2 and NH3 are not yet reliable,

Technical description of the system 

The urea solution (ca. 150 bar and 185ºC)

enters the sampling system through an

angle valve and a monoblock valve. 

This monoblock valve is a specially designed,

jacketed three way valve. The monoblock

valve consists of two hand operated, nor-

mally open, valves and one pneumatically

actuated valve, which is normally closed. 

The angle valve - together with the mono-

block valve - needs to be installed on the

process line coming from the urea reactor. 

In the N/C meter cabinet, the urea sample is

cooled down first. After cooling down the

urea, the pressure is reduced. For coarse

pressure reduction, a capillary pressure

reducer is installed in the cabinet. Final

pressure control is established by the jack-

eted back pressure regulator downstream

the density measurement (separate from the

cabinet). This regulator can be installed on

the process line going from the rectifying

column to the recirculation heater (an extra

isolation valve is to be installed between

process line and regulator). The density of

the urea sample is measured at well con-

trolled conditions, under which the N/C ratio

is linear with the density, see figure 1. A tem-

perature element on the urea sample line in

the cabinet is used for controlling the urea

temperature by manipulating a cooling water

control valve. A separate temperature ele-

ment is used for tripping purposes. 

Flow and pressure are measured in the urea

sample line. Both will generate alarms if the

measured value is outside the desired oper-

ating limits. When the pressure is too high,

the sample flow too low or the cooling unit

fails, the flushing system will be activated

automatically.

High pressure flushing condensate from 

a separate pump will enter the special

monoblock valve. The setting of the conden-

sate pressure switch will take care that the

monoblock valve opens when the condensate

pressure is higher than the actual process

pressure of the urea. From the monoblock

valve the condensate flows through the sam-

pling system, thus cleaning the whole N/C

metering system of liquid urea. After manu-

ally shutting off the condensate flow to the

reactor, the full condensate stream flows

through the second hand operated valve

cleaning the whole sample line from the N/C

meter while the N/C metering system is

already isolated from the urea process line.

After a while the condensate pump can be

stopped and the N/C meter is shut down. 

The N/C metering system has 

the following features:

• the system is designed to provide and 

control stable temperature and pressure

conditions for N/C ratio determination

• all precautions are included to prevent

urea from solidifying

• immediate indication of any undesirable

condition

• accurate, continuous output of N/C ratio

• virtually no maintenance, nor calibration

required

• high reliable, solid, industrial design 

Economic benefits of 

the N/C metering system 

Potential buyers tend to ask two basic ques-

tions: “What does it cost” and “What is the

return on investment”? The profits in feed-

stock and utility consumption due to the use

of the N/C metering system are quantified by

Stamicarbon. Also Stamicarbon’s clients did

confirm that with the implementation of the

N/C metering system significant reductions

of the variable costs were realized. A typical

oscillation of the N/C ratio in the reactor is

indicated in figure 3. This has been observed

in many plants and is mainly a consequence

of the temperature difference between day

and night, although also other influences will

shift the N/C ratio. If you use the N/C meter-

ing system, the variance on the N/C ratio can

be greatly reduced. By narrowing down the

variations of the N/C ratio in the reactor,

Stamicarbon found a reduction of about 2%

in steam consumption, a reduction of NH3

losses by about 60% and an increase of urea

production. Users that implemented the N/C

meter wrote:

“Because of a tighter N/C control range,

enabled by N/C meter, we are able to run 

on a higher production platform of approx. 

40 MTD of urea, because we reach the ideal

composition earlier and more constant

(higher etha CO2) over a day to day operation”

“There is no doubt though that we have made

significant improvement in NH3 losses ex LP

absorber at a time when effluent control is

an increasingly significant operational

parameter” 

The N/C value is one of the most important parameters to achieve an efficient production of good quality urea.

In General 

In the synthesis section of an urea plant we

find the reactor where the carbon dioxide

and the ammonia react to urea. This urea

reaction is an equilibrium reaction. 

To achieve the optimum yield of urea, it is

necessary that in the stripping urea process

the reactants are present at an optimum

specific ratio. This will lead to a stable oper-

ation of the urea synthesis section, mini-

mum consumption of energy and maximum

yield of urea. This ratio, which needs to be

controlled within a tight range, is called the

N/C molar ratio. 

2 urea + NH3

N/C = __________

1 urea + CO2

Only a limited number of possibilities to

analyse the N/C ratio are available. Some

plants still operate the plant by taking 

manual samples to do laboratory analysis,

but safety risks and inaccuracies are inher-

ently connected by the high pressure of the

process. Most operators therefore like to

work with on-line analysis nowadays, more-

over as it speeds up the start up of the urea

plant, as in this phase the flow measure-

ments of carbon dioxide and ammonia are

many times unreliable. The analyser is even

essential if you want to come to Advanced

Process Control. In this case the analyser

will generate the required input signal for

an automation system like a distributed con-

trol system to control the flows of ammonia

and carbon dioxide. The only proven tech-

nology for the on-line measurement of the

N/C ratio is by means of a density measure-

ment of the urea reactor effluent stream.

The density of the urea reactor effluent

stream is known to be linear with the N/C

ratio under certain temperature and pres-

sure conditions; these are achieved in the

N/C metering system. 

Introduction 

In CO2 stripping plants to obtain the optimum

yield of urea production, the composition of

reactants must be controlled at the azeo-

tropic N/C ratio. And also in NH3 stripping

plants it has several advantages to measure

continuously the N/C ratio in the reactor.

Stamicarbon developed about 30 years 

ago the basis for the present N/C metering

system.

This instrument, which is exclusively fabri-

cated by SPIE in The Netherlands, utilizes the

relationship between the density of the urea

reactor effluent stream and the N/C ratio,

which is known to be linear at a certain tem-
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of the N/C metering system.

Figure 1: Molar N/C ratio 

in the effluent outlet of the urea reactor.
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Specifications

Operating conditions sample flow: 

Sample inlet pressure: normally approximately 140-150 bar

Max. pressure: 160 bar

Sample inlet temperature: normally approximately 185º C

Sample flow: normally 40 – 70 l/hr

Flow range: 9 – 90 l/hr

Output signal of N/C metering system:

Measuring range N/C ratio (typical): 2.50 to 3.50 mol / mol

Output signal: 4 to 20 mA
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400 or 415 VAC / 50 or 60 Hz
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pump motor (IP55).

Hazardous area: explosion proof systems are available
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the N/C meter proves its usefulness. An

early knowledge of the N/C ratio in the reac-

tor helps you to realize a smooth start up and

will reduce the start up period significantly . 

General set-up of 

the N/C metering system 

As can be seen in fig. 2, the sample inlet 

to the N/C meter cabinet is located at the

downcomer of the urea synthesis reactor.

The N/C metering system outlet is located

between the outlet of the rectifying column

and the inlet of the recirculation heater. 

The N/C metering system consists of four

main items:

A. a combination of two valves (angle valve &

3-way monoblock valve) for sampling,

providing the possibility for isolation and

flushing of the N/C metering system 

B. flushing system to feed flushing water to

the 3-way monoblock valve and the N/C

meter cabinet

C. back pressure regulator (heated) for fine

control of the pressure at the density

measurement

D. the actual N/C meter cabinet with the 

density measurement and electronics 

� piping specification according to 

P&ID (urea grade)

perature and pressure range, see figure 1. 

The sampling system is part of the N/C

metering system and is less complicated

than that of a gas chromatograph, which was

used in the old days (before 1980’s). The N/C

metering system allows a continuous meas-

urement of the liquid phase at the outlet 

of the reactor. Based on the output signal

from the system, the operator can take the

required actions. By implementing automatic

control, the N/C ratio could be stabilized 

further (please contact your licensor). Many

years of operating experience in new and

existing urea plants all over the world have

demonstrated the usefulness and the relia-

bility of the N/C meter. Especially during

start up conditions, when many times flow

meters of CO2 and NH3 are not yet reliable,

Technical description of the system 

The urea solution (ca. 150 bar and 185ºC)

enters the sampling system through an

angle valve and a monoblock valve. 

This monoblock valve is a specially designed,

jacketed three way valve. The monoblock

valve consists of two hand operated, nor-

mally open, valves and one pneumatically

actuated valve, which is normally closed. 

The angle valve - together with the mono-

block valve - needs to be installed on the

process line coming from the urea reactor. 

In the N/C meter cabinet, the urea sample is

cooled down first. After cooling down the

urea, the pressure is reduced. For coarse

pressure reduction, a capillary pressure

reducer is installed in the cabinet. Final

pressure control is established by the jack-

eted back pressure regulator downstream

the density measurement (separate from the

cabinet). This regulator can be installed on

the process line going from the rectifying

column to the recirculation heater (an extra

isolation valve is to be installed between

process line and regulator). The density of

the urea sample is measured at well con-

trolled conditions, under which the N/C ratio

is linear with the density, see figure 1. A tem-

perature element on the urea sample line in

the cabinet is used for controlling the urea

temperature by manipulating a cooling water

control valve. A separate temperature ele-

ment is used for tripping purposes. 

Flow and pressure are measured in the urea

sample line. Both will generate alarms if the

measured value is outside the desired oper-

ating limits. When the pressure is too high,

the sample flow too low or the cooling unit

fails, the flushing system will be activated

automatically.

High pressure flushing condensate from 

a separate pump will enter the special

monoblock valve. The setting of the conden-

sate pressure switch will take care that the

monoblock valve opens when the condensate

pressure is higher than the actual process

pressure of the urea. From the monoblock

valve the condensate flows through the sam-

pling system, thus cleaning the whole N/C

metering system of liquid urea. After manu-

ally shutting off the condensate flow to the

reactor, the full condensate stream flows

through the second hand operated valve

cleaning the whole sample line from the N/C

meter while the N/C metering system is

already isolated from the urea process line.

After a while the condensate pump can be

stopped and the N/C meter is shut down. 

The N/C metering system has 

the following features:

• the system is designed to provide and 

control stable temperature and pressure

conditions for N/C ratio determination

• all precautions are included to prevent

urea from solidifying

• immediate indication of any undesirable

condition

• accurate, continuous output of N/C ratio

• virtually no maintenance, nor calibration

required

• high reliable, solid, industrial design 

Economic benefits of 

the N/C metering system 

Potential buyers tend to ask two basic ques-

tions: “What does it cost” and “What is the

return on investment”? The profits in feed-

stock and utility consumption due to the use

of the N/C metering system are quantified by

Stamicarbon. Also Stamicarbon’s clients did

confirm that with the implementation of the

N/C metering system significant reductions

of the variable costs were realized. A typical

oscillation of the N/C ratio in the reactor is

indicated in figure 3. This has been observed

in many plants and is mainly a consequence

of the temperature difference between day

and night, although also other influences will

shift the N/C ratio. If you use the N/C meter-

ing system, the variance on the N/C ratio can

be greatly reduced. By narrowing down the

variations of the N/C ratio in the reactor,

Stamicarbon found a reduction of about 2%

in steam consumption, a reduction of NH3

losses by about 60% and an increase of urea

production. Users that implemented the N/C

meter wrote:

“Because of a tighter N/C control range,

enabled by N/C meter, we are able to run 

on a higher production platform of approx. 

40 MTD of urea, because we reach the ideal

composition earlier and more constant

(higher etha CO2) over a day to day operation”

“There is no doubt though that we have made

significant improvement in NH3 losses ex LP

absorber at a time when effluent control is

an increasingly significant operational

parameter” 

The N/C value is one of the most important parameters to achieve an efficient production of good quality urea.

In General 

In the synthesis section of an urea plant we

find the reactor where the carbon dioxide

and the ammonia react to urea. This urea

reaction is an equilibrium reaction. 

To achieve the optimum yield of urea, it is

necessary that in the stripping urea process

the reactants are present at an optimum

specific ratio. This will lead to a stable oper-

ation of the urea synthesis section, mini-

mum consumption of energy and maximum

yield of urea. This ratio, which needs to be

controlled within a tight range, is called the

N/C molar ratio. 

2 urea + NH3

N/C = __________

1 urea + CO2

Only a limited number of possibilities to

analyse the N/C ratio are available. Some

plants still operate the plant by taking 

manual samples to do laboratory analysis,

but safety risks and inaccuracies are inher-

ently connected by the high pressure of the

process. Most operators therefore like to

work with on-line analysis nowadays, more-

over as it speeds up the start up of the urea

plant, as in this phase the flow measure-

ments of carbon dioxide and ammonia are

many times unreliable. The analyser is even

essential if you want to come to Advanced

Process Control. In this case the analyser

will generate the required input signal for

an automation system like a distributed con-

trol system to control the flows of ammonia

and carbon dioxide. The only proven tech-

nology for the on-line measurement of the

N/C ratio is by means of a density measure-

ment of the urea reactor effluent stream.

The density of the urea reactor effluent

stream is known to be linear with the N/C

ratio under certain temperature and pres-

sure conditions; these are achieved in the

N/C metering system. 

Introduction 

In CO2 stripping plants to obtain the optimum

yield of urea production, the composition of

reactants must be controlled at the azeo-

tropic N/C ratio. And also in NH3 stripping

plants it has several advantages to measure

continuously the N/C ratio in the reactor.

Stamicarbon developed about 30 years 

ago the basis for the present N/C metering

system.

This instrument, which is exclusively fabri-

cated by SPIE in The Netherlands, utilizes the

relationship between the density of the urea

reactor effluent stream and the N/C ratio,

which is known to be linear at a certain tem-
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Figure 2: General set-up 

of the N/C metering system.

Figure 1: Molar N/C ratio 

in the effluent outlet of the urea reactor.

N/C Ratio

Density [kg/m3] Figure 3: Oscillation of N/C ratio

___ without N/C meter control

---- with N/C meter control

N/C

24 H

Specifications

Operating conditions sample flow: 

Sample inlet pressure: normally approximately 140-150 bar

Max. pressure: 160 bar

Sample inlet temperature: normally approximately 185º C

Sample flow: normally 40 – 70 l/hr

Flow range: 9 – 90 l/hr

Output signal of N/C metering system:

Measuring range N/C ratio (typical): 2.50 to 3.50 mol / mol

Output signal: 4 to 20 mA

Output range: user selectable

Power requirements: 115 or 230 VAC / 50 or 60Hz +

400 or 415 VAC / 50 or 60 Hz

IP rating: equipment is IP65 except for circulation

pump motor (IP55).

Hazardous area: explosion proof systems are available

Approximate weights & dimensions:

N/C meter cabinet: 400 kg / 199 x 83 x 96 cm (h x w x d)

Flushing pump: 250 kg / 100 x 60 x 120 cm (h x w x d)
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“The N/C meter does help to stabilise the

plant more quickly following start up (after

overflow)”

“The N/C meter improves operation around

the HP-Stripper thus steam consumption

reduces with approx. 4-5%”

“Since putting these N/C meters in service,

the synthesis section of the plant has 

operated much better. The reactor efficiency

has improved, the stripper efficiency has

improved, and the steam efficiency has

improved. This has resulted in less ammonia

being vented from synthesis and in reduced

load on the recirculation section. This load

reduction has allowed us to raise rates and

still not vent ammonia from the recirculation

system and reuse the ammonia in the syn-

thesis. The N/C meter has been a very useful

tool in better operating the urea plant. The

benefits of ammonia vent loss savings and

production increases have been better than

anticipated. We have decided that many of

our previous operating problems were

caused by being off ratio in the reactor” 

Many other reactions of users could be

mentioned here, but as mentioned before

Stamicarbon quantified the profits as well

by making calculations. Besides you find an

example which you could use as a model to

calculate the savings for your own plant. 

Example of cost reduction 

For a 2000 MTPD urea plant operated at 

100 % load, the savings amount to:

Savings 1

Assuming operation on a yearly basis 

(330 days), the savings in energy costs are to

be calculated as follows: Normal steam con-

sumption in a plant is about 800 kg per ton

urea. 2% saving is: 16 kg steam/ton urea x

2000 mtpd (metric tons per day) x 330

days/year = 10.6 million kg steam/year.

Assume cost price steam 15 USD/ton.

Savings are: 10.6E6 x 15 USD/ton x 0.001

ton/kg = 160.000 USD/year.

Savings 2

Without an absorber normal NH3 losses are

about 80 kg/hr (Nowadays an absorber is

present, with an absorber normal losses 

are about 1-3 kg/hr, so no real benefit

nowadays anymore). Assuming no absorber

has been installed downstream the HP

scrubber, the NH3 losses to the atmosphere

are reduced by some 60% resulting in the

following savings: Assume NH3 costs are

about 150 USD/ton. Saving are: 60% x 80 kg

NH3/hr x 24 hr/day x 330 days/year =

380160 kg NH3/year x 150 USD/ton x 0.001

ton/kg = 57.000 USD/year.

Savings 3

The number of laboratory analysis can be

cut down significantly. Analyses are now

only used for incidental checking. Suppose

that you normally take a sample of the 

reactor or stripper once a week; with the

N/C meter this might be reduced to once a

month. Assume cost of one analysis (taking

sample / laboratory work / reporting etc.) 

is about 800 USD. Savings are: (52-12)

analysis/year x 330/360 x 800 USD/analysis

= 29.000 USD/year.

Savings 4 

By achieving the optimum yield in the 

reactor, the production will be increased

without using more energy or materials. If

this would lead to only a 0.1% improvement

on a 2000 MTPD plant, this would bring an

extra production of: 0.001 x 2000 mtpd x 330

days/year = 660 ton urea/year. Assume sell-

ing price urea is 140 USD/ton. Savings are:

660 ton urea/year x 140 USD/ton urea =

92.000 USD/year. 

Due to more efficient production and

increased capacity, Stamicarbon is 

convinced that the payback time of the total

investment is less than one year!

Plant advantages 

Besides the fact that the investment in an

N/C metering system is economically very

interesting, we found that a lot of plant man-

agers based their decision to implement the

N/C metering system also on the following

features of the system:

• environment protection through lower

NH3 emissions and a reduction of steam

consumption

• faster plant start up

• easier and more stable production 

possible

• safer than taking manual samples

• operation of synthesis at optimum yield

SPIE introduction:

The users of the system are truly enthousi-

astic about the usefulness of the N/C meter-

ing system both for existing plants and new

plants. They shared their benefits of the

system with you in this brochure. But it’s

also important that you know the company

SPIE as manufacturer from the unique N/C

metering system and it’s other activities.

SPIE provides industrial, energy, transport

and communications network services to

public and private industrial and service

sector customers. The company designs and

builds equipment for its customers and

assists them to run and maintain these sys-

tems by offering start-up and commission-

ing services, training etc.

SPIE relies on its employee’s expertise, 

its network of local companies throughout

Europe and its specialist services activities

to develop and implement effective solu-

tions suited to individual customer’s current

and future requirements. SPIE provides 

customers in each of its markets with a

comprehensive range of multidisciplinary

services that leverage all of the company’s

fields of expertise. The company has an

extensive network of regional offices and

resources undertaking work in each of the

above main markets.

N/C metering system for urea plants

SPIE - Industry

SPIE
sharing a vision for the future

SPIE Nederland B.V.

Division Industry

Mr. Jan Huijben

E-mail: j.huijben@spie.com

Tel. direct: + 31 641 547 969

Fax direct: + 31 162 470 351

www.spie-nl.com

Main office:

Huifakkerstraat 15

NL-4815 PN Breda

Production site:

Limmelderweg 6

NL-6222 PB Maastricht

Tel.: +31 436 049 400

Fax: +31 436 049 401
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Your sales contact:
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“The N/C meter does help to stabilise the

plant more quickly following start up (after

overflow)”

“The N/C meter improves operation around

the HP-Stripper thus steam consumption

reduces with approx. 4-5%”

“Since putting these N/C meters in service,

the synthesis section of the plant has 

operated much better. The reactor efficiency

has improved, the stripper efficiency has

improved, and the steam efficiency has

improved. This has resulted in less ammonia

being vented from synthesis and in reduced

load on the recirculation section. This load

reduction has allowed us to raise rates and

still not vent ammonia from the recirculation

system and reuse the ammonia in the syn-

thesis. The N/C meter has been a very useful

tool in better operating the urea plant. The

benefits of ammonia vent loss savings and

production increases have been better than

anticipated. We have decided that many of

our previous operating problems were

caused by being off ratio in the reactor” 

Many other reactions of users could be

mentioned here, but as mentioned before

Stamicarbon quantified the profits as well

by making calculations. Besides you find an

example which you could use as a model to

calculate the savings for your own plant. 

Example of cost reduction 

For a 2000 MTPD urea plant operated at 

100 % load, the savings amount to:

Savings 1

Assuming operation on a yearly basis 

(330 days), the savings in energy costs are to

be calculated as follows: Normal steam con-

sumption in a plant is about 800 kg per ton

urea. 2% saving is: 16 kg steam/ton urea x

2000 mtpd (metric tons per day) x 330

days/year = 10.6 million kg steam/year.

Assume cost price steam 15 USD/ton.

Savings are: 10.6E6 x 15 USD/ton x 0.001

ton/kg = 160.000 USD/year.

Savings 2

Without an absorber normal NH3 losses are

about 80 kg/hr (Nowadays an absorber is

present, with an absorber normal losses 

are about 1-3 kg/hr, so no real benefit

nowadays anymore). Assuming no absorber

has been installed downstream the HP

scrubber, the NH3 losses to the atmosphere

are reduced by some 60% resulting in the

following savings: Assume NH3 costs are

about 150 USD/ton. Saving are: 60% x 80 kg

NH3/hr x 24 hr/day x 330 days/year =

380160 kg NH3/year x 150 USD/ton x 0.001

ton/kg = 57.000 USD/year.

Savings 3

The number of laboratory analysis can be

cut down significantly. Analyses are now

only used for incidental checking. Suppose

that you normally take a sample of the 

reactor or stripper once a week; with the

N/C meter this might be reduced to once a

month. Assume cost of one analysis (taking

sample / laboratory work / reporting etc.) 

is about 800 USD. Savings are: (52-12)

analysis/year x 330/360 x 800 USD/analysis

= 29.000 USD/year.

Savings 4 

By achieving the optimum yield in the 

reactor, the production will be increased

without using more energy or materials. If

this would lead to only a 0.1% improvement

on a 2000 MTPD plant, this would bring an

extra production of: 0.001 x 2000 mtpd x 330

days/year = 660 ton urea/year. Assume sell-

ing price urea is 140 USD/ton. Savings are:

660 ton urea/year x 140 USD/ton urea =

92.000 USD/year. 

Due to more efficient production and

increased capacity, Stamicarbon is 

convinced that the payback time of the total

investment is less than one year!

Plant advantages 

Besides the fact that the investment in an

N/C metering system is economically very

interesting, we found that a lot of plant man-

agers based their decision to implement the

N/C metering system also on the following

features of the system:

• environment protection through lower

NH3 emissions and a reduction of steam

consumption

• faster plant start up

• easier and more stable production 

possible

• safer than taking manual samples

• operation of synthesis at optimum yield

SPIE introduction:

The users of the system are truly enthousi-

astic about the usefulness of the N/C meter-

ing system both for existing plants and new

plants. They shared their benefits of the

system with you in this brochure. But it’s

also important that you know the company

SPIE as manufacturer from the unique N/C

metering system and it’s other activities.

SPIE provides industrial, energy, transport

and communications network services to

public and private industrial and service

sector customers. The company designs and

builds equipment for its customers and

assists them to run and maintain these sys-

tems by offering start-up and commission-

ing services, training etc.

SPIE relies on its employee’s expertise, 

its network of local companies throughout

Europe and its specialist services activities

to develop and implement effective solu-

tions suited to individual customer’s current

and future requirements. SPIE provides 

customers in each of its markets with a

comprehensive range of multidisciplinary

services that leverage all of the company’s

fields of expertise. The company has an

extensive network of regional offices and

resources undertaking work in each of the

above main markets.
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