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Measuring oxygen concentration is a routine part of many industrial processes, especially in 
combustion systems where maintaining optimal air-to-fuel ratios is essential for efficiency and 
safety. Zirconia oxygen sensors are commonly used for this purpose, relying on the difference in 
oxygen partial pressure between a known reference—typically ambient air—and the process gas. 

While this method is generally reliable, variations in pressure between the reference and process 
sides can introduce subtle but impactful biases in oxygen concentration readings. In applications 
where pressure fluctuates or precision is paramount, correcting for this bias becomes critical. 

Implementing appropriate pressure correction strategies ensures accurate oxygen concentration 
measurement, which is vital for process control, safety, and performance.

Introduction

Zirconia sensors measure oxygen partial pressure. They do this by generating a voltage signal in proportion to the
O2 partial pressure across the zirconia cell. One side of the cell has reference O2, typically air at 20.95% O2, the other 
side has process gas at an unknown O2. Normally, the analyzer is designed so the reference-side of the cell is near 
ambient pressure while the process-side will be at process pressure. Differences between the reference-side and 
process-side pressures change the apparent O2 concentrations and creates a bias in the O2 concentration 
measurement. The bias is small, typically less than 2% of reading, for most combustion monitoring applications. In 
other applications where pressure doesn’t vary much at a given operating condition, a relative reading may be 
sufficient, however, there are applications where pressure correction is warranted.

Several pressure correction approaches are available. The simplest is to calibrate the O2 analyzer at the process 
pressure of interest. But the O2 concentration will only be most accurate at that specific pressure. This may be 
suitable for constant pressure or base loaded facilities.

Another approach is to balance the reference air and process gas pressure. This works for positive and negative 
process pressures. For positive process pressure applications, another option is to reduce the pressure of a slip 
stream of the process gas. This will balance the pressures across the cell because the analyzer’s reference-side is 
also designed to operate near ambient pressure.

Finally, a more broadly applicable approach is to measure the O2 partial pressure directly and calculate O2

concentrations. These approaches are explained in this document.
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Zirconia Sensor Nernst Equation 

Zirconia sensors generate a voltage signal that is 
proportional to the O2 difference across the cell.

E = kT Log(O2(ref)/O2(process)) + C

Where,

E is the voltage (mV)

O2(ref) is the reference side O2 partial pressure (atm),

O2(process) is the process side O2 partial pressure (atm),

C is a voltage zero offset, known as the constant,

T is the sensor temperature (K),

k is the voltage output constant,

and k*T is known as the sensor slope, an indication of 
sensor performance.

Oxygen concentration (O2) for a gas at pressure (P) is 
calculated as follows:

O2 = O2’ / P

When the sensor’s reference and process pressures are 
equal, pressures cancel out in the Nernst equation, and 
the analyzer reads oxygen concentration.

Typically, analyzers are designed so the reference side 
pressure is near ambient and in most combustion 
applications, the process pressure is also within +/- 8 
“WC so pressure bias are negligible. O2 concentrations 
are biased approximately 1% for every 4 “WC pressure 
difference across the sensor. For example, a 3% O2 gas at 
negative 8 “WC, will reading 2.94% O2, a 2% low bias.

O2 reading = O2 * Pprocess / Pambient

O2 reading = 3% * 0.98 atm / 1atm = 2.94% O2

Pprocess is the process pressure (atm)

Pambient is the process pressure (atm)

When an analyzer is calibrated at process pressure, the 
analyzer will read O2 concentrations without bias when 
measuring at that pressure but will be biased at other 
pressures. To accommodate varying process pressures, 
O2 pressure correction is possible.

Pressure Applications 

For most combustion applications, gas pressure is low 
and has minimal impact on zirconia O2 measurement 
accuracy. A few applications where pressure may be a 
factor though include catalyst cracking furnaces and 
burner windbox measurements. Burner windbox
O2 measurement are common for flue gas recirculation 
(FGR) control.

For FGR, burner windboxes can operating around 30 
“WC which can result in a 7 to 8% high O2 bias. In most 
cases, O2 bias is not an issue for FGR control because 
windbox O2 control settings are determined empirically, 
and the bias is repeatable and consistent across the load 
range. However, in a few cases, where windbox
pressure varies independent of load, O2 bias can result in 
variable FGR levels and inconsistent burner performance 
and NOx emissions. Boilers located in winterized 
buildings are such a case where windbox pressure may 
vary at a given boiler load and for these applications, 
pressure correction is recommended.

It is also necessary to correct for pressure when 
calculating the FGR ratio and FGR flow rate. This is 
because of propagation of error in these calculations. A 
7% bias in O2 reading, will result in over 50% error in FGR 
flow rate as illustrated below. The FGR ratio is calculated 
as follows:

FGR ratio (%) = ((20.95% - O2 windbox) / (O2 windbox – O2 FG))) 
*100%

Where,

O2 windbox is windbox O2

O2 FG is flue gas O2

For an 18% windbox O2 reading at 28 “WC and a furnace 
flue gas at 3% O2 near ambient, the calculated FGR ratio 
would be 19.7%. However, the actual windbox O2 is 
16.8% and the FGR ratio is 30%. That is 52% higher than 
indicated.

• In addition to some FGR applications, pressure 
correction is recommended for any high-pressure 
application where accurate O2 measurement is 
needed over a range of operating pressures. For 
example, the relative O2 bias will be approximately 
100% high if the process gas is 15 psig higher than 
when calibrated.

The following sections present various approaches to 
pressure correction.



Figure 1 Schematic for balancing In Situ O2 analyzer's reference air pressure to burner windbox pressure
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O2 Pressure Correction Approaches

A: Balance the Reference Air and Process Gas Pressures

This approach balances the reference air to the process pressure by venting the O2 analyzer reference air into the process 
as shown in Figure x1. Provided the pressure drop from the analyzer to the process is minimized, the reference air will be 
at essentially the same static pressure as the process.

The plumbing from the reference air vent to the process should minimize head loses. So, use a larger tubing size, minimize 
bends and tube length and use a low cracking pressure check valve, recognizing that every 4 “WC pressure drop will result 
in a 1% bias in O2 concentration readings. Upstream of the analyzer, a reference air supply pressure regulator should be 
set at a pressure generally at least twice the absolute process pressure. This causes choked flow across the flow meter and 
will ensure the flow rate is not greatly affected by downstream pressure changes. The reference air flow rate is typically 
low, up to 2 scfh. If the process pressure is over 2 psig, a pressure gauge downstream of the reference air flow meter is 
recommended to correct the reference air flow rate to standard flow conditions.

With this approach, the analyzer’s reference air pressure will then be balanced to the process pressure and pressure bias 
will be negligible.

Venting the reference air to the process must be acceptable and because the analyzer’s reference air maybe under 
pressure, applications are limited to the analyzer operating pressure limits. An analyzer’s maximum reference air pressure 
may be further restricted by hazardous area certifications limits.

For positive process pressure applications, instrument air is required. For negative pressure applications, while it may be 
possible to use the process draft, it is advisable to supply instrument air to ensure flow when the process is offline, or if
process pressure rises.



Figure 2 picture of an In Situ O2 analyzer housing for measuring a slip stream gas sample for a process
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O2 Pressure Correction Approaches

B: Reduce the Process Gas Pressure to Ambient 

The process gas pressure is reduced by routing a slip stream of the gas to a housing holding the O2 analyzer. A picture of a 
Rosemount Model 6888 In Situ O2 analyzer in a probe housing is shown in figure x2. This housing can be made by 
modifying an 18-inch Rosemount abrasion shield. The abrasion shield modification involves adding an end cap and an 
inlet and vent port on the housing. The process slip stream can be passed through a filter and then a flow metering valve 
to drop the pressure before entering the housing. The gas then exits the housing at the vent port and is vented to 
atmosphere or a safe location. The sample gas flow rate should be minimized to avoid backpressure in the housing. The 
housing should be near ambient pressure. 

This approach works for processes at positive pressure only and is suitable for processes at high pressure. Because the 
analyzer is located in a near ambient environment, it avoids hazardous area certification pressure limitations.

With the housing and the reference air side essentially at ambient pressure, O2 concentrations measurements will have 
negligible pressure bias. To improve sample response time, a relatively high sample gas flow rate can be used provided 
the housing remains near ambient pressure.

If the process gas has condensable gases, like water, it is necessary to insulate or heat trace the lines and the housing to 
keep temperature above dewpoint. Condensation is more likely to begin at the flowmeter valve due to pressure drop.

O2 Probe

Process Gas Vent Port

Process Gas Supply Port

O2 Probe Housing

Process Gas Inlet Port
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O2 Pressure Correction Approaches

C: Correcting Oxygen Partial Pressure Measurements to Oxygen Concentration

This approach measures the O2 partial pressure and calculates the O2 concentration using a process pressure 
measurement.

In most combustion applications, the analyzer is calibrated at or near ambient process pressure, so the O2 partial pressure 
readings are equivalent to O2 concentration. If the process remains near ambient pressure, we can ignore any pressure 
bias and report the O2 partial pressure readings as O2 concentration.

However, if the process pressure is not near ambient, the analyzer can be calibrated either outside the process in ambient 
or by using the calibration gas O2 partial pressure. Then the analyzer readings will be in O2 partial pressure and the 
O2 concentration can be calculated.

To calibrate the analyzer when at pressure, enter the calibration gases O2 partial pressures in the analyzer before 
calibrating. The calibration gas O2 partial pressure is determined as follows.

O2’calgas = O2calgas * Pprocess

Where,

O2calgas is the calibration gas O2 concentration (%)

Pprocess is the absolute pressure of the process during calibration (atm)

The process pressure is the value during calibration. It may be necessary to hold the facility operating conditions steady so
the process pressure doesn’t vary significantly during calibration. Alternatively, the analyzer can be calibrated at ambient 
where the calibration gas O2 partial pressure is equivalent to calibration gas O2 concentration. Calibrating at ambient is 
the simplest route but not always possible.

To enter the calibration gas O2 partial pressure in Rosemount analyzer electronics, use percent not factional partial 
pressure. For example, to calibrate an analyzer in a process at 1.1 atm using an 8% O 2 calibration gas, enter 8.8% O2 partial 
pressure percent in the analyzer electronics.

The calibrated analyzer will read O2 partial pressure in units of percent and the process percent O2 concentration (O2

process) is calculated by dividing the analyzer’s reading by the real-time process pressure reading.

O2 process = O2’process / Pprocess

Where,

O2’process is the analyzer O2 partial pressure reading (%)

To use this approach, it’s necessary to maintain the process pressure within a narrow range while calibrating or to remove 
the analyzer and calibrate in ambient. For real time correction, it is necessary to have a process pressure transmitter and a
means to calculate the O2 concentration in the combustion control system.
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Summary

For most combustion applications, process pressures are near ambient and do not significantly bias the process 
O2 concentration readings. In these applications, it’s still recommended to calibrate at the most common and critical 
process pressure to minimize O2 bias. However, in pressure applications or when higher accuracy is required, several 
approaches have been discussed to correct O2 for pressure bias. The safety and performance should be considered before 
implementing any of these approaches. Please consult with Emerson for more information.

For more information, visit https://www.emerson.com/en-us/catalog/rosemount-sku-6888a-in-situ-oxygen-analyzer
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