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This guidance document was developed by the NASRC CO2 Technical Committee to 
provide clear recommendations on critical sensors for CO2 transcritical refrigeration 
systems. It aims to enhance system reliability, minimize downtime, and ensure rapid 
recovery in the event of sensor failures. The following objectives guide this document:

•	 Define critical sensor points that are essential for the stable operation of CO2 
transcritical refrigeration systems.

•	 Establish clear mitigation strategies and recommendations to maximize system 
stability, ensure continuous uptime, and minimize downtime in the event of 
catastrophic sensor failures.

•	 Encourage industry-wide adoption of these guidelines as best practices to 
enhance reliability and minimize downtime.

•	 Educate industry stakeholders on the significance of critical and important 
sensor points to improve overall system understanding and reliability.

Purpose and Objectives

AUDIENCE
The primary audience for this guidance includes:

•	 End-users and Design Teams: Incorporate these guidelines into specifications 
provided to manufacturers to ensure robust system design and operation.

•	 Original Equipment Manufacturers (OEMs): Utilize these guidelines to implement 
effective mitigation strategies in equipment design and manufacturing 
processes.
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CRITICAL SENSORS

IMPORTANT SENSORS 

INFORMATIONAL SENSORS

Criteria for Critical Sensors:
	➥ Sensor failure directly results in the loss of all available 
refrigeration capacity within a single suction group 
(medium temperature or low temperature).

	➥ Failure leads to extended downtime without immediate 
corrective action, redundancy, or predefined mitigation 
strategies.

	➥ Immediate alarms and automated or manual fallback 
procedures must be implemented to minimize 
downtime and facilitate rapid recovery.

Criteria for Important Sensors:
	➥ Sensor failure results in a loss of precise control 
capability but does not immediately shut down 
refrigeration operations.

	➥ Sensor malfunction can negatively affect future system 
performance, efficiency, or reliability if not addressed 
promptly.

	➥ A single sensor failure alone does not cause immediate 
system shutdown; however, combined with additional 
failures or operational issues, it can escalate to a 
critical scenario.

Criteria for Informational Sensors:
	➥ Failure does not directly affect system operation or 
control logic.

	➥ Provides monitoring data only; no direct control 
actions depend on sensor readings.

	➥ Primarily used for diagnostics, performance analysis, 
and maintenance planning rather than active 
operational management.

A sensor is classified as Critical if its failure 
results in the immediate loss of all available 
refrigeration capacity in one or more 
suction groups (medium temperature or low 
temperature). Such failures typically cause 
extended downtime or severe operational 
disruptions, necessitating immediate 
intervention and mitigation strategies to 
restore system functionality.

Important sensors are those whose failures 
do not immediately result in the loss of all 
refrigeration capacity in one or more suction 
groups but may significantly impact future 
system operations. While an isolated failure of 
an important sensor typically does not cause 
immediate catastrophic consequences, it can 
lead to substantial operational issues or even 
system failure if combined with other sensor 
or component failures.

Informational sensors primarily serve 
monitoring purposes and provide data points 
that assist operators in understanding system 
performance. Failures of informational 
sensors do not directly impact system 
operations or reliability. Instead, they provide 
supplementary information useful for 
diagnostics, trending analysis, and long-term 
maintenance planning.

To ensure clarity and consistency in managing sensors within CO2 
transcritical refrigeration systems, sensors have been classified into 
three categories based on their operational impact and the severity 
of consequences resulting from their failure. The criteria for each 
classification are defined below:

Criteria 
for Sensor 
Classification
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Gas Cooler Outlet Temperature

The following sensors have been identified as critical due to their 
essential role in maintaining system operation (See Appendix A for the 
sensor location diagram). Failure of these sensors can result in extended 
downtime or significant operational disruption. Each critical sensor 
includes the location, failure mode, impact and mitigation strategies. 
Note that the location of the sensor is based on the most common 
practice and does not necessarily reflect the best practice.

Critical 
Sensor Points 
Guidance

	➥ Immediately trigger an alarm notification 
upon detection of failure.

	➥ Switch control automatically to a redundant 
temperature sensor if available.

	➥ If temperature sensor failure occurs, adjust 
condenser fan control logic to a fixed 
minimum setpoint. Recommend 60°F or 
consult OEM manufacturer, or, if possible, 
temporarily switch gas cooler fan and HPV 
control such as a pressure-only strategy 
based on gas cooler outlet pressure and 
predefined “safe-mode” pressure targets.

	➥ If the Gas Cooler Outlet Pressure Transducer 
is operational, use a predefined high-pressure 
setpoint or the highest pressure value from 
the previous 24hour period as its setpoint.

	➥ Compare readings against ambient 
conditions; if temperature reading is below 
ambient temperature, trigger an alarm 
and switch control to redundant sensor.

	➥ Compare readings of redundant sensors, 
if difference is greater than 4°F, trigger an 
alarm notification for immediate action.

	➥ Run temperature sensor wiring in conduit to 
installation point on the gas cooler to prevent 
degradation of sensor wiring due to UV.  
Reduce the number of wire splices required 
for the gas cooler outlet sensor. Ensure that 
any wire splices required are weather tight.

	➥ Consider using Resistance Temperature Detector 
(RTD) sensor in place of thermistor type sensor. 
Verify with control system manufacturer 
on compatibility and best approach.

	➥ Consider using thermowell on gas cooler 
outlet to improve accuracy of sensor reading. 

	➥ Consider limiting compressor capacity or 
variable-speed operation (e.g., cap maximum 
speed) when operating in a degraded mode 
without a valid outlet temperature signal, to 
reduce risk of excessive high-side pressure.

1
Location: Installed at the outlet pipe of the gas cooler. See OEM 
instructions for guidance on proper installation. 

Failure Mode: Typically fails open, resulting in a maximum reading or 
“no sensor found” condition. If installed incorrectly, this sensor may also 
have inaccurate readings which will impact system operation.

Impact: Loss of fan speed control, leading to uncontrolled high-side pressure. AND/OR loss 
of control of the high-pressure valve (HPV), leading to uncontrolled high side pressure.

Mitigation Strategies:
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Gas Cooler Outlet Pressure Transducer

Critical 
Sensor Points 
Guidance (cont.)

	➥ Trigger an alarm notification immediately 
upon detection of transducer failure. 

	➥ Switch control automatically to a 
redundant pressure transducer.

	➥ Change HPV (high-pressure valve) to fixed 
opening position as defined in the setup and 
depending on system mode (subcritical or 
transcritical); HPV close rate during mitigation 
to be defined by user. Default to average 
opening percentage based on previous 24hrs. Or 
correlate previous day’s ambient temperatures 
and valve opening percentages and assign 
a dynamic valve opening control scheme.

	➥ If the gas cooler outlet pressure transducer 
is used for controlling condenser fan 
speed, transition control logic to utilize 
the MT compressor discharge pressure 
transducer temporarily or transition fan 
speed control to the gas cooler outlet 
temperature sensor temporarily.

	➥ Compare the Saturated Gas Cooler Outlet 
Pressure while in subcritical mode to the 
ambient temperature, if below ambient 
temperature, generate an alarm.

	➥ Provide a manual “service mode” that 
allows technicians to operate the rack at 
reduced capacity and fixed high-pressure 
setpoints during sensor replacement, with 
clear indication on the supervisory controller 
screen that the system is in degraded mode.

2
Location: Positioned at the outlet of the gas cooler or upstream of the high-
pressure control valve depending on the sensor controlling fan speed. 

Failure Mode: Electrical failure resulting in “no sensor found”, electrical noise, or 
inaccurate reading caused by oil or other contaminants in the system or electrical noise.

Impact: HPV maladjustment risking overpressure events, AND/OR loss of fan speed 
control, loss of high side pressure control impacting system capacity and energy efficiency.

Mitigation Strategies:
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Flash Tank Pressure Transducer

Critical 
Sensor Points 
Guidance (cont.)

3
Location: Mounted on the flash tank vessel.

Failure Mode: Electrical failure resulting in “no sensor found”, electrical noise, or 
inaccurate reading caused by oil or other contaminants in the system or electrical noise.

Impact: Flash Tank pressure instabilities (over pressurization or 
under pressurization) due to incorrect Flash Gas Bypass Valve control, 
causing increased energy use and poor temperature control. 

	➥ Immediately trigger an alarm notification.

	➥ Switch control automatically to 
redundant pressure sensor or deploy 
software-based temporary solution.

	➥ Default bypass gas valve position based on 
historical operational data (average opening 
percentage from previous 24 hours).

	➥ Establish a fixed opening position correlated 
with gas cooler outlet pressure readings 
as a fallback strategy. Limit to the max 
percentage based on previous 24hrs.

	➥ Compare the Saturated Flash Tank 
Pressure to the liquid temperature at 
the flash tank, if the difference is greater 
than 10°F generate an alarm.

Mitigation Strategies:
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Medium Temperature Pressure Transducer

Critical 
Sensor Points 
Guidance (cont.)

	➥ Trigger immediate alarm 
notification upon detection.

	➥ Automatically switch control to 
a redundant transducer. 

	➥ Temporarily switch to transducer on 
case control with the lowest saturated 
suction temperature (SST) until 
transducer replacement is completed.

	➥ Lock compressor sequencing into a limited on/
off cycling to prevent unstable suction pressure 
when the feedback signal is unreliable.

	➥ Limit opening of electronic expansion valves 
(EEVs) or apply a maximum superheat 
override to reduce the risk of floodback, 
overfeeding evaporators while operating 
without a valid suction pressure reference.

4
Location: Installed at medium temperature suction group manifold.

Failure Mode: Electrical failure resulting in “no sensor found” 
(dependent on controller type). Or inaccurate reading caused by oil 
or other contaminants in the system or electrical noise.

Impact: Compressor staging errors and erratic suction pressure control.

Mitigation Strategies:



8
May. 05, 2026 |  NASRC-CO2 Critical Sensors Guidance

Low Temperature Pressure Transducer

Critical 
Sensor Points 
Guidance (cont.)

5
Location: Installed at low temperature suction group manifold.

Failure Mode: Electrical failure resulting in “no sensor found”, or inaccurate 
reading caused by oil or other contaminants in the system or electrical noise.

Impact: Compressor staging errors and erratic suction pressure control.

	➥ Trigger immediate alarm 
notification upon detection.

	➥ Automatically switch control to 
redundant pressure transducer.

	➥ Temporarily switch to transducer on 
case control with the lowest saturated 
suction temperature (SST) until 
transducer replacement is completed.

	➥ Lock compressor sequencing into a limited on/
off cycling to prevent unstable suction pressure 
when the feedback signal is unreliable.

	➥ Limit opening of electronic expansion valves 
(EEVs) or apply a maximum superheat 
override to reduce the risk of floodback, 
overfeeding evaporators while operating 
without a valid suction pressure reference.

Mitigation Strategies:



9
May. 05, 2026 |  NASRC-CO2 Critical Sensors Guidance

Oil Separator Level Sensor

Critical 
Sensor Points 
Guidance (cont.)

6
Location: Located within the oil separator vessel. 

Failure Mode: Most commonly fails open (does not detect oil level).

Impact: Oil starvation leading to compressor oil fill shutdown 

	➥ Initiate immediate alarm notification 
once a prolonged period of non-activity 
is detected from the oil level switch.

	➥ Implement timed pulse oil solenoid valve 
strategy: If no oil drain activity occurs 
for an extended period (user-defined), 
assume failure mode and activate timed 
pulse oil solenoid valve as a temporary 
measure until repair is completed.

	➥ Open solenoid 100% 

Mitigation Strategies:
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Adiabatic Pre-Cool Air Sensor (Adiabatic only)

Critical 
Sensor Points 
Guidance (cont.)

7
Location: Positioned between adiabatic pads and fin coil.

Failure Mode: Sensors fail open or does not read.

Impact: Loss of fan speed control leading to potential high-side pressure instabilities.

	➥ Immediately trigger an alarm notification 
upon detection of failure.

	➥ Switch control automatically to a redundant 
temperature sensor if available.

	➥ If sensor failure occurs, adjust condenser fan 
control logic to a fixed minimum setpoint. 
Recommend 60°F or consult OEM manufacturer.  

	➥ Compare readings against ambient conditions; if adiabatic 
pre-cool air sensor reading is above ambient temperature, 
trigger an alarm and switch control to redundant sensor.

	➥ Compare readings of redundant sensors, if 
difference is greater than 4°F, trigger an alarm 
notification for immediate action.

	➥ Install a combination humidity and dry bulb temperature 
sensor; or stand-alone wet bulb/dewpoint/%RH sensor 
along with a dry bulb sensor, and use the controller to 
calculate the expected entering coil temperature; compare 
calculated to actual.  This could also indicate bad sensor, 
plugged pads, bad fans, or no water type conditions.

Mitigation Strategies:
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Critical 
Sensor Points 
Guidance (cont.)

8A

	➥ Immediately trigger an alarm notification 
upon detection of failure.

	➥ If available, switch control automatically 
to a redundant temperature sensor.

	➥ If available, switch ambient and humidity 
sensors to redundant in case of failure.

	➥ Adiabatic pre-cool air sensor is available, 
turn on water when above 50°F. 

	➥ Look at discharge pressure or drain 
leg pressure as alternative and verify 
water is on if above 900 psig.

	➥ Control based on change in dT/dt 
outlet temperature sensor (if available) 
along with fan speed variation.  

Mitigation Strategies:

Ambient Dry Bulb Temperature Sensor 
(Adiabatic only)
Location: Positioned externally near gas cooler air inlet or condenser 
area for ambient air measurement (typically out of direct sunlight).

Failure Mode: Typically fails open (“no sensor found”).

Impact: Loss of water control to adiabatic pads.
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Ambient Dry Bulb Temperature Sensor 
(Dry gas cooler systems only)

Critical 
Sensor Points 
Guidance (cont.)

	➥ Immediately trigger an alarm notification 
upon detection of failure.

	➥ Switch control automatically to a redundant 
temperature sensor if available.

	➥ Compare readings of redundant sensors, 
if difference is greater than 4°F, trigger an 
alarm notification for immediate action.

	➥ Run temperature sensor wiring in conduit to 
installation point on the gas cooler to prevent 
degradation of sensor wiring due to UV.  
Reduce the number of wire splices required 
for the gas cooler outlet sensor. Ensure that 
any wire splices required are weather tight.

	➥ Default control logic to gas cooler outlet 
pressure measurement as primary control input 
for maintaining minimum or set pressure.

	➥ If sensor failure occurs, adjust condenser fan 
control logic to a fixed minimum setpoint. 
Recommend 60°F  or consult OEM manufacturer.  

	➥ Compare ambient temperature readings to 
local weather station data, if different by more 
than a predefined delta, trigger an alarm.

	➥ Consider using Resistance Temperature 
Detector (RTD) sensor in place of thermistor 
type sensor. Verify with system manufacturer 
on compatibility and best approach.

8B
Typical Location: Positioned externally near gas cooler air inlet or condenser 
area for ambient air measurement (typically out of direct sunlight).

Failure Mode: Typically fails open (“no sensor found”).

Impact: Similar to Adiabatic Pre-Cool Air Sensor (Adiabatic only), loss of fan 
speed control leading to potential high-side pressure instabilities.

Mitigation Strategies:
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To further support system reliability and reduce downtime risks associated with 
critical sensors, this document recommends industry-wide adoption of the following 
best practices:

•	 Spare Parts Inventory: Establish a standardized spare parts inventory at each 
site containing critical sensors identified within this guidance document. This 
inventory should be securely stored within the equipment room or designated 
area on-site. Contractors must replace any used components within 48 
hours after their use to maintain continuous availability of essential parts.

•	 Redundant Sensors: Where feasible, deploy parallel or redundant critical sensors 
on each refrigeration rack. This redundancy ensures seamless transition during 
primary sensor failures without operational interruption or significant downtime.

•	 Commissioning: Follow a commissioning plan that includes 
testing and inspection of the critical sensors.

•	 Critical Sensors Punch List: Develop a punch list that specifically 
calls out the critical sensors and of how the sensors should be 
installed, wired, insulated, or protected (leak detection).

•	 Preventive Maintenance: Establish a routine inspection and calibration 
check for all critical sensors to ensure long-term accuracy and reliability.

•	 Documentation & Trending: Maintain a log of all sensor 
installations, replacements, and alarms, and keep at least 12 
months of sensor trend data for troubleshooting.

Industry Best Practices 
Recommendations
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It is recommended that this guidance document be circulated widely within industry 
stakeholders for review and adoption as an industry best practice. Educational 
initiatives should accompany distribution efforts, including webinars, training 
sessions, and technical bulletins designed to inform technicians, contractors, and 
end-users about critical sensor functions and mitigation strategies. To facilitate 
widespread industry adoption:

•	 Distribute this guidance document widely among end-users, OEMs, contractors, 
and design teams.

•	 Integrate these guidelines into training sessions and educational materials 
provided by industry associations such as NASRC.

•	 Encourage manufacturers and end-users to incorporate these best practices 
into their standard operating procedures and specifications for new 
installations or retrofits.

•	 Promote field awareness by encouraging service technicians to review this 
guidance to reinforce proper sensor handling and diagnostics.

By following these recommendations, stakeholders can significantly enhance CO2 
transcritical refrigeration system reliability, reduce downtime risks associated with 
critical sensor failures, and promote overall industry resilience.

Industry Adoption & 
Education
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APPENDIX A – CRITICAL SENSOR LOCATION DIAGRAM
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