Continuous emission monitoring systems (CEMS) are used as a compliance tool to monitor flue gas for primary pollutants such as NOx and SO2, oxygen, carbon monoxide, and carbon dioxide among other constituents of the exhaust stack.  CEMS provide information for combustion control in industrial settings and are used as a means to document compliance with air emission standards, such as the United States Environmental Protection Agency's Acid Rain Program (40 CFR Part 75), other federal emission programs (40 CFR Part 60), or state permitted emission standards. Facilities use CEMS to continuously collect, record, and report the required emissions data.

A CEMS is all of the equipment necessary for determining gas or particulate matter concentration, exhaust gas flow rate, and mass emission rate. Using pollutant analyzer measurements, a data acquisition system is used to record the results in units of the applicable emission limitation or standard.  These components provide a continuous determination as to the compliance status of the source and excess of emissions based on EPA regulations or air permit in place.

The quality of CEMS data for assessing compliance with the emission standards on a continuous basis is validated as specified in the applicable regulations. Individual subparts of the EPA rules specify the reference methods that are used to validate the accuracy and precision of the CEMS under each program. Performance specifications are used for evaluating the CEMS at the time of its installation or soon after and at an interval as specified in the regulations.  Appendix F of Title 40 CFR 60 and Appendix B of 40 CFR Part 75 describe the minimum requirements of a site quality assurance program. The program includes periodic tests and audits that are used to evaluate the effectiveness of quality control procedures in place.  CEMS can alert the operator when an excess emission occurs or when it is approaching. The CEMS can detect the excess emission and generate an alarm, but a CEMS cannot provide an explanation as to the cause of the excess emission. At some facilities with improperly performing CEMS, an excess emission alarm is typically referred to an instrument technician to address the problem within the CEMS. 

CEMS data is rarely used by operators for real time optimization and process control.  These systems provide mostly a compliance monitoring function.  Alarms in a PEMS, or predictive emission monitoring system, like the CEMS, alert the operator about excess emission events.  Unlike CEMS, PEMS can show operators which process input parameters are not aligned with historical data or are correlated with higher levels of pollutant emissions.  If abnormal operating conditions are encountered, a PEMS can provide instantaneous alarms and assist in identifying the critical parameters that are not within the normal operating range. A CEMS cannot provide this capability.

When excess emissions occur, PEMS can direct operators to the process parameters that are abnormal. This allows the operator on shift to assess the status of the process using the PEMS against its historical data.  A PEMS can immediately report the difference between the current values and the value that was recorded when the unit was in compliance. This difference can also provide the operator with potential corrective actions to minimize or even avoid the pending excess emission event.
Given these and other advantages, of PEMS over CEMS, it is expected that PEMS will gradually become the preferred monitoring method for gas and liquid fired sources  regulated by 40 CFR. CEMS will, however, continue to be the dominant technology for compliance monitoring of combustion sources that are not readily modeled with modern PEMS technology such as coal fired boilers and municipal waste incinerators.

