






Continuous – Must be in operation whenever the plant is in operation (with a couple of exceptions). 

Emission – Gases, Particulates (dust) + temperature, pressure, water content, flow rate

Monitoring – data must be recorded, presented & reported to suit the operator and the regulator. 



Clean Air Act 1956

The Clean Air Act 1956 was an Act of the Parliament of the United Kingdom 

enacted principally in response to London 's Great Smog of 1952. 

The act was brought in following the 1952 London Great Smog disaster that 

claimed up to 12,000 lives.

Even today UK air pollution is estimated to cause 36,000 deaths each year.

The Clean Air Act is still in force today, alongside tbe Environment Act 2021.



EN 14181

Covers quality assurance of AMS, which includes CEMS. This is the legislation that most plant 

personnel will come in to contact with. QAL1, QAL2, QAL3 and AST.



EN 14181



EN 14181 – QAL1 (MCERTS within UK)

Certification showing the equipment complies with IED & MCERTS criteria.

Accurate

Correct measurement technique

Low drift

Little interference from pressure, temperature, voltage, etc

Valid for 5 years – usually renewed without retesting if analyser design hasn’t changed.

Certificate applies to all instruments made to that design. 

Provided a QAL1 Cert is in place when commissioned, should the certification lapse, the system 

remains compliant. 



EN 14181 – QAL2

Testing of the installed system against the standard reference method (SRM) for the given measurand 

Three day test per stream (one report per system)

If measurements match (with given tolerance) QAL2 Calibration function produced for each measurand

Must be carried out at least every 5 years

EN 14181 – AST

AST – Annual check that QAL2 is still valid. Failure of AST initiates a new QAL2

One day test



EN 14181 – QAL3

Regular check that the system is not drifting out of specification.

Each applicable measurand must be ‘zero’ tested and ‘span’ tested

This is a calibration check, not a calibration

Results are plotted on to a Shewhart Chart to highlight drift

CDAS has selectable pass/fail criteria built in

Measurement result is checked against SAMS value 

SAMS - Standard Deviation of Automated Measuring System)



Guidance

The Environment Agency (England), Natural Resource Wales, SEPA (Scotland) and NIEA (Northern Ireland) produce Technical Guidance Notes to assist 

with the application of the various directives, standards and norms that must be adhered to. These document provide plain English assistance and 

examples of how the legislation should be applied.

TGN M1 – Sampling requirements for stack emission monitoring

TGN M2 – Monitoring of stack emissions to air

TGN M20 - Quality assurance of continuous emission monitoring systems 

These used to be available as downloadable/printable PDF files. Unfortunately, they now exist as web pages, making it more difficult to keep a copy on 

hand for reference.



Compressed Air -

Instrumentation quality 

VOC (oil) free

<-20°C or better dew point

Power supply -

Constant

Stable

Compressed gases (calibration gases) -

Certified (EN ISO/IEC 17025*)

• Only relevant to single mixture in N2

• Gas mixtures, if used, should be certified to at least 2% of range at 95% 

confidence

Fuel gas (FID Fuel) -

• H2/He Mix



How to select CEMS

The following applies when selecting CEMS:

• the CEMS must be MCERTS certified for the measurands specified in the permit that require continuous monitoring

• the CEMS must be MCERTS certified for a range that is suitable for the application

• site and stack conditions do not reduce the performance of the CEMS to below the required standard

• the intended CEMS is proven on comparable installations

• all CEMS must have provisions to do zero, span and linearity tests after installation of the CEMS

• extractive CEMS must have the means for leak and response time checks, such as the provisions for applying test gases at the sampling probe



Location of the CEMS

Operators must follow the provisions for location and access described in EN 15259, Stationary source emissions – Requirements for the measurement 

sections and sites and for the measurement objective, plan, and report.

This enables them to determine the most representative location for the CEMS, according to the homogeneity test described in EN 15259. Operators 

must locate CEMS at a point where there is safe access and other provisions for the effective and continued operation of the CEMS, and where samples 

are representative of the emission.

The laboratory must assess the homogeneity of the stack before they carry out the QAL2. A homogeneity test involves taking grid measurements of the 

stack gas at centres of equal area across the sampling plane and comparing the results to a fixed reference point within the sampling plane. Additionally, 

locate the SRM and the CEMS (or its sampling location) so that they do not interfere with each other.

EN 15259 describes the requirements for locating sample ports used for the SRMs.



EN 14181 requires operators to have a systematic approach to managing and maintaining the CEMS, documented through procedures within an existing 

management system, such as those meeting the requirements of EN ISO 9001 Quality management systems – Requirements.

Procedures should include specific provisions for CEMS covering:

selection

maintenance and servicing

responsibilities and training of personnel

calibration, quality assurance checks and controls

records and data management

prevention of unauthorised adjustment of the CEMS and its data recording devices

maintaining availability – spares, contingencies, and back-up monitoring



Analysers

• Multigas analyzer

• FID monitor

• Dust monitor

• Wet oxygen monitor

• Temperature sensor

• Pressure sensor

• Flow monitor

Peripheral Equipment

• Sample probe

• Sample line

• Data Acquisition System

• A/D converters

• Calibration gases

• Hydrogen bottles

• Hydrogen Auto-changeover unit

• Hydrogen alarm

• Nitrogen bottle

• Compressed air



Measurement Techniques 

Extractive

Wet/Hot

Dry/Cold

Sample type Dilution

In the probe

In the 
analyser

Single

Double

Cross stack Point

Direct
(WET In sitiu) 

FTiR
FID

Dust

Flow



SpeciesTechnologyAnalyser

CO
SO2
NOx (NO + NO2)
HCL
NH3
CO2
H2O
Wet O2 (add-on)
+ more

Fourier Transform InfraredFTiR

VOC (hydrocarbons)Flame Ionization Detector 
(FID)

FID

Particulates (Dust)Forward Light Scatter Dust Probe

Flow/VelocityTime of Flight (Ultrasonic)Flow Probe

Wet O2Zirconium DioxideOxygen



MIR FT System Measurement Path 

MIR FT & CMIRFT PC
HoFi
BOX
(Filter)

Heated Line 
(filtered sample at 180°C)

CDAS PC

IVIS Unit
(I/O, calibration)

DCS

GR52M

Stack/Duct

QAL 181

SF400





Fuel (H2/He)

Air Sample



Flame OK

Sample press. 
(180-220mb)

Fuel press. 
(650-750mb)

Air press. (350-
450mb)

Catalyser temp. 
(350-450oC)

To start press 
SAMPLE

Before stop press ZERO for 
10 min.

Oven temp. 
191oC





1. Press cycle

2. Press Z.Ref

3. The analyser will perform a zero-
reference calibration and return the 
analyser to sample mode once 
complete.

* The Z.Ref can be set to run on the Z.Ref air 
inlet or via the sample inlet. The latter 
requires N2 to be injected into the system 
using CMIRFT.



1. Wait until the manifold automatically changes over. Then 

operate Duty Selection valve.

2. Close off the empty cylinder using the cylinder isolation 

valve.

3. Close valve 1 or 2 depending which side is being 

changed.

4. Vent off the excess pressure using the appropriate purge 

valve.

5. Change the empty cylinder for a full one ensuring the 

cylinder connection is tight.

6. Close purge valve.

7. Open the cylinder isolation valve and purge the line 

briefly using the purge valve.

8. Close purge valve.

9. Ensure the cylinder connection is leak free.

10. Open Valve 1 or 2 as appropriate. 

Your new cylinder will automatically take over when the current 

cylinder falls below 10 – 15 Bar.
Valve 1 Valve 2

Purge valve  2Purge valve  1

Duty selectionPressure reg

Outlet valve

As with all gas cylinder regulators, under BCGA best practice, regulators should be replaced (or refurb’d) at least every 5 years



Oxygen Cell – Zirconia sensorOxygen Cell – Zirconia sensor

If there is a difference in oxygen concentration between the two sides 
of the zirconia disk, a voltage is generated across the platinum 
electrodes

The voltage generated between the electrodes is a function of the ratio 
of the oxygen partial pressure and its temperature. 

Any change in the oxygen concentration of the flue gas produces a 
change in the cell output voltage.

Faults will appear on CDAS as common faults. The probe display 
should be consulted for further diagnostic information.

For the cell to function, it must be heated to over 700°C



Mg/m3

O2 %





Particles create scattering in ‘Interaction volume’

‘Cone’ of scattered light

‘Interaction volume’ is positioned in 
representative part of stack beyond 150 mm of 
wall effects   

Dust monitor



•It is very important that at any time the sensor is installed that the air 
purge (Flow 30 l/min) is connected and running.

•Provided the air purge is working the instrument will operate reliably

•Should the air purge be either not connected or running the optical 
surfaces will contaminate and the instrument will require maintenance 
(cleaning)

•The instrument’s automatic span and manual Audit Unit provide a 
robust check of any contamination 



Time of flight measured against 
stack flow

–
Time of flight with stack flow 

= stack velocity



• Ultrasonic

• Time of flight

• Measures velocity, from which Flow can be calculated



Extracts Sample

• Cleans sample - 2 stage filtration

•Maintains gas temperature to prevent gas losses

•Calibration to probe to validate complete system



HoFi Probe - Components





1: Interferometer
2:Oven (Gas cell)
3:Detector
4:Power supply
5:DSP board
6:Power board
7:Heated manifold

12:Vent fan
13:Detector cooling fan
14:Electronics cooling fan



FID

Sample 
inlet

Vent





Maximum 0.02



Start Measuring

Stop measuring - Cancel

Residual Alarm







H2O

CO2

VOC



H2O

CO2

VOC















Backflush mode (stand-by mode, system fault)

Zero mode (background, zero check)

Calibrate and zero







Residual Alarm
 Residual alarms on MIR-FT analysers, caused by a bad zero background calibration (or water calibration 

needed). Check N2 supply, check background shape on calcmet, start a new N2 Background calibration and 
re-start continuous measurement cycle.



1. Check compressed air supply to MDS driers.

2. Check hydrogen H2He supply and connect new cylinders 
when low.

3. Check nitrogen pressure (min 15 bar) and connect new 
cylinders, set outlet pressure to 2 bar.

4. Clean air conditioner filters.

5. Clean analysers inlet filters.

6. Keep room free of dust.

7. Carry out QAL3 procedures











Data 
Collection 

Module
Instrument 

Data

Data 
Visualisatio

n

Control Centre

Instrument 
Data



CDAS 
(master)

CDAS 
(slave)

CDAS 
(net)

Customer Network or Standalone CEMS Network

Calibration 
System

I/O 
Panel

MIR FT
(Standby

)

MIR FT
(Duty)

Remote 
Support





Data Collectors

• Talk to Instruments

• Communicate with Remote I/O

• Apply QAL 2 Functions

Data Processors
• Data Switches

• Relay Logic

• Maths

• Standard Formulae

• Calibration

• Bit to Word Convertors

• Limiters

• Latching Digitals

• Digital Combining



Channels

Collection of values, normally all linked in some way

• No Software Limit on the number of Channels

• Each Channel can contain any number of items

• Each Channel can be set to use a digital as a “Plant On” signal

Items

• Individual Correction and Alarm Settings

• Can take data from any Data Collector or Processor



Standard Conditions

The Environmental Permit requires all gas concentrations to be standardised to the following 
conditions:

• Ambient pressure 1013 mbar

• Temperature 0oC 

• Dry gas

• Reference oxygen level



Data Stages & File Types

CDAS stores data at various stages. The are generated in the following sequence:

• Raw Data Files (.CRAW)

Raw data files contain the raw data as read directly from the instruments.

• Calibrated Data Files (.CCAL)

Calibrated data files contain the data after any EN 14181 calibration adjustments have been made to the data. Y=AX+C

• Corrected Data Files (.CCOR)

Corrected data files contain data after the values have been corrected to standard conditions.

• Adjusted Data Files (.CADJ)

Adjusted Data files contain the final data after the confidence interval has been applied to any items that require it.



Long Term Averages

Averages calculated for five pre-set time periods:

• 10 minute

• 15 minute

• 30 minute 

• 1 hour*

• 1 day*

Three types of average are available for each one.

• Rolling Averages

• Current Fixed Average

• Last Fixed Average



Access to CDAS

There are four levels of access to CDAS:

• CDAS Default User

Default User Logged in When Program Starts

• User

Lowest level of named user access

• Operator

Access to all areas, except system critical settings

• Administrator

Full access to all settings



Data Security

CDAS Data Files

• Stored on Main PC 

• Never Deleted

• One File per day per calculated value

• Encrypted (Triple DES) and flagged as read only

• Automatic back up on the PC in second data folder

• Options to back up to other locations



On Screen Elements

Grids

- Current Values of Averages

Graphs

- Trend Historical Data (up to 2 days)

Gauges

- Customisable view of one average

Digital Indicators

- Status of Digitals

Screen Configurations

- Method of saving current screen layout



On Screen Elements



On Screen Elements



On Screen Elements



On Screen Elements



Screen Configurations

The Old Way The New Way



For each average on each measured value

• High High Alarm

• High Alarm

• Low Alarm

• Low Low Alarm

Effects of alarms

• Entry in the Alarm Log

• Audible

• Energise a relay

• Cell changes colour on Grid

• Send SMS Messages



Current Alarms

Historical Alarms



Reports From Main CDAS Program

Daily reports

• Print automatically

• Preview today's report

• Reprint yesterday’s report

Period reports

• Print automatically

• Based on CDAS Report Templates

• Available for Reporting intervals other than Daily

Reports From CDAS Report

Variety of pre defined reports

• Day Reports

• Month Reports

• Annual Reports

• Mass Reports

• Percentile Reports

Agency Reports

• EA/SEPA WID Monthly

• EN 14181 QAL 2 Weekly Distribution

• EN 14181 QAL 3 Shewart/CUSUM



Running a new report



Running a new report



Running a new report



Running a new report Templates

• Templates can be used to store settings from a wizard 

• Templates are specific to their Wizard

• More than one template can be saved for each report 

type



QAL2 

• Calibration of Instrument to SRM instrument

• Each Species on each analyser gives a calibration 

formulae in the form y = mx + c 

• Within CDAS m and c values are entered.



QAL3 

A check to ensure analysers are still working as 

intended

For each gas on an analyser

• Perform a Zero Check

• Perform a Span Check

• Produce a control chart to check if gas is out of 

control

• If out of control, take correcting action

QAL3 Report Types 

• Shewhart

• CUSUM (Cumulative Sum)

• Summary of Zero and Span Results

• EWMA (Exponentially Weighted Moving Average)



Computer Controlled QAL3 

• Software is configured to run a test at fixed intervals

• Instructs instrument to span and zero each gas in turn

• Records the Zero and Span values to file

• Generates Control Charts to determine if instrument remains within Control Parameters



QAL3 Span & Zero Check

Software control of the QAL 3 process

• Fully Automatic

• Semi Automatic

• Manual 

• Automatic Report Generated

End of Test Determination

• Statistical Analysis of Data Points to Determine if Plateau has been reached

• Not Dependant on Expected Span Value

• All the Tests Data is logged to a Separate File



QAL3 Span & Zero Check





QAL3 – Shewhart Chart Examples



QAL3 – Shewhart Chart Examples



Starting a Manual Test

To start a Manual test follow the following steps.

• Log into CDAS as an administrator

• Select View – DCS

• When the DCS Window appears select View – Instruments \

• Click on the instrument in the list you want to run a test for

• Click on the Run Calibration Now button, this will cause the normal 

window to appear on the main copy of CDAS Elite to confirm the start of a 

test.

• Click on Perform Tests on the confirmation window 



QAL3 Settings



QAL3 Settings



QAL3 Settings





What to do if a QAL3 fails…..

Don’t panic!

A failed QAL3 does not mean you have to come offline/shutdown

Check the basics – Were the gas bottles connected correctly? Correct outlet pressure? (2 bar)

Sufficient flow to analyser? (3lpm)

Have you recently changed bottles? 

Has maintenance recently been carried out?

If none of the above solve the issue call the service provider and ask them to investigate. 

The QAL3 failure may indicate that a part is failing or that maintenance is required.




