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 Overview 

l  Relevant standards and legislation regarding stationary source 
monitoring- A South African perspective 

l  When do we need to sample? 
l  AMS Calibration principles 
l  Data set from a BS EN14181 report 
l  Question and answer session 



Relevant Standards used in 
South Africa 

l  No specific South African standards as yet set for 
source sampling  

l  The National Air Quality Act No.39 of 2004 Section 
21 regulations utilise recognised international methods 
and standards 

l  Need to review methods or standards to ensure 
applicability to the South African context 

l  A major shortcoming of the current legislation is the 
lack of a hierarchy of appropriate methods as per UK 
Environmental Agency Technical Guidance Note:  M2 



Methods Commonly Used 

l European Committee for Standardization (CEN) 
–  European EN Standards 

l Environmental Protection Agency (EPA) 
–  US EPA Methods 

l British Standards Institution (BSI) 
–  British Standards 

l  International Standards Organization (ISO) 
–  ISO Methods 

 



When Do We Need To Sample 
l  To demonstrate compliance with  stack emission 

permits  for scheduled / listed processes   
l  To acquire information for process design and control 

purposes 
l  To determine efficiencies of pollution control 

equipment (performance guarantees) 
l  Dynamic calibration and correlation of on-line 

continuous emission monitors (CEMS) 
l  To provide data for dispersion modeling 
l  To provide data for health risk assessments 



Particulate emissions from a source are sampled  
isokinetically using a US EPA Method 5 sampling train.  

 The collected sample is analyzed to determine the  
pollutant concentrations 



Method 5 sampling train 

Components: 

 

Probe Assembly 
Heated Filter Compartment (Hot Box) 
Condenser Unit (Cold Box) 
Umbilical Cable 
Metering Console with Pump 

  



Schematic of EPA Method 17 
Flex Sample Train 



 
Automated Monitoring System 
(AMS) Calibration Principles  

    
   Quality assurance of continuous emission monitoring systems U.K. 

Environment agency Technical Guidance Note M20 – application of BS 
EN14181 and BS EN 13284-2)   

l  The primary role of this Technical Guidance Note (TGN) is 
to provide guidance on the application of European 
Standard BS EN14181, Stationary source emissions – 
Quality assurance of automated measuring systems and a 
supporting standard, BS EN 13284-2, Stationary source 
emissions – Determination of low range mass concentration 
of dust – Part 2/Automated Measuring Systems  

l  NB - The above standards utilise the term automated 
measurement system AMS instead of the term CEMS  



TGN: M20 - introduction    
l  The guide summarizes the requirements of BS 

EN14181 and BS EN 13284-2 and provides guidance 
on how to perform each of the required tasks 

 
l  The TGN should always be read in conjunction with 

these standards and the relevant method 
implementation documentation. 

 
l  Currently no equivalent guidance documents In 

South Africa, the adoption and or development of 
which needs urgent investigation by the relevant 
authorities 



TGN: M20 – Regulatory Framework 
and standards for monitoring    

l  The BS EN14181 and BS EN 13284 documentation 
and standards are relevant to all plants that fall under 
the European directives for the incineration of waste 
(WID) and Large combustion plants (LCPD). 

 
l  TGN M20 was revised during the course of June this 

year as the WID and LCPD have recently fallen away 
and been replaced by the Integrated Emission 
Directive(IED) 

  WHY IS THIS IMPORTANT? 



TGN: M20 – Regulatory Framework 
and standards for monitoring    
  WHY IS THIS IMPORTANT? 

l  Monitoring under the WID and LCPD / IED must be 
performed according to the requirements of CEN 
standards, or ISO, national or other international 
standards if CEN standards are not available. 

l  The standards are stated in TGN M2 
l  South Africa has not formally adopted this TGN or 

developed it own 
l  The IED directive specifies requirements for 

monitoring accuracy and precision through 95% 
confidence intervals 

 



TGN: M20 – Scope and Structure of 
BS EN14181    

l  BS EN14181 applies only to CEMs used for 
compliance monitoring and permanently installed at 
IED, (formally WID and LCPD) installations  

 
l  It does not apply to portable CEMs  or installations 

outside of the directives 

l  BS EN14181 specifies three quality assurance levels 
(QALs) and an annual surveillance test (AST) 

Namely: 
l  QAL 1, QAL 2, QAL 3 and AST 



TGN: M20 – Scope and Structure of 
BS EN14181    

   QAL 1 
A procedure to demonstrate that the CEM is suitable for 
the intended purpose before installation, by meeting the 
required performance standards and the uncertainty 
allowances specified in the EC Directives 
 
NB: South Africa does not have equivalent directives 
at this present moment in time! 
 
  



TGN: M20 – Scope and Structure of 
BS EN14181    

   QAL 2 
A procedure to calibrate the CEM once it has been 
installed, using standard reference methods(SRMs) and 
then verify the required uncertainty allowances, once 
installed. 
 
NB: South Africa has not established it’s own 
uncertainty allowances as required by the standard 
 
  



TGN: M20 – Scope and Structure of 
BS EN14181    

   QAL 3 
A procedure to maintain and demonstrate the required 
quality of the CEM during its normal operation by 
checking the zero and span readings. 
 

   AST 
A procedure to evaluate the CEM to show that it 
continues to function correctly and the calibration is still 
valid.  
  



TGN: M20 – Scope and Structure of 
BS EN14181    

  



TGN: M20 – Scope and Structure of 
BS EN14181 – QAL 1    

l  First level of quality demonstrates the potential 
suitability of the CEM before it is installed on a stack. 
In England and Wales MCERTS product certification 
at an appropriate certification range is taken as 
evidence of compliance with the QAL 1 requirements. 

l  CEMs must meet certain performance requirements 
evaluated under the UK Environmental Agency’s 
monitoring certification scheme (MCERTS) 

l  Once the CEM’s have been installed the unit must 
have the means for: tests for linearity; zero and span 
drift and leak checking the entire system 

 
 
  



TGN: M20 – Scope and Structure of BS 
EN14181 – QAL 1    

l  The IED specifies uncertainty allowances expressed as 95% 
confidence intervals – Table 2 shows a selection of daily 
average ELV’s including certification ranges and allowable 
uncertainties (NB - No South African Equivalent) 

  



TGN: M20 – Scope and Structure of BS 
EN14181 – QAL 2    

l  QAL 2 procedures are carried out when: 
l  The CEM is installed 
l  At least every 3 – 5 years as per applicable directive 
l  NB South Africa has no guidance documentation 

on the frequency of calibration! 
l  Whenever there is a significant change in the plant 

operation which changes the emissions 
l  After a failure of the CEMs unit  
l  After a significant upgrade or other significant change 

to plant operations 



TGN: M20 – Scope and Structure of BS 
EN14181 – QAL 3    

l  The QAL 3 procedure ensures that the CEM remains 
within the required specifications during continued 
use. 

l  Drift and precision is measured regularly by the plant 
operator 

l  The data is then plotted utilising control charts eg. 
CUSUM charts. 

l  The outputs of these charts will then determine the 
frequency of the CEM maintenance needed. 



TGN: M20 – Scope and Structure of BS 
EN14181 – AST    

l  The annual surveillance test (AST) is a mini-QAL2 
test. 

l  Main objective is to determine whether the calibration 
function determined during the QAL2 tests is still 
valid. 

l  Functional tests need to be conducted 
l  3 – 5 parallel SRM measurements are conducted 
l  If the AST shows the calibration function is no longer 

valid then a full QAL2 is required. 



TGN: M20 – Role, responsibilities and delegation of 
responsibilities    



TGN: M20 – Role, responsibilities and 
delegation of responsibilities    



TGN: M20 – Calibration and Validation 
of the CEM (QAL 2)  

l  To ensure that CEMs are calibrated and operating 
correctly the following tasks need to be carried out; 
–  A set of functional tests and checks to ensure that the CEM 

has been installed correctly and is functioning at or better 
then the required performance levels 

–  A set of repeated parallel tests (minimum of 15 valid 
measurements) using SRMs to verify whether the readings 
from the CEM is reliable, and to derive a calibration 
function if the SRM data shows that there is a bias in the 
CEMs readings 

–  A set of statistical operations and tests following the parallel 
reference tests, to verify whether the CEMs meets the 
uncertainty budgets set out in the relevant directive 



TGN: M20 – Calibration and Validation 
of the CEM QAL 2 –  

Location of the CEM 
–  Operators should follow the provisions for location and 

access described in TGN M1 and the MID for EN15259 in 
order to determine the most representative location for the 
CEM according to the homogeneity test described in EN 
15259 

–  The MID for EN 15259 describes a procedure to determine 
whether the sample will be representative.  

–  Grid measurements of the stack gas are conducted at centers 
of equal area across the sampling plane and comparing the 
results to a fixed reference point within the sampling plane  

 



TGN: M20 – Calibration and Validation 
of the CEM QAL 2 – Location of the 

CEM, equal area  points 



TGN: M20 – Calibration and Validation 
of the CEM QAL 2 – Location of the 

sampling ports – BS EN13284 and 15259 



TGN: M20 – Calibration and Validation 
of the CEM QAL 2 – Example of a 

suitable location 



TGN: M20 – Calibration and Validation 
of the CEM QAL 2 – Example of an 

unsuitable location 



TGN: M20 – Calibration and Validation 
of the CEM QAL 2 – Functional tests 

 l  The test laboratory shall have overall responsibility for 
the functional tests, the checks may however be 
carried out by the Operator, CEMs supplier or test 
laboratory and include the following checks; 
–  Alignment and cleanliness 
–  Sampling system integrity 
–  Leak test 
–  Manual zero 
–  Span check 
–  Linearity 
–  Interferences 
–  Response time 



TGN: M20 – Calibration and Validation 
of the CEM QAL 2 – Verification and 

spread of data 
 l  Based on three premises 

–  There is a spread of data over the required range of the monitoring 
system 

–  There is a linear relationship between the CEM data and the SRM data 
when both sets of measurements are valid 

–  The SRM is linear accurate and precise 

–  NB EN14181 works best when there is a good spread of data over 
the required full working range ! 

–  However in practice it is common for emissions to be clustered 
  



TGN: M20 – Calibration and Validation 
of the CEM QAL 2 – Verification and 

spread of data 
 l  Typical emission patterns that test laboratories encounter 

–  A linear spread of data across a wide range utilising a linear regression 
curve 



TGN: M20 – Calibration and Validation 
of the CEM QAL 2 – Verification and 

spread of data 
 l  Typical emission patterns that test laboratories encounter 

l  A high level cluster 



TGN: M20 – Calibration and Validation 
of the CEM QAL 2 – Verification and 

spread of data 
 l  Typical emission patterns that test laboratories encounter 

–  A low level cluster – typically encountered on plants with highly 
controlled emissions 



TGN: M20 – Calibration and Validation 
of the CEM QAL 2 – Verification and 

spread of data 
 l  Typical emission patterns that test laboratories encounter 

–  NB: If the emissions are typically below 30% of the ELV then 
EN13284-2 for particulate monitoring CEMS allows the number of 
parallel tests for a QAL 2 be reduced from at least 15 measurements to 
three or five sets of parallel measurements, and for an AST, from at least 
five to three to five repetitions. The total time of which be at least 7.5 
hours, however in certain circumstances such as batch process 
operations the times may be reduced in consultation with the operator 
and regulator justifying the request for reduced sampling.   



TGN: M20 – Calibration and Validation of the 
CEM QAL 2 – Monitoring strategy 

 
l  .   



Flow diagram for the 
calibration and variability tests 

TGN: M20 – Calibration and Validation of the 
CEM QAL 2 – Monitoring strategy 

 



l  Parallel measurements shall be performed with the AMS and 
SRM in order to calibrate and validate the AMS by use of an 
independent method e.g. BS EN13284-2 

l  NB: It is not sufficient enough to use reference materials alone 
to obtain the calibration functions and this is therefore not 
permitted.  

l  Reference materials do not replicate sufficiently the matrix stack 
gas! However may be utilized to extend the valid calibration  
range of the AMS which is typically 10% above the highest 
value measured with the SRM during the QAL 2 calibration 

l  NB The test laboratories shall be accredited to BS EN14181 in 
addition to 17025 accreditation for the appropriate test methods 

TGN: M20 – Calibration and Validation of the 
CEM QAL 2 – Parallel measurements with an 

SRM 
 



l  Key Points 
–  Only test laboratories accredited to ISO17025 for the MCERTS 

performance standards for manual stack monitoring for the applicable 
SRMs may perform the reference monitoring tests in QAL2 and AST 

–  The SRMs are prescribed in TGN M2 
–  The SRM data should have a wide spread over the measurement range, a 

low scatter and show a linear response 
–  The calibration function within QAL2 and the AST are based on the 

premise that the SRM is sufficiently accurate and precise, as well as 
producing an adequate spread of data over the applicable range 

TGN: M20 – Calibration and Validation of the 
CEM QAL 2 – Parallel measurements with an 

SRM 
 



TGN: M20 – Calibration and Validation of the 
CEM QAL 2 – Establishing the calibration 

function and the test for variability 
 l  The calibration function is given by the following equation: 

  
 

 Each measured signal Xi  of the AMS shall be converted to a 
calibrated value Yi by means of the above calibration function 

 



l  In carrying out the analysis the following steps are required: 
–  Tabulate the CEM and SRM data 
–  Express the raw SRM data in the same conditions as the CEM data (i.e 

either dry or wet and standard temperature and pressure 
–  Plot the CEM data and SRM data together 
–  Assess whether there are any outliers 
–  Calculate the calibration function – A valid calibration function is a 

correlation coefficient of the linear regression line of R2 = 0.9 or more 
–  Establish the calibration range (should cover the ELV) 
–  Convert the data to calibrated and standardised values  
–  Carry out the variability test 
–  Apply the calibration function 

TGN: M20 – Calibration and Validation of the 
CEM QAL 2 – Establishing the calibration 

function and the test for variability 



Data set from a calibration report based on 
EN14181 for a typical coal fired power plant 

in South Africa  



Data set from a calibration report based on 
EN14181 for a typical coal fired boiler plant 

in South Africa  



Take home points 
l  No specific technical guidance notes developed 

for South Africa – needs urgent review 
l  Test laboratory to be ISO17025 accredited for 

applicable SRM’s and EN14181 
l  No monitoring certification scheme such as 

MCERTS in South Africa 
l  Hierarchy of methods needs to be established 
l  Guidance from the regulator needs to be 

formalised to address short comings in the 
legislation 



Question and Answer Session 


