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Opacity
Menitor

Flow Control
Panel Data Acquisition

Gas J
Sampling 4
Probg _g#

Gas
Cylinders |:5:

Pump
Chiller

A continuous emission monitoring (CEM) System.



Analyser Control Unit

PULSI 200LR
Analyser
z Up to
—_ | 16/4-20mA
— outputs to
chart recorder

Serial Link

Auto

Verification Unit Serial Link

conforming
- to Modbus
E-EF: Protocol

e ————] —

Alarm relays
—df (up to 8)

Instrument Alr =—— Mains

Supply
Certified
Test Gas 80% FSD
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SAMPLING SYSTEM |. onrRE e | T DAMS .. HARDWARE
3 ANALVZERS - [) CONTROLLER |  GOMPUTER" . | A

e el CEM System
= ] Display ;
Data GEM Systesh ;| Coltectlon ‘\?Recording Unit 1
Generation Control | yan?;:?au_qg; - Reparting Local Area Network

\ S ide Area N rk
v H/_J Wide etwol
% ¥ FUNCTION Intranet
S
Data Transfer ‘U Internet
DCS, LAN, WAN, Infranet, Internet, Agency remote access j
CEM system control and data acquisition and handling: functions. =% i
s Datalogger
CEM System .
Process Control Optimization Unit 2 Printer
! L] S

CEM System Control

INPUT — CONTROL———» DATA HANDLING ————— COMMUNICATION

I ™
Analyzer Data ——»] ———————= Reporis

Example CEM system DAHS for two operating units.

CEM System Status —a] DAMS

Computer

Interface — Plant\Corporate Communications

—— Process Data ———|

[———— Agency Communications

. Functions:
. Data Acquisition
Data Manipulation
Data Display
Data Recording :
Daia Reporting : Ay EEmy 6
Data Communication :

Functional aspects of a CEM systern DAHS: Summary.
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?EEHRJQ%Z}EZZHBZ (SEEA
Sample probe

Probe blowback

Sample line

Valves and fittings

Pressure and vacuum meters
Moisture conditioning system
Filters

Pumps

Cabinets or shelters

10 System controller %/ H S CEMS

11. Electrical support .
12. Calibration gases T KO0 AU e

Heated
sample line

Heated
analyzer

A hot/wet CEM system without sample conditioning.
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A coel/dry CEM system with conditioning at the probe. Heated

sample line

A cool/dry CEM system with conditioning at the CEM system shelter.

(K B /i CEMS KB /B CEMS
ERTR)AE U= S Shleterz HH
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A dilution probe CEM system.

Qut-of-stack
difution unit Unheated

Unheated
sample line
MW”’"““"”"""@Q;_M

Plant Air cleanup Plant Air ;;?:rr:\up
air
At (S An external dilution CEM system.
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Polyurethane
An umbilical assembly. Jacket

Silicone
rubber

Power
cables {2)

\— Thermal

insulation

Calibration
gas line

\ Thermocouple
Heating

element

Compressed air Insulation

Sample line

vl
A

Seh FHE (.
jJ I:[ :‘:}LTA ’Hﬁ' Callected
RN water
Refrigerated condenser moisture removal system with a secondary chiller under

N A N\ J< [
2 R ER7KES
positive pressure.
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Sample
flue gas

Dry gas
to analyzer

Vacuum jacket

Cooaling

Cooling

To condensate trap

Impinger (Jaminar heat exchanger) used with a Peltier cooling system.
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A permeation dryer assembly.
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DISCRETE
ANALYZERS

CEMS 4 ¥ £ g

MULTIGAS
MODULAR ANALYZERS

External System
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Sensing
Monitor head olume

or transceiver

“"Support tube

Point in-situ CEM systern.
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Blower

Path single-pass in-situ CEM system.
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HEZC (In-Situ) £.4

Lamp E

Detector

Path double-pass in-situ CEM system.
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P stagnation
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P stagnation
o

Stagnation

pressure Static
pressure :
] i L. Velocity
Differential pressure monitoring. pressure
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Signal
Processor

v 1 (1 1 )
8= — - —
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Downstream

Recelver 2 IR Energy Pulse
........... >

Purge Air . :

g : At

Infrared Radiation : :
Upstream
Recsiver 1
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Purge Air

Time-of-flight monitor sensing flow eddies.
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Definition
UNECE any organic compound which is emitted from non-natural processes and

USEPA

LRTAP

WHO

has a photochemical ozone creation potential (POCP). The Agency
interprets this as any organic compound released to the atmosphere from an
operator’s plant or process, excluding releases of naturally produced VOCs
from within the plant boundary and methane.

any compound which contains carbon and has a vapor pressure of at least
0.01 kPa at 20°C, while it defines a semi-VOC as an organic compound
with a vapor pressure between 102 and 10-® kPa and a non-VOC is any
organic compound which has a vapor pressure less than 10-8 kPa. Methane,
carbon monoxide, carbon dioxide and ions of carbon with oxygen are
excluded from this definition.

The Long Range Transport on Air Pollution Protocol (LRTAP Protocol)
defines VOC:s as all anthropogenic organic compounds (except methane)
that are capable of producing photochemical oxidants by reactions with
nitrogen oxides in the presence of sunlight.

The World Health Organization (WHO) defines organic compounds
according to their boiling points (Next slide) and does not just cover VOCs



WHO #VOCsA %5 j2 +

\ery volatile organic
compounds

\olatile organic
compounds

VVOC <0...50-100

VOC 50-100...240-260

Semi-volatile organic

SVOC 240-260...380-400
compounds

Particle-bound organic

POM > 380
matter
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e BSEN 12619 (p #+) for monitoring TOC using a over a

range of 0-20 mg.m>. This standard was developed for
monitoring emissions from incineration processes.

e BSEN 13526 (p #+) for monitoring TOC over a range of

N_ENN mMn m- -3 Thlc ctandard wac dn\lnlnnod 'Fnr
U-JuUV I114.i . LTS Sdihiudiu Vas UcvciUpcu 11U

monitoring emissions from processes which use solvents.

e BSEN 13469 (= #) for monitoring speciated VOCs from
processes which use solvents.

22
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e as Total Organic Carbon (TOC), which is the
concentration of carbon in the gas stream, and

usually expressed in milligrams per cubic meter
(mg.m-);

e as TOC expressed in terms of the equivalent
concentration of a specified VOC, such as methane;

o the sum of the concentrations of specific,
Individual VOCs in a sample.
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e Non-specific detectors based on ionization and oxidation (for
TOCQC)
e FID
e PID
e ECD
o Catalytic oxidation

e Specific detectors - spectroscopic methods (for VOCs)
GCIFID

PR A7 VLY e

Mass Spectroscopy
Non-Dispersive Infrared (NDIR) detection

Fourier Transform Infrared (FTIR)

Photo-acoustic Infrared (PAIR)

Differential Optical Absorption Spectrometry (DOAS)
Laser Detection and Ranging (LIDAR)
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HEATED LINE & PUMP
PUMP SUPPLY VOCE  METHANE
HEATED BYPASS
VALVE
| NON-METHANE B
VOC CONVERTER ® FLAME
RESTRICTOR
AIR CATALYTIC
— | AIR CLEANER
ELECTRO-
METER
FLAME
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Measuring Principle




How does the NMHC work? -

B S I PSSP TN Converter

Sample gas:ioinin e e - Exhaust
inlet AR ffffff RN Cllefe) ~0 outlet

O Switch-over time: 10 - 120 s



Multi FID 14 NMHC

25,1 HC
| - mgC/m?
0 50

Multi FID 14 NMHC

49 CH,
| - mgC/m3
0 50

Multi FID 14 NMHC

202 NMHC
| - mgC/m3
0 50



Gas Chromatograph (GC) eoos

INJECTOR

CHROMATOGRAM

RESPONSE | ‘ ‘ ‘

RETENTION TIME, MIN.

BEREEN OR
(FID, TGD,
ECD, MS)

ﬁ INTEGRATOR

SEPARATION

DATA

DETECTION
CTIO ACQUISITION



Theory of Gas Chromatography

SEPARATION

STATIONARY LIQUID

PHASE UL UIVII
HIGH SOLUBILITY LOW SOLUBILITY
LOW VAPOUR PRESSURE HIGH VAPOUR PRESSURE




On-line systems for VOC monitoring

Detection principle Potential interferences

Extractive non-
dispersive infra-red
(NDIR)

Other IR absorbing compounds,
water, particulates

Extractive flame
lonization detector

None as such, but this is a total
VOCs method and the

(FID) composition and relative
response factors of the
compounds must be known

Extractive Ammonia, reduced sulfur

photoionization
detector (PID)

compounds, water vapor

2011/10/06

Notes

Only as an indication. Targets specific
VOCs and uses these as indicator
species. Can be used to monitor
total VOCs if the compounds and
their proportions are known

Operates at 180-200°C so the
technique can handle source
gases. Need to remove
particulates, use a heated by-pass
and a helium-hydrogen mixture

Not usually a heated system, so it is
only applicable to some unheated
dry processes where the VOCs are
at ambient or near-ambient
temperatures. On-line technology
Is still developing

31



On-line systems for VOC monitoring

Detection principle

Cross-stack UV/IR
(DOAS)

Gas-chromatography
coupled to FID,
PID or other
detectors

On-line mass
spectroscopy

Extractive photo-
acoustic IR

Extractive Fourier

trapsigsm IR

Potential interferences

Depends on process and
gases measured

Compounds can co-elute
depending on species
mixture and column
used

Some interference in
mixtures with 10 or
more compounds

Other IR absorbing
compounds, water,
particulates

Particulates

Notes

Selective for certain VOCs due to absorption
frequencies. Useful for some aromatic
compounds and formaldehyde

Can separate compounds to produce specific
concentrations. Not a true continuous
method. Conditioning necessary in many
cases

A continuous method for some very difficult
VOCs. Taking over from gas
chromatography systems in a few cases

More specific and less prone to interference
than ordinary NDIR. Technology has
enormous potential but its application is
still not widespread

Eliminates interferences associated with
other forms of IR analysis. Technolqgy
has great potential but it is still developing
for on-line applications
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Method 25

Method 25A

Method 25B

Method 25C

Method 25D

Method 25E

2011/10/06

Determination of Total Gaseous Nonmethane
Organic Emissions as Carbon

Determination of Total Gaseous Organic
Concentration using a Flame lonization Analyzer

Determination of Total Gaseous Organic
Concentration using a Nondispersive Infrared Analyzer

Determination of Nonmethane Organic Compounds
(NMOC) in Landfill Gases

Determination of the Volatile Organic Concentration of
Waste Samples

Determination of Vapor Phase Organic Concentration
iIn Waste Samples

36
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NIEA A433.71C 40CFR60 Method 25
40CFR60 Method 25
40CFR60 Method 25A

NIEA A723.72B
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e THC-FID (NIEA A433.71C) : THC
o GC-FID (NIEA A723.72B) : THC/NMHC/CH,
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Performance Specification for Volatile
Organic Compound Continuous
Emission Monitoring Systems in
Stationary Sources

PS8

Specifications and Test Procedures for
PS8A Total Hydrocarbon Continuous
Monitoring Systems in Stationary Sources

Specifications and Test Procedures for
Gas Chromatographic Continuous
PS9 . e .

Emission Monitoring Systems In
Stationary Sources "
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- PRI
2, SO,. Part 60,
NOy Appendix A
8, Total Part 60,
VOCs Appendix A
oo I Part 60,
CENE: Appendix A
VOCs =
Part 266,
BIF, THC Appendix IX
SS
(Sewage Part 503,

Sludge)o11/10/08ubpart E
THC

7
AN e

TP
o

Calibration Drift

7 day test
2.5% of span

Same as PS2

N/A

7 day test
3% of span
Annual Test

7 day test zero
and span within
6%

=N\

=(CENA
\ g E

J

1vi

Calibration Error

N/A

N/A

7 day test 3
injections at three
levels

Precision and
Linearity r2 =
0.995

CE<10% for all
levels

5% of span for all
calibration points

Zero within 5 ppm
Mid- and span
within 10 ppm

+10% criteria

N/A

N/A

V3
QM 55 1B 55 1L
Relative Response Time
Accuracy
+20% of
Reference
Method or 10% M
of standard
Same as PS2 N/A
Performance <5 minutes
Audit during CE o a5 specified
testing

120 seconds
for 95% step
change

200 seconds
for 90% step
change

Zero and span drift
within 2X’s PST
before required
adjustment

Same as PS2

Triplicate mid-level
calibration checks
must be within
10% of certified
value or repeat
initial 3-point
calibration

Zero and span drift
<3 ppm

Same as PS2
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e BSEN 12619 (p #+) for monitoring TOC using a over a

range of 0-20 mg.m-3. This standard was developed for
monitoring emissions from incineration processes.

e BSEN 13526 (p #+) for monitoring TOC over a range of
0-500 mg.m-3. This standard was developed for monitoring
emissions from processes which use solvents.

e BS EN 13469 (+ #+) for monitoring speciated VOCs from
processes which use solvents.

2011/10/06 41
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Type of Technique/ Standard Strengths/ applications / limitations
monitoring principle Method
Extractive FID analyzer BS EN 12619 Validated on waste incinerators. High specificity
CEMs to VOCs. Developed for incinerators. Different
response factor for each VOC species. Suitable
for low ranges of VOC Concentrations (0-20 mg
m-3). Interference from oxygen (reduced by
mixed H,/He fuel).
FID analyzer BS EN 13526 Extensively validated for solvent processes.
High specificity to VOCs. Different response
factor for each VOC species. Suitable for VOC
Concentrations up to 500 mg m=3 .
Periodic Extractive sampling | BS EN 12619 As above for CEMs.
instrumental and FID analyzer
techniques
Extractive sampling | BS EN 13526

2011/10/06

and FID analyzer
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Type of
monitoring

Technique/ principle

Standard/
Method

Strengths/ applications / limitations

In situ/ cross-duct
CEMs

DOAS

Extractive CEMs

Continuously-cycling GC
with appropriate detector
(FID, ECD)

FTIR analyzer

NDIR analyzer

None published

Can measure certain specific Organic compounds, e.g.
benzene, toluene and xylene. Benzene typical range 0-1,000
mg m=3, LOD 1 mg m3; toluene typical range up to 1,000 mg
m-=3, LOD 0.5 mg m3; xylene typical range up to 1,000 mg
m=3,LOD 1 mgm=.

Can measure virtually any individual Organic compounds,
many simultaneously. Not truly continuous, but successive
measurements in cycles of about 30 minutes. LOD typically
1 ppm.

Can measure many individual Organic compounds
simultaneously, with better specificity, LOD (at ppb level) and
better response than NDIR.

Can measure many individual Organic compounds, but only
one at a time. Instrument must be set up specifically for the
determinand of interest. Interferences from H20 and other
species with overlapping spectra.

Periodic manual

Extractive sampling onto

BS EN 13649

Developed for solvent processes. Applicable to a wide range

techniques sorbent, solvent extraction of aliphatic and aromatic VOCs (refer to standard). Useful in
and analysis by GC with areas where intrinsically safe equipment must be used. Only
appropriate detector VOCs that adsorb onto activated charcoal may be sampled.
Suitable for range 0.5-2,000 mg m-3. Can be sampled
directly or using dilution to avoid condensation.
Periodic Extractive sampling and US EPA Method | Can measure virtually any individual Organic compounds,
instrun#9A4{410/06 portable GC with 18 many simultaneously. Not truly continuous, but succéssive
techniques appropriate detector (GC- measurements in cycles of about 30 minutes. LOD typically

FID, GC-PID, GC-ECD)

1 ppm..
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