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Overview

Mercury Monitoring

e Regulatory drivers

e Technology Overview
 Pros and Cons

e Alternative Hybrid Approach
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Regulatory Drivers



Regulatory Drivers

e National Emissions Standard for Hazardous Air
Pollutants from Portland Cement

Manufacturing Industry
(40 CFR 63 Subpart LLL)



Regulatory Drivers

e PC MACT



Regulatory Drivers

e PC MACT Published September 9, 2010
Amended June 22, 2012
Final February 12, 2013




Regulatory Drivers

e PC MACT

e Electric Generating Utility Mercury and Air
Toxics Standards
(40 CFR 63, Subpart UUUUU)



Regulatory Drivers

e PC MACT
e EGU MATS



Regulatory Drivers

* PC MACT

* EGU MATS | Published February 16, 2012

Final April 16, 2012

Reconsideration July, 27, 2012
Proposed Updates November 16, 2012
Final (?) March, 2013




Compliance Dates

PC MACT »>September 9, 2015
MATS >April 16, 2015



PC MACT
Emission
Limits

Existing Kilns: = 12 pg/m3
New Kilns: = 5 pg/m?3



MATS Hg Emission Limits

Existing Plants: = 1.4 pg/m3

New Plants: = 8:024-pefm?
~ 0.36 pg/m3



Monitoring Options

 Continuous Mercury Monitoring System
(CMMS)

e Sorbent Trap Mercury Monitoring System
(STMMS)



CMMS

Performance Specification 12A
Procedure 5 (Part 60, Appendix F) — PC MACT
Appendix A to Subpart UUUUU — MATS



CMMS

Performance Specification 12A
Procedure 5 (Part 60, Appendix F) — PC MACT
Appendix A to Subpart UUUUU — MATS
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The History of CMMS

e 2003 * Expensive e Sensitivity?
* CAMR e Complex
e TwoT’s

Thermo
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NIST Calibrators

 Today
0-10 pg/dscm
low point of 2.7

Today

Source: EPRI CEMS, 2012, Thermo Supergroup



NIST Calibrators

 Today
0-10 pg/dscm
low point of 2.7

e Someday
0-1 pg/dscm
low point of 0.2

Today Someday

Source: EPRI CEMS, 2012, Thermo Supergroup



NIST Calibrators

 Today
0-10 pg/dscm
low point of 2.7

e Someday
0-1 pg/dscm

lOW pOI nt Of 02 Source: EPRI CEMS, 2012, Thermo Supergroup

* MATS Limit = 0.024-0.36

Today Someday MATS Limit



The status of Hg CEMS

Getting better all the time... Thermo
. -
v'"More options &Y

v “Believable” to around 0.2 pg/dscm



The status of Hg CEMS

Getting better all the time... Thermo

v'"More options |
TEKRAN

v “Believable” to around O 2 ug/dscm

e Still expensive

e Still complex
Calibration



STMMS







2010

PC MACT



2005 2010

CAMR PC MACT



2003 2005 2010

EU MACT CAMR PC MACT



STMMS



STMMS

1. Capture mercury in-situ on a sorbent



STMMS

2. Sample over a period of several days



STMMS

3. Recover traps and send to lab



STMMS

4. Analyze for total mercury collected



STMMS

5. Calculate emissions




STMMS

6. Repeat



STMMS Purpose — An Evolution

CMMS

Alternative




Simplicity
NIST-Traceability
It works

Cost-Effectiveness



Simplicity
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Simplicity



Certification Requirements
CMMS versus STMMS

CMMS

7-day calibration error test
Linearity test
3-level system integrity check

Cycle time test
RATA



Certification Requirements
CMMS versus STMMS

CMMS STMMS

7-day calibration error test RATA
Linearity test

3-level system integrity check

Cycle time test

RATA



NIST-Traceability

.Meter
Calibrations

.Factory
Spikes



It works

* No Hg transport issues
* Very low MDL possible
e Built-in QA/QC



It works

* No Hg transport issues
e Very low MDL possible
e Built-in QA/QC

v'Spike recovery
v'Breakthrough
v'Paired trap agreement

v'Proportional sampling



Cost-Effectiveness

e Hardware about % the cost of CMMS
 Operating costs about % cost of CMMS



STMMS Performance

OW accurate is it?
ow reproducible is it?
ow reliable is it?

ow low can we go?




Accuracy

Hg conc. (ug/dscm)

MET80 RATA Results
Run* Coemvsave DIFE  %DIFF
1-1 0.21 0.18 0.03  14.3% m RM 308
1-2 0.18 0.18 0.00 -0.6% O MET-80
1-3 0.19 0.18 0.01 7.4%
1-4 0.16 0.21 0.05 -29.4% | i |
1-5 0.25 0.20 0.05 212% | §o
1-6 0.24 0.22 0.02  10.0% S
2-1 0.26 0.29 -0.03  -9.6% I
2-2 0.30 0.28 0.02 8.0% T o i
2-3 0.24 0.27 -0.03 -13.8%
2-4 0.26 0.27 -0.01 -5.4%
2-5 0.25 0.27 0.02  -8.4% i
Alldata  0.231 0.231  0.0004

(n=11) 0.021
9.2%

2012 Clean Air Engineering



Accuracy

Hg conc. (ug/dscm)

MET80 RATA Results
Run* Coemvsave DIFE  %DIFF

1-1 0.21 0.18 0.03  14.3% m RM 308

1-2 0.18 0.18 0.00 -0.6% O MET-80

1-3 0.19 0.18 0.01 7.4%

1-4 0.16 0.21 0.05 -29.4% | i |

1-5 0.25 0.20 0.05 212% | §o

1-6 0.24 0.22 0.02  10.0% S

2-1 0.26 0.29 -0.03  -9.6% I

2-2 0.30 0.28 0.02 8.0% T o i

2-3 0.24 0.27 -0.03 -13.8%

2-4 0.26 0.27 -0.01 -5.4%

2-5 0.25 0.27 0.02  -8.4% i
All data 0.0004
(n=11) 0.021

9.2%

2012 Clean Air Engineering



Reproducibility

0.7% Difference
64 trap pairs

A
- A

2.4% Difference
47 trap pairs
N

N

2012 Clean Air Engineering



Reliability



Reliability

Case study
— Dominion Salem Harbor

— Compliance monitoring
since 2008

— Three MET-80

systems



MET-80 Data Validity — Unit 1

Valid  yre prems e RO D023 DD DO RINNO
Invalid ' . . u = . X 1 ; D :
Apr-08 Jul-08 Oct-08 Feb-09 May-09 Aug-09 Nov-09 Mar-10 Jun-10 Sep-10

2012 Clean Air Engineering



Valid

Invalid

MET-80 Data Validity — Unit 1

e Leak check

e Breakthrough <5%

e Spike Recovery = 75-125%

e Proportional Flow Rate =% 25%
e Relative Deviation < 20%

Oct-08 Feb-09 May-09 Aug-09 Nov-09 Mar-10 Jun-10 Sep-10

2012 Clean Air Engineering



Valid  yrexy e ey

Invalid i

MET-80 Data Validity — Unit 1

Leak check

Breakthrough < 5%

Spike Recovery = 75-125%
Proportional Flow Rate =+ 25%
Relative Deviation < 20%

Apr-08 Jul-08

Oct-08 Feb-09 May-09 Aug-09 Nov-09 Mar-10 Jun-10 Sep-10

94%
reported
availability

2012 Clean Air Engineering



MET-80 Data Validity — Unit 1

Mean = 0.4 pg/dscm

Oct-08 Feb-09 May-09 Aug-09 Nov-09 Mar-10 Jun-10 Sep-10

94%
reported
availability

2012 Clean Air Engineering



MET-80 Data Validity — Unit 2

Valid i O MMM T T TN e I OOOODeTTIToTroTOD O O 0 OO0 OO
Mean = 0.5 pg/dscm
Invalid | i ' . . —a ; 1 .
Mar-08 Jul-08 Oct-08 Jan-09 May-09 Aug-09 Nov-09 Feb-10 Jun-10

91%
reported
availability

2012 Clean Air Engineering



MET-80 Data Validity — Unit 3

Valid

T MO O O T T T [ |
Mean = 0.8 pg/dscm
Invalid T . T T T T T T T
Jult08 Nov-08 Feb-09 May-09 Aug-09 Dec-09 Mar-10 Jun-10 Oct-10

96%
reported
availability

2012 Clean Air Engineering



How low can we go?

2012 Clean Air Engineering



2012 Clean Air Engineering



2012 Clean Air Engineering



Western Bituminous



Western Bituminous

[

2012 Clean Air Engineering



0—0.025 pg/scm

0.019

0.021

0.0074

0.0026



Problem with Sorbent Traps

Real Time Data






Need for Real-Time Data

COMPLIANCE CONTROL ~ ~ Active Hg control

e Process Hg control



Hybrid System Advantages

e Real-time CMMS trending data
 NIST-traceable STMMS compliance data



A Hybrid Approach

* Process Hg Analyzer
* Internal zero/cal

 Compliance
* Analyzer check



Questions?

cleanair.com

contact@cleanair.com
800-632-1619

2012 Clean Air Engineering



