
Reinhold Environmental Ltd.
2008 NOx-Combustion Round 
Table & Expo Presentation

February 4-5, 2008 in Richmond, VA



6RXWKHUQ�&RPSDQ\�%URPLQH�,QMHFWLRQ
'HPRQVWUDWLRQ�5HVXOWV

0DUN�6��%HUU\
(QYLURQPHQWDO�&RQWUROV�5	'�0DQDJHU�

)HEUXDU\��WK ����

Reinhold Environmental
NOx-Combustion Round Table



'HPRQVWUDWLRQ�7HDP

&DUO�5LFKDUGVRQ
.DWKHULQH�'RPEURZVNL

0DUN�%HUU\���$SULO�)UHHPDQ�6LEOH\
(GGLH�%RUGHUV���6KDQH�0F&UD\

5DPVD\�&KDQJ 3URIHVVRU�%HUQKDUG�9RVWHHQ

:6�+LQWRQ�	�$VVRFLDWHV
3DUWLFXODWH�&RQWURO�7HFKQRORJLHV



7\SHV�RI�0HUFXU\
• 2[LGL]HG�+J�� �VROXEOH�

caught with SO2

• (OHPHQWDO�+J� �LQVROXEOH�
not captured

• Control methodologies
– Co-Control in wet scrubbers

• Hg2+ only 

– Activated Carbon Injection (ACI)
• Hg2+ & Hg0

• ESP or Baghouse



)LQDQFLDO�'ULYHU�)RU�D�����0:�XQLW
• TOXECON for Hg control (90% removal)

–Capital cost:  ($150 / kw- $200 / kw)
• $75M to $100M 

–O&M costs
• Activated carbon @ 200 pph:  $1.50 M/yr 

material cost
• Bag replacements (3 year life):  $1.0M/yr
• Fan and auxiliary power:  4 MW

&OHDQ�$LU�,QWHUVWDWH�5XOH��&$,5�
• SCRs for NOxcontrol already - in place

• WFGDsfor SO2 control  - in place

• ACI into ESPs (50% - 70% removal)

• @ 500 pph$3.75 M/yr
• ESP Upgrades (NSR)
• Loss of Flyash Sales
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Combined Cycle (8,359 MW)
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Nuclear (3,759 MW)

Steam (21,587 MW)

Combustion Turbine (3,992 MW)

Hydro (2,815 MW)

���	 � � �
�
 ��� 
 � � � �� �

� 
 �� � �� �� �

� �� � � � �� �

�� 
� � �� � �� �

�� �� � � � �� �� �

� �� � � � 
 �� � �� �� �

��� �� �� �

�� � � �	 � � � � 	 � � �

��� �� �� �

��� � � � � �� �

��� � � 
 � � � �� �

��� � � � �� �� �

� � �� �� � � � � �� �

� � � �� 
 �� �

�
� �� � �� �� �

��� � �	 
� � � � � ��

�
� � � � �  � � �� �� �

� �� � � � � � � �� �

� ��� � � � � � �  �� � 	 �� �

� !� � � �� � � �� �

� " � �� �� �� �

� �� � � 
 � � � 
 � � � �� �� �

� #$%& '( %) *+ ,- .

� � �� 	 � � 
� � �� �� �

/0 � � � � 
� 
 � � � �

� �� � � � � � �� �

� ��� � � � � � 
� � �� �� �

� 1� � � � � � 
 �� �

� �� � � � � �� �

� � �� � � � � � � �

� �� � � 
 �� �

�� � � � � � 
 � � �� �
�� � � � �� �� �

�� � � � � � � 
 �� �

2 0 � � � � 3� �� � �

/0 � � � � !� � � � � 4� � � �	

/ 0 � � � � ! � �� � � �
/0 � � � � �� 
� �5

/ 6$ -& '7 % '8 9 *$ $

0 � � � � �� � � �/

/ 0 � � � � 
� �� � � � � 


/0 � � � � 
� :� � � � 


/0 � � � � ;� � <�

/ 0 � � � � � � �� 


/0 � � � � �� � � � �

/0 � � � � �� � � � �

/0 � � � � � � � � � �

/ 0 � � � � 1� � � � 2 0 � � � �  �� � �	

2 0 � � � � � � �� 


/ 0 � � � � �� � � � 


= =�� � � � � � ! � � �� � � �� �  � � � � ��	

= = �� � 
 �� �� � � 4� � � �	

= =

= =

= = 0 � � � � � 
 � � �� � �

= =

= =0 � � � � � �� � �� = =0 � � � �  � � � � � ��

= =

= =

=>

� � �� � � 4� � � �	 1� �� �	 4� �? � �@

=> 4 
 � � � � � 4� � � �

=>
=>

=>
0 � � � � � � �� � �

=> 0 � � � � �� 
 �A �� �

=> 0 � � � � �� A �� �=>

=>0 � � � � " � � � � � ��

= =�� �� � 4� � � �	 1� �� �	 4� �? � �@
=>

/0 � � � � !� � � � �
/ 0 � � � � 
 � � � �� /0 � � � � �� � � �

/0 � � � � ! � � � � �

/0 � � � � ��� � 	

/
0 � � � � �� � � � �	

/0 � � � � �� 
 �� ��

/ 0 � � � � � � � �� � �

/ 0 � � � � 4� �� �



3ODQW�0LOOHU�%URPLQH�,QMHFWLRQ�7HVWLQJ
• ��[�����0:�8QLWV
• 6&5V IRU�'H12[
• $GYDWHFK 6FUXEEHUV�IRU�62� FRQWURO��XQGHUZD\�
• &(63V IRU�30
• 3KDVH�,�7HVWLQJ

– Oct. 2006

• 3KDVH�,,�7HVWLQJ
– Feb 2008



3KDVH�,�7HVWLQJ�6XPPDU\�
• Unit 4 Configuration During Test Program

– Wall Fired Boiler

– SCR with 90% DeNOx

– 1100 SCA Cold-side ESPs

• Halogen injection
– Br with coal (Vosteen Patent)

– Inject chemical onto coal 

– GOAL: Measured the impact of Hg Oxidation at

• Pre-SCR, Post SCR, ESP Inlet & ESP 
Outlet

– Bromine Concentration Needed

– Determine fate of Bromine
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SCR Reactor Information



0HWKRG�RI�,QMHFWLRQ
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7HVWLQJ�5HVXOWV
+LJK�%URPLQH�,QMHFWLRQ�7HVW
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7HVWLQJ�5HVXOWV
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:DWHU�3ODFHER�7HVW

5HIUHVKHG�LPSLQJHUV 5HIUHVKHG�LPSLQJHUV
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%U�HIIHFWV�RQ�&RQFUHWH
• 2006 Testing: Appeared that Br affected concrete 28 day strength

– USA Ready Mix 4000 psi / 28 day design
– All Class C ash sold at plant (1200 ton/day)

• Summer 2007 Lab Study showed no effect on concrete
– Same USA Ready Mix Design

• 5HVHDUFK�3URJUDP�Z��*DOOHW 	�$VVRFLDWHV
• 7HVWLQJ�6HULHV

– 3d, 7d, 14d, 28d & 56d strength testing
– Set-time
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6LPXODWHG�%URPLQH
,QMHFWLRQ�5HVXOWV



0LOOHU�3KDVH�,,�7HVWLQJ
• 6 week test program planned
• Mid February 2008 start date
• Key issues

– Confirm earlier results with SCR
– Determine oxidation results without SCR in 

service
– Confirm Hg removal across pilot scale FGD

• Investigate FGD chemistry (Hg, Br, Cl
interactions)

– Hg Partitioning (liquor / gypsum)
– More ash / concrete admixture testing



3ODQW�0LOOHU�
3KDVH�,,�7HVW�3ODQ

Three Distinct Sections
– Parametric Testing with SCR-Off

• Impact of the SCR on bromine usage rates 

– Parametric Testing with SCR-On
• Verify oxidation that was seen in 2006
• Removal across pilot scrubber

– Steady State Testing with SCR On
• Long-term oxidation / Hg removal performance
• Hg re-emissions ???
• Monitor scrubber chemistry (Hg, Br, Cl, etc…)
• Concrete Testing with flyash + bromine
• Gypsum Testing



+DORJHQ�7HVWLQJ�DW�0HUFXU\�5HVHDUFK�&HQWHU
• 2ZQHG�E\�*XOI�3RZHU

– Plant Crist Unit 5
– Operated by PCT Inc.

• �0:�5HVHDUFK�)DFLOLW\
– Full Environmental Control 

Technology Suite

• (35,�� +DORJHQ�,QMHFWLRQ�3URJUDP
– HCl, xBr, xCl
– with & w/o SCR
– 4 different catalyst types
– Removal across WFGD *XOI�3RZHU�0HUFXU\�5HVHDUFK�&HQWHU

6&5

%+

(63

$+

:)*'�QRW�VKRZQ



05&�%URPLQH�,QMHFWLRQ�6WXG\
– Test Conditions

• With & without SCR in service
• Various Concentrations of Bromine      

(0 –100 ppm on the coal)
• Flue Gas Temperature: 650 F to 700 F
• Low Halogen Fuel (Colombian)

– Hg Measurements
• SCR / Facility Inlet
• SCR Outlet
• ESP Inlet
• ESP  Outlet / WFGD Inlet
• WFGD Outlet



05&�%URPLQH�5HVXOWV
• Without SCR
• Colombian Coal

– High native capture
– Seen without 

bromine in other 
testing

• Large Conc. of Br 
needed for high 
oxidations
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05&�%URPLQH�5HVXOWV
6SHFLDWHG�+J�YV��/RFDWLRQ�DQG�%URPLQH�/HYHO
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05&�%URPLQH�5HVXOWV
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6RXWKHUQ�&RPSDQ\�
%URPLQH�,QMHFWLRQ�3URJUHVV�5HSRUW

• Mercury Research Center Testing
– 2QH�&DWDO\VW�WHVW�FRPSOHWHG
– Tests with 3 Additional Catalyst Planned

– Next test scheduled for 2nd quarter 2008
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7KH�'HDG�6HD
• 7KH�ORZHVW�HOHYDWLRQ�RQ�HDUWK�RQ�ODQG��������IW�EHORZ�VHD�OHYHO�
• :LWK�����VDOLQLW\��LW�LV�����WLPHV�VDOWLHU�WKDQ�WKH�RFHDQ
• %URPLGH�LRQ��%U ��FRQFHQWUDWLRQ�LV�WKH�KLJKHVW�RI�DOO�ZDWHUV�RQ�(DUWK

–140 times higher than in normal seawater

• (YDSRUDWLRQ�EDVLQV�DUH�XVHG�WR�FRQFHQWUDWH�VDOW
–potash, bromine, caustic soda, sodium chloride, magnesium metal

+LJK�VDOLQLW\�FUHDWHV�EXR\DQF\�HIIHFW

,VUDHO�&KHPLFDOV�/WG
• 250,000 Metric tons/yr



+J�0HDVXUHPHQW�4$���4&

• In the presence of bromine focus on HgO

– OH, S-CEM

%LDV
1HDU�'HWHFWLRQ�OLPLW�RI�0HDVXUHPHQW�7HFKQLTXHV


