Mercury Capture in a Circulating Fluidized Bed Dry Scrubber at AES Greenidge Unit 4
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Project Background Technology

S E T e O R B e Motivation Host Site Combustion Modifications (low-NO, burners, overfire air)
Participants AES Greenid ge Unit 4 ( Boiler 6) Hybrid Selective Non-Catalytic Reduction / Selective Catalytic Reduction (SNCR/SCR) System
—  CONSOL Energy Inc. (administration, testing, reporting) There are ~ 440 existing coal-fired units in the United States that are not equipped with FGD, - ggﬁz "r':!'"“*; é 1;:2150?' urea injection; it is designed to reduce NO, by ~42% and provide NH, for the
- AES Greenidge LLC (host site, operations) SCR, or Hg control systems Dresden, NY SR o . i
— Babcock Power Environmental Inc. (EPC contractor) ~ Represent - 60 GW of installed capacity T - ;‘;RS;: an :‘r;g‘:’”e‘;;g; ;’["E;)i"ﬂ'; 'T‘e’f"’ o‘j;‘e':i'zise‘rfg m deep); itis fed entirely by NH; slip from
Funding — Greater than 80% are located east of the Mississippi River Commissioned in 1953 Powdered At Cot iocton d
i 'owdered Activated Carbon Injection tem
—  U.S. Department of Energy, National Energy Technology Laboratory (43.8%) = Most have not announced plans to retrofit 107 MW, (net) reheat unit o l B §
~  AES Greenidge LLC (56.2%) Itis difficult to retrofit these smaller units for deep emission reductions Boiler: - Projected injection rate for 90% Hg capture: 0 - 3.5 Ib/mmact
Goal: Demonstrate a multi-pollutant control system that can cost-effectively reduce emissions - Large capital costs - Combustion Engineering tangentaly-ied, balanced araft Turbosorp® Circulating Fluidized Bed Dry Scrubber ! »
of NO,, SO,, mercury, acid gases (SO, HCl, HF), and particulate matter from smaller coal- - Space limiations 780,000 Ib/h steam flow at 1465 psig and 1005 °F - “W;m;"fg’dzws &’“;L‘E?c".,”; '.;“e?fi :;P:f:;mg:;z'zg :les'";en"::::: ~u153"fbg:sm‘m:|’°al5 ~16
fired EGUs These units are increasingly vulnerable to retirement or fuel switching because of progressively B _ Limeh ydrano‘n e slaile " a: art of project for onsite production :f c:\(oH.) from pebble lime
more stringent environmental regulati Eastern U.S. bituminous coal S P Proj [ 2 [
- CAR, CAMR, CAVR, state regulallnns Biomass (waste wood) - up to 10% of total heat input Baghouse
" o tabric fiter momi o o o =3 (/i
Hence, there is a need to commercialize technologies designed to meet the environmental Existing emission controls: - f:;::',’:’“e:;‘:‘:s: o'lﬁs'::g"e;e';’:x' ’::s':r;ﬁ[ﬁ’;:’a uasf: /:"";:i';es
comPplance ted, keeris of hese units ~ Overfire ar (natural gas reburn not in use) Booster |a:gmsmlled am«mea;y of baghouse to overcome pressu?e drop
> The Greenidge Project seeks to an innovative i jies that are - Esp
designed to satisfy this need by affording deep emission reduction capa.hllmes low capital costs - No FGD - mid-sulfur coal to meet permit limit of 3.8 Ib SO,/mmBtu
(~$340/kw*), small space requirements (~0.5 acre*), applicability to high-sulfur coals (2-4%*),
i i and ional flexibility

low

Design Features Contributing to Mercury Control

Provides additional gas /
solids contact via filter
cake on bags; removes

solids containing
captured Hg from flue
gas

Cools flue gas to
~160 °F and
provides ample
gas / solids
contact via
fluidized bed

Guarantee Testing Results O e te et

Increase the downstream scrubber
unburned e

March — May 2007, 2.4-3.2% Sulfur Eastern U.S. Bituminous Coal carbon Captures Hg2* ca(OH),, and
e rtantlor Adsorbs Hg® and removes SO; activated carbon

Performance Measured the fly ash and Hg2+ Process Economics
Parameter Target Performance (and hence

NO, emission rate <0.10 Ib/mmBtu 0.10 Ib/mmBtu? its ability to T Constant 2005 Dollars
SO, removal > 05% 96% coetsiio) - § 9 Fixed & Variable = Total Levelized

SO, removal >95% 97% Activated Capital Cost O&M Cost ost

HCI removal >95% 97% Carbon Bed ($/kW) ($/MWh) ($/ton removed)
HF removal > 95% Indeterminate® Injection NO, Control 106 1.19 $3,290 / ton NO,
Scrubber SO, Control 229 5.23 $513/ton SO,
S s - Hg Control
— (incremental)®

Hg is adsorbed

0 0 0

= 107 W, Cap = 6036, Goal sulr = Baseine NO,
5, Cals = 15, Urea (8% i) = 126 Wit posa = 2fon Pl = e,
= Other et i

"Basert on performance tesig resuls o-date

Solids Promotes high
(Inclu sorbent utilization

Mercury Testing chptured H"f_: )
Methodology o Disposal
Hg Reduction Target: =90% (coal-to-stack) Conclusions

All sampling and analysis performed by CONSOL Energy
Research & Development
" " The multi-pollutant control system being demonstrated at AES
All flue gas Hg measurements conducted using the Ontario - N o N N
Hyo Metod (ASTM D 6704.02) Mercury Testing Results To-Date 5&2?.’;'?33,‘.’2:'9 415 uniquely designed to mest the neecs of
Liquid sampl lyzed by cold vapor atomic absorpti
4 Has demonstrated deep reductions in SO, emissions (> 95%)
spectroscopy (March 2007) o cold vapor atomic fluorescence 2
q and NO, emissions (> 60%) while requiring a capital investment
spectroscopy (October 2007) Results of March and May 2007 Test Series of only $340/KW and a footprint of < 0.5 acre for a 107 MW unit
Particulate samples analyzed in accordance with ASTM D 6414 : : - -
oraSmiparR cren  sman  ssen ] Comparison with Baseline Tests L
(Novem ber 2004) Testing results thus far have shown the system to be very
Baseline Removal effective in achieving deep Hg removal efficiency
~ Greater than 90% Hg removal efficiency (coal-to-stack)
N ated observed in all 15 tests conducted to-date
emonsrate !
- Average demonstrated removal efficiency (96%) represents
10.00 Regms‘z/za‘ 94% reduction over baseline
Based on results to-date, projected incremental cost to achieve
90% Hg capture is $0
~ Ten tests have shown >90% Hg capture in the circulating
fluidized bed dry scrubber and baghouse without any activated
carbon injection

Coal samples (composite of all feeders) collected at the
beginning and middle of each test and analyzed for Hg by ASTM
D 6722
Solid and liquid process samples (e.g., ash, lime, urea, water)
and plant operating data also collected during each test to assess
process performance
QAIQC
Pre- and post-test leak checks performed for each test
o, ion monitored at meter exhaust
Blank sampling trains analyzed to check for contamination
Laboratory procedures included use of independent calibration

verification standards, duplicate or triplicate analyses, matrix
spikes, digestion duplicates, mud,,es|,nnsp,kes with a 10% 262007 3202007 22007 Y2007 02007 J2007 10212007 10032007 1032007 10052007 1062007 1082007 10192007 1001012007 10112007 Average

relative percent dif and
2100£10% recovery criterion for Sandarts and spikes Gross Generation
)

Range:
o 10511087

Material balances performed for each of the March tests to e o y Future Plans
ensure that the total mercury output from the process agreed (Ib/TBw) 638-921

reasonably well with the total mercury input to the process Hg Emission Rate Range:
(material balances for the October tests have not yet been o : . : : - . 00ebss + Testing and evaluation will continue at AES Greenidge Unit 4

completed) Conl Sufar Range: . through October 2008
® Sogmms:u) 372-487 Stack Stack ©  Additional Hg tests will focus on:
S0, Remova Range:
o 525-550 . Hg removal at reduced boiler loads
“Scrubber Ot Range Baseline Tests | Performance Tests Sr—
Temperature (°F) 1586-165.2 (11/04) (3/07-10/07) Hg removal with biomass co-firing
V= Unburned Carbon Range: - B Role of the in-duct SCR in oxidizing Hg
—, - = oy A ) 144253 ot dosaon ‘ Hg removal as a function of fly ash unburned carbon content,
T PAC njecton Range: fuel, and Scrubber operating conditions
Rate (Ib/mmacf) 0-3

Hg Mass Balance Range: 94% Hg Reduction Over Baseline Stability of the captured Hg in the scrubber solids / ash
Closure (%) - - 93.0-1206

12.00

Hg Removal, Coal-to-Stack




