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ABSTRACT 
A major deliverable of tbe U.S. Departmeot of 

Enetgy (DOE) project “Engineering Development of 
Advanoed Coal-Fired Low-Emissions Boilex Systems” 
(LEBS) is the, design of a large, in this case 400 MWe, 

Project objectives. The o v d  objective of tbe LEBS 
Project is to bamatically improve environmentpt 

without dversely impachg efficieacy or the cost of 
electricity. Tbe DOE specified the ust of nac-Lam 
tacbno~ogia, Le., dvanced techaolopies tiut M 

commetcial geneahg unit (mu) which will me& the 

pcrfonnance of future pulverizes cod fired p o w  p h t s  

parti.ffy devdopt?d, to reduce N*, SQ utd puticulrta 
emissions to be substantially less than currept NSPS 
limits. In addition, air toxics must be in compliance Md 
waste must b reduced and made more &+b. 

The design being developad by the ABB Team is 
pmjjected to all the coatrad objective .ad to 
reduce emission of N9y, S@ md partidates to o ~ b  

stntion efficieocy significantly nnd reducing the cost of 
electricity. This design Md future work are desxibd in 

fiAh to onetepth NSPS limits while incressing nd 

*papet. 

INTRODUCTION 
Tbs original LEBS emissions objectives have bea  

gradually tightened ami the efficiency objective 
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TECHNOLOGJES TO ACHIEVE 
ENVIRONMENTAL OBJECTIVES 

Geneid D m, Tbe mast cost effective way 
to reduce nitrogea oxides wbea burning a fossil fuel, 

pr-. Tbe foundation for the Team's in-furnsct N 4 ,  
reduction p m  is TFS ZXP, a proven technology 
which is curreotly being employed 011 a co-ipl 
basis. Briefly, it involves substoichiometric Whir 
operation in the firing zone, the use of coocentrically 
arranged air injection in the windbox whereby thc air 
j- IVC aimed at a larget imaginary circle than the fuel 
jets, the use of separatedover fire air and the use of a 
pulverim with a dyniunic classifier. As with all in- 
fumnce NOx duction systems, the key is to be able to 
operate in a mode which produces low N 4 ,  without 
e x d t i n g  the mmbustibte loses, notably the carbon 
content in the fly ash. The objective of this in-furnace 
N4, duct ion process is to reduce nitrogea oxides 
leaving the primary furnace to 0.1 Ib NO&CM Btu 
(0.14 g/Nm3 or Iowet while maintaining an acceptable 
level of carbocl in the fly ash. (Further N4, reductioa 
can be achieved with the downstream SN4,= process 
which is d i s c 4  below.) 

The process for evaluating the various firing system 
concegts/configurPtioDS involves the llst of 
computational modeling, small d e  experimental W g  
in 8 Fundameotal Scale Buroer Facility (FSBF) and 
larger scale experimental testing ia a Boiler Simdatioa 
Facility (BSF). Additionally, it has involved concumat 

eQuipped with a dynamic classifier. AI N4, levels are 
pusaed evef lower it ia i q e d v e  that t& fuel particle 
site distntbution also be mom tightly specified as a 
primaxy means of controlling combusiible losses. 'lh 

papex are pretiminary d t s  from tesring in the FSBF 
and chnwerl 'Zation of om of the LEBS coals in a 
Pulverkx Development Facility. Computatiollpl 
modeling wiIl be addressed briefly. 

coat in this c8~e, i~ through UI in-fumrrce N 4 ,  reduCti~n 

ChnrpCterizatiOn O f  Wd P d V & h  in A P l d V W k  

two primary activities which will be 8 d M  in this 

C O m D U  tationat Mode! ing. Two models arc being 
employed to help analyze the vpricwu, firing system 
co~oepts that h v e  been fomulntsd. A W c s  reacth 
modet, CHEMKIN, is being used to provide a 
preliminary evaluation of &e poteutid for various 
cmxpts to achieve the dested results. It is fecogaizdd 

that results from this evaluntioa uc qualitative a! beat 
and can only be used to provide &; nevertheless ib 

thc IDost promising cmcepts for further cvplUttion. A 
computntiod fluid dynamics model, FLUENT, is being 
used to fiuther evaluate CoIICepts widex caditioar wbicb 
better simuIate .ctunl boiicx operotioa. Unlike 
CHEMKIN which assuma eithet weli-st id ftoctot 
aditions or perfd plug flow conditions, FLUENT is 
able to simulate d -wor ld  miXing conditions. Tbe BSF 

measurements from tbe BSP c o w  quite well with 
those predicted by FLUENT, d y  parameters such id 

CO. Having validated FLUENT with BSP dah, the 
intent is to use it as we4 as tbe CHEMKIN d in 
m y s  that capitalize on their tespective Slreogths to 
evaluate and scfeed various firing system wncegts. 

usecan be an impoltant saeeniog tool to Mp prioritite 

has been modeled with FLUENT. Experimantrl 

gas temperatures Md gaseousaMcentrptions like02 and 
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MBZ SOFA1 
coafig N G %  Stoich Stoich 

1 100 1.15 1.1s 
2 66 0.8 1.0 
3 54 0.8 0.8 

SOFA 2 
StOiCh 
1.15 
1.15 
1.15 

-0 
2 
4 
5 
6 
7 

MBZ SOFA1 SOFA 
N&% Stoich Stoich 2Stoich 

100 1.15 1.15 1.15 
64 1.15 1.15 1.15 
59 1.15 1.1s 1.15 
54 0.8 0.8 1.15 
49 0.8 0.8 1.15 

Dpamiccbsififf . .  static QgsmRtm 
clrss. HP1 HP2 RB1 RB2 

size (wt%) 
+5omsh 0.1 0.2 0.0 0.0 0.0 
+ 1 0 0 d  2.4 1.2 0.6 0.5 0.6 
-2oomtsh 84.3 85.7 92.7 93.1 90.7 
Power(%) 100 81 98 97 107 
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Particulate and NOI Emisdoas Level& Taking 
advantage of tbe cleanside catalyst applicatioq f o r d  
diffusion kinetics, and higber redudion temperahuc 
should allow for much higha reddon diiciencies and 
ef[ident reducing reagent coI1sumptio~, Early data 
indicate that at N& inlet ooncenrrations af 200 ppm, 
N% reduction should exceed 90% witbout any 
measufabfc ammonia slip. 

In particulate collection tests, colleaion e c i e n c y  
~ z a s  fami to be almost absoluk, in most cases greater 

1WMME3tu (S4 g/Nm'). OutJet emissions owld not be 
Beteaedby standard EPAMethod 5 techniques, and wefc 
dekmkd to be less than 0.0000016 Ib/MMBtu (0.0020 

tbaa 99.99996% With illl inlet nyash hdhg d 4-5 

mmrn)) iaser-tight scattering insmmam 'OIL 
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after the boiler, itself accounting for a 1.9 percentage 
point increase in the na plant thermal efficiency. 

YVsste And Bvorodum 
As shown in Table 4D unlike many other process,  

thc S N O P  p r o a s  does not generate II wadc product or 
httrmediatt. &xi, the process does wt 
product li "commercial grade" produd which does not 
moet the sjedcations dits intended market, as bas 
been the case with Wet FGD gvpsum. nLt sulfuric acid 
pduccd by thc SN&m process meets or exceeds U.S. 
Federal Specilkation O-S-801E Class 1 and is 
mmmer- tradeable without rimitation. The Projcct 
Team includes, as an advisor, II company which operates 
two nrlfuric acid production Wties and distriites acid 
from s a d  internatid involuntary acid producers. 
This advisor has provided very useful insight into the 
domtstic sulfuric acid market installation of a SNGN 
fkacitity, or any large acid p r o d d o n  facility, wil l  force a 
reshapingofthe local acid market, and alliancescouldbe 
made with local brokexs, supptiets, and consumers for 
d i s r i i o n  and oonsumption of the acid It is believed 

nrlfuric acid market experts that domestic involuntary 
acid proddon could displace international involuntary 
acid produdion. 

It is expected that the flyash from tbe LEBS system 
could be sddcommercialIy, simibrto present day ash 
disposal Cahmcontent in tbe flyash is w e d  tobe 
atanaccqtable level andtbertis not cxpaedtobe any 
notictablepresenceofammoIlia 

On whole, it is expected that the amount af laadfill 
material from an NSPScompliant plant (Espflimesbnc 
WFGD) will be reduced by approximately 85% 
cxpressedonabeatinputbasis. Thisfigureaooountsfor 

HIGH EFflCiENCY POWER CYCLES 

Table 4. End Mud and Disposition By Technolw 

Technologid Advancement 

2nd Generation Technology - regenerable reagent 
processes, such as CuO and MgO systems. 
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COMMERCIAL GENERATING UNJT OESJGN 
Ths Team's 400 W e  (nominal) C0mmrci.l 

GtXEWIJl . g Unit (CGU) illusttnted in Figure t is m 
PdPptntiOa Of 8 c O n V e & d  pdverited d - f i r e d  

design Under 8 W O ~  effort. F o ~  each design, 
stuun-ele~tric pt~nr. rt wiil be COW to a 

Befecrad technologies have kea introduced to &ve 
greatly reduced levels of emissions, i n c d  therrrml 
efFicieocy, reduced waste and improved cxsts. These 
technologies involve primarily three areas: 

This combination of emission coatrol proctssts 
meets or Wtms all of rhe target emission levels fax tbc 
LEBS Project, while producing either beaign or deable 
by-products from the gas treatmat. The advanced cycle 
a d  the SN4;n"Hot ProcessasaMe the design to roeet 
the efficiency objective pnd, indirectly, tho oost of 
etadricity objecriva Expecbd paformaoce of tbe CGU 
compated to an NSPScoorpliPnt plant is W in TrbEe 
5. Tbe NSPS plant assums a 2400 psi/1ooO*11ooO' 
(16.6 KPa/538°U5380C) cycle with wet limestoae FGD 
and an dechstatic precipitator. 

Table 5. Emissiorrs Reduction Pedonnance 

*sps LEBS 
p- mu 

S% Iblmm Btu* 0.60 0.10 
N%. lblmm Bht 0.60 o m  
pprticutate, Ib/m Btu* 0.030 0 . a  

NetEf f i c i encyO,  46 35.4 4s 
T d  W e ,  mikwh 0.352 0.117 

* 3 fb S rrnd 15.4 Lb psh per million Btu h t h e . 4 .  
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LEGEND 
No. i DEXRIF'TlON 1 

1 1 BOILEREUILDWG 
2 I CAfALYTlC FlLTER HOUSE 

CONDEKSATE H U T  EXCHANGER 

iD FANS 

Figure 1 - 400 We Plant 
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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 


