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ABSIRACT 

New souice pofonnance staiKtanb to inunsnpd waste ccinbustofs (MWCs) and guiddiiiK for eusting 
incmaatots in the II.S., proposed on Deceniber 20, 1989, aie (o be piomulgaled in Decdnlier 1990. Hie 
proposed naiiooal legulatioas lopiie mac saingem eonnol of paniculate mailer and incbKle pe-cmnlmstion, 
combosiioii, and post-c«iUHisikn omtiols. tbc last two dqieading on see and age of the fadlky. 

Diy scndibing processes bave l>ccn used exdnsvely on leceni MWCs and aie pianncd tae fiitnie MWCs 
in the U.S. for fine gas deanmg (post-comhiflion qmtnJ). Ibey inbcienllyinchidepaitiadale maner eonnol 
along wilh dieir pdmaiy function of add gas removal Tliese techmdo^s are also geneiaUy effective in 
amtrolling polyddonnated dibcnzoi>-dioxins 9>CDD), dibeozofiiians (PCDF). and Dace heavy metals. Test 
reaiUs qualifying air poUatant Bnii<woiri. especially PCDD/PCDF, and ilieir comrol will be piesented and 
couitaml wifli the pnyosed Isolations. 

nmtoDOcnoN 
The coodnstion of numicipal solid waste (MSW) in Ibe U.S. has almost doobled in tbe past 3 yeais, widl 

wasK-la-eaeisycaaveisiancai¥lenieniHig die ledocUoo of waste voiomc Ear landGIldiqxnaL About 15% of the 
MSW geoenKd is mcinemcd, equivalent to 68,000 taonesAb?. Siiice95%ofiheMSWbnmedisni«aste-to-
cnergy tviiitii^. die test lesnlls canted bete will tie for municipal waste comboams (MWCs) with energy 
lecOTeiy. 

Over die same 3 yeais, die U.S. Environiseotal Protection Agcocy (EPA) has been devekqnng stricter 
roles to coatrol polhiiantCTiiganiK fiom MWC facilities On December 20,19S9. diese mles were pniposed for 
t m . faril itm! [ m i tmirrr jnflwmanrr. «ff«iyfaTrf« (MgPR)] «iiil <-rHging fn>-ilM/~; (i..iiic;inn gnidHjnKJ.l Ihey 
Twpiwy all fnriliri,.< ttt ngft llgFr mmplwnffnfafy tnqtwvtg tn rfwtml air pnlfntrng wrr icAwy matClial SqiaiStion 
(pie-coa^astion fiid demm^ , ctimhistinn eonnol [good canbostioo practice (GCF)], and post-conibasticii 
ooaiolorflnegasriwwiingg^jC). The final rotes, lo be pmniBlCTTr»l in December 1990. are now bemg pigpaied 
foDowing lhe ptdiBc ccmoKot period and die coosidenilxxi of adifitiaml data. 

While the present lule fiv MWCs leqniies only paiticalaie matter (PM) coouol. die pnifiosed rales also 
limit "MWC CTiissiaw.'nim>geaOHdes(NC)»). and caiton monoxide gX>). "MWCemissiaas'radode'MWC 
metals' as measured by total PM, "MWC otjanics' as measmed by tool polyddonnated dibeszo-p-dioiiiu 
(PCDD) and dibenzofmans (PCDD), and "MWC add gas* as measmed by hydrogcD chloride (Hd) and snlfin 
dioxide (S(>2). Table I summarizes the proposed cmiwimi limils !sx diese air poDntants, die limits bemg a 
finicliciiofliic&c3icr^size(cap9city)aiidage(newarexistn)ginik).l While afl fittililies mmt coapiy widi PM, 
PCDD/PCDF, and CO Ibniis. die add gas emisaoe limits apply to aU but small exisdng somces (S22S 
Unne^day). Only largf. ni-w miinvx (^T?*; Umnr^ihiy) rnnq arhirv^ ihf tJTIj rnijyjhm Pmln Wll i l r tv ty fli* 
ptiynsnt M W r n m s A l n IrmiH ( n r r p (Tl ) an-, p v m in T « M F I, llir.p»mn«a.,l ni l f« f j lm^^f^ , ^»^^^mri naj l ing 
and opetaliag and moniiorii|gic>iiinuiiuiis tor each ficiSty to ensmecompBance widl emission Bmils. 

This paper lias bsan ravlawad In acooidanca with the U.S. EmIiDnmsnaJ Protactlon /^aency% peer and 
adnMstiafce review poGdes and approved for presanlation and pubicatian. 
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TABUE I. PROPOSED MUNICIPAL WASTE COMBUSTION EMISSION STANDARDS».l 

CAPAdTY, looncs/aay 
(ions/day) 

METAL EMISSIONS 
•Paiticiilate Matter, mg/dscm 

(gi«scO 
•Opadty,% 

ORGANIC EMISSIONS 

Dibenzofiirans ( P C D D / P C D F ) , ng/dscm 

ACID GAS CONTROL, %, OR 
EMISSIONS (ppmv) 
• H Q 
•SO2 
JTOx 

n e w source hertonnance 
Standards (NSPS) 

<775 
(S250) 

34 
(0.015) 

10 

75 
250C 

80(25) 
50(30) 
None 

>225 
(>250) 

34 
(0.015) 

10 

5-301) 

95(25) 

(m-Toap 

Emission Guidelines 

£225 
(<250) 

(0.030) 
10 

500 
lOOOC 

None 
None 
None 

>225.<2000 
(>250<2200) 

69 
(0.030) 

10 

125 
250C 

50(25) 
50(30) 
None 

>2000 
(>2200) 

34 
(0.015) 

10 

5-301" 

95(25) 
85(30) 
None 

•AU aniisico limili nc icfonicaj» dry gas wlh 7% O2 concoiliilioo (20°C. IOU U>i). 
^Single Tatne, fKotMbly in diu nocc win be tnpplied II profwlgadoo olToles. 
•Viloc fer icfc»c-dcdTcd fW (RDF) nxrfsBlDii in llic cjpadly c»ttgory itowii. 

Diy acid gas scnibbiog processes (or diy scrobbeis) for FGC are used on die moie recent MWC facilities 
in die U . S , and diis trend is exiiected to continiie for units now being planned. T V diy acid gas H J C processes 
ccnvert die add gases 10 a solid form which can be coUected as PM. Simitaily, organics and metals as solids prior 
10 or aner scnuwuig aro ajso coijccica as 1-M. 

Since die main focns here is on ccnlrolliiig PCDD/PCDE, FGC process ronilitions affecting d id r control 
as PM win be discussed, and test results mainly bom compliance tests will be compared wilh d e proposed U.S. 
ndes. The potential efiects ofmaleiialsqaration and NOx coriiDl on FCDD^FCXIF and PMeaiissions will not be 
discussed. DMa are not available on BieseefTecls, but prqierlycooliolled ammonia flows (mmimimi slip) in non-
selective and selective catalytic leducticn arc believed to have Ihde cr no effect on PCDD^FCK'and PM emissioris 
noDi dry scrubbers. The ueaimeni or disposal of asti or solid residue will not be discussed as diis waste is subject 
to solid waste rales in die V S . 

DRY FLUE GAS CLEANING 

Dry a d d gas control processes on MWCs produce a dry powdery waste, and Que gases leaving diese 
processes are not sunraied widl water, tn contrast, wet processes discharge Carries and fine gases satnrated widi 
water. Two diy processes are applied on MWCs: diy sorbent injection (DSI) into fhie gas foUowed by PM 
collection, usoally by a fabric fdtcr (FF), and spray diyer absnption wiUi either a FF or an electrostatic 
precipiiatar(ESP)forPMcoUectiOD. While designed piinuiily to remove H Q and SO2, bodi processes achieve 
fflulti-poOutant control, inchidiogPM, trace organics, and trace heavy metals. In wasle-Kxaergy MWCs wifli diy 
soubbeis, die fhie gas leaves die boiler at 200°C or less and enters die PMcoIlecioracI50°C or less. Therefore, 
die net production of PCDD/PCDF by ilsjisvQ synfliesis in die PM collector would not be a problem. 
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Fiese l shows Oe DSI process wUtmopUws. The <Sity One gas may be hmudified and cooled via 
waiiT mjeiaion prior lo ils coniacinig powdered soibem [usnaUy hydrated lime, Ca(OH)2] in a r e ^ ^ 
be cool^fflulirecdyrang a heat exchanger before sorbott injection. Both options reduce the gas temperature to 
about 150TJ and lower die aairoach lo samratjon lanperatnre (diflerence between temperamre of die gas and its 
dcwpomO to enhance die add-gas/sortna reaction. 

AIR - £ 7 

(optional) 

F i g u r e 1 . 

1. LIME SILO 
2. REACTOR 
3. CYCLONE 
1. DUST COLLECTOR 
5. STACK 
6. WASTE SILO 

Dry sorbent injection into fluid bed reactor 
or flue gas duct (dashed line) . 

Several plants, generally wifli combnstois rated at 180 tonnes/day or less, use the DSI/FF system. 
<X0H)2 is die scctieni for each plant 

The lime quay diyer absorber (SDA) in combination with PM collection is dwwn in Figure 2. Floegasat 
about 200°C entas die SDA and is cooled to aronnd I40°C as thc line shmy droplets are dried in contact widl the 
hottergas. The gas/lime dniiyieaction leads to neutralization of die acid gases and pioduction of solids. Since 
die gas into die SDA is sjKaycd wifli a wet soibeni draiy or sohaion and, while die collected solids in die process 
are diy, fliis process is sometimes lefoied 10 as a semi-dry ladier than a diy process. 

- . PARTICLE RECYCLE 
( o p C i c m a l ) DRY WASTE 

F i g u r e 2 . S p r a y d r y e r a b s o r p t i o n ( s e m i - d r y ) p r o c e s s . 

Most lecent MWCs having over ISO loones/day capacity and diose now tieing planned for tbe U.S. use 
die SDK/PP or SDA/ESP syston tor add gas cootroL As whh die DSI/E7 system, the t^tproadi to satmation 
temperahire and leaeau (or stoirhioinfttic) ratio (moles of soifaetd per mOle of add gases entering the scrubber) 
are Ibe nugor parameiera aHectmg add gas removal 
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PCDD/PCDF removal in diy scrubbers is enhanced by lower gas temperature which leads to coodensalioa 
of vapor and improved adsorption onto panicles, espedally fine panicles. The presence of limc-based sorbents 
may also odiance die removal of PCDD/PCDF, by providmg additional panicle smface atea from die reaction 

suggest that condensation of diese compounds is not their sole mechanism of removal^ The carbon ( Q contem 
of flie flyash panicles appeals to affect FCDD/I>CDFcaptiBe. A recent patou proposes flie addition of activated C 
to flue gas lo improve removd of PCDD/PCDF [as weD as NOx snd memny ( H ^ ] . ^ 

TEST RESULTS AND COMPARISON W i r e PROPOSED RULES 

Test results foxuSxilities with dry scrubbers are shown in Tables n and i n . These results indicate dut 
only SEMASS Unit 2 had a greater average PCDD/PCDF emission (311 ng/dscm) dian die proposed liinii (I2S 
agMscm. see Table Q. WhUe dus avenge is based on dace tests, with emissioas of 18D, 6.6, and 9(n ng/dscm, 
respectively, no explanalion was given for die highest value reported or any mitigating factors. Limiled lest data 
indicate that tbe I m e SDA/FF system is more effective in controlling PCDD/PCFF emissions than the lime 
SDA/ESP system. This may be a lesnlt of better fine particle colleclion in the FF and/or secondary 
absorption/Klsorption in die fdler cake. The available PM control data show diat, except for the SDAyESP 
system, good PM control (>99%) parallels high PCDDffCDF cannot (>95%). However, all PCDD/PCDF data 
in Table i n meet the proposed emissicn guidelines, since aU Encflities liaed have capacities below 2000 tonnes per 
day. 

TABLE n . CXINTROL OF PARTTCXILATE MATTER (PM), POLYCHLORINATED DlBENZO-P-DIOXINS 
(FCDD) AND DIBENZOFURANS (FCDi=),/UTO SELECTED HEAVY M E r ALS WITH DRY U M E 

nCECnON/FABRIC FILTER SYSTEMS^,^ 

Aveiage PMCcnoenlratiooa Aveiage Total PCDD/PCDF 
mg/dscm (S 12Sti CO? Concentration nz/dscm (B 7% O? 

Location and Test Date m i o oudet outlet 

•C3aiemoitt,NH 
UnUl , 5/87 NA* 25 NA 

7/87 NA NA 37.6 
Umt2, 5/87 NA 9.8 l>tA 

7/87 NA NA 32.3 

• S L Croix, WI 
6 ^ NA 34 7.73 

10/88 NA 27 NA 

•Spriiigricld.MA<: 
7/88 2059 3.7 0.15' ' 

•Dutchess Coanty, NY 
UnU 1. 2/89 NA 22 4.83 
Umt2, 2/89 NA 80 17.9 

3/89 NA 25 NA 
5jB9 NA 18 NA 

•dKm > dry laadBd cstK maer (2trC 101J kPa). 
'ttot anUiUc or Dot nxmred. 
'^AJujumKiMioMMtrefegocedlQcfaygMwifli 12%C02. 
^Dioxia «t oolW leported IS 23.7.S tetncUodaited ifibuzodKHin eqiivileat (EPA inelbod). 
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TABLEm. OONTHaLOFPARHajLAIEMATTER 
(PCDD) AND DIBENZOFURANS ffCDFVANI 

SPRAY DRYER ATOCKBERSDAVFABRIC FILTER <H=) OE _ 
SPA/ELECTROSTATIC PRBCIMTATOR (ESP) SYSTF.Ms4.67,8 

PtXYCmLCSUNATED DBENZO-P-DiOXINS 
IffiAVY METALS WTTH UME 

uConDol System, 

Average PM Concemration^ 
mg!ascm<a) 129bC02 

inlet oodct 

Average Total PCDD/PCDF 
Concentration 

ng/dscm (S 7% O? 

inkt oudet 

•Mariop Ĉ ounlV. C»t 
Unill.SDATFF 9/86 

•BiddcfonLME 
UnitA,a)A/FF 12/87 

•Mid<iion.b 
Unit 11, SDA/FF 7/88 

2/89^ 

•Millboiy.MA 
UnitI,SDA/ESP 2/88 
Unit 2, SDA/ESP 2/88 

•SEMASS 
Uniti,SDA/ESP 3/89 
Uiih2.SDAtoP 4/89 

2016 

7322 

5.3 

32 

43.0 

903 

1.26 

4.38 

5514 
40T3 

NAd 
NA 

9793 
8832 

9.2 
4.1 

4.1 
19 

18 
27 

996 
747 

NA 
170 

NA 
NA 

" N \ = not vtialiiAc or not iiejmuuL 
«Avaige Tiliie of 18.0,6.6. md 907. 

0.646 
0368 

NA 
59.2 

9.3 
3110 

b AU caocnitnlioas ne tor diy gas widl 12% CO2. 
^ Valoex nc ncnges for ncrmii SDA^¥ tca^Kzuma 

(polocinmoe tests 6.8.12,13. md 14). 

Tables IV and V compare PCDD/PCDF emissions systems on a toxic eipiivaleacy basis. Table IV diows 
that thc EPA method gave vahicsbdow Ihose firm the International (1989) medkid. Ualsodiowstbatiheiaioof 
the UXal outlet PCDD/PCDF to Ulxic eqnivakncy varies gready, so that it is not possible to simply and eaaly 
conven fion total PCDD/P(3>F 10 toxic eiinivalencies, given one or die odier. Table TV also shows dot detoial 
FCDF exceeded die total PCDD, except for die toxic equivalents for die mass bum ctxnbostcr with die SDA/FF 
system. Table Vindicates that dKiqioned units widi SDA/FF systems met die 0.1 ng/Nm^ toxic etpnvalentQ-
KI) standard nso] in some Emopean countries, vihile the units etjuippcd with Olher PGC systems did not 

TABLETV. COMPAR]SONOFTOTALPC33D/PCDFAND23.73TCDDTOXICH)UrVALENTS 
(AH concerlrauons are in ng/dscm reteienccd to dry cas at 20°C wifli 12% Cw.) 

ToialPCDD/PCOT Toxic Eqaivalem Mdbod* Ranol" 

combustor Flue Gas 
Type deaning 

Svstem 

B. oudet 

2.20 
(1.01/1.19) 
76.0 
(15.6/60.4) 
0.646 
(0.271/0375) 
8.65 
(NR) 

CEPA 

0.063 
(0.06(W.002) 
0.485 
(0.247/O.278) 
0.0017 
(0.OO0A).O017) 
O.IOS 
(NR) 

D. 1-89 

0.079 
(0.072/B.006) 
1.159 
(0.247/0.911) 
0.0050 
(0.0008/0.0042) 
0.142 
(NR) 

B/C 

35 

157 

380 

82 

BID 

28 

66 

129 

61 

Mass Buro SDA/FF 

Mass Bum SDA/ESP 

RcfiseDc- SDA/FF 
rived Fuel 
Piocessed SD/V/ESP 
Bad 

70.8 
l?6Sm.2f 
279 
^.6/228) 
996 
(32»668) 
NRO 

(m) 
^EPA (= U.S-Envinxiaeiitd Proicctioa Ageacy. 1-89 = Itdcinatiaoal Mdliod. 19S9. 
'itxtiD is the total PtXD/FCDF vafaE in oobmn B ID loiic eqnivaimt tnlDe in cotoina C or D. 
oyahiesiBiwiiirtiii tnretotriPCDDmdPCPF.icspgtivdy. 
liR c Not r^octod. 
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TABLE V. 23,73 TCDD TOWC EQUIVALENTS 
tAU concentrations are mng/Nm3reteraiced 10 dry gas at O^wiUi 11"* O?'.) 

CombusiorType 

Mass Bum 
Mass Bum 
Mass Bum 
Refiise Derived Ftiel 
Processed Fnd 

Flue Gas Qeaning System 

DSl/FF 
SDA/FF 
SDA/ESP 
SDA/FF 
SDA/ESP 

23.7.8 TCDD Toxic Eqnivalemb 
EPA i-89 
0.116 
0.049 
0377 
0.0013 
0.0815 

NA 
0.061 
0.900 
0.0037 
0.110 

aConveision fiom 12% CO2 to 11% 02 assumes % C02+ * 02 = 2L 
bEPA=U.S.Envirannienlil Protectian Agency, 1-89 = hemiatifaal Mediod,I9S9. 

SUMMARY 

Dry scinblHiig processes are widely used on modern MWCs m flie U.S. The Ume SDA in combination 
with a FF or ESP is die picdommam system, whh die hydrated Ihne DSI/FF system being applied on several 
small nnils (<180 tonnes/day). Genaally, existing MWCs wilh diy acid gas control are achieving the proposed 
PCDIVPtjy limils. vridi flie SDA/FF system achieviBg lower PCDCffCOTemissinns and greater PCDD/PCT)F 
removal dun Ibe SDA/ESP system. For de FGC systems cuuipaiul. otdy die SDA/FF systems compUed widl 
die 0.1 ng/Nin^ toxic etjuivaloicy (1-89) standard of sone European countries. 
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