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ABSTRACT

New source performance standards for mamicipal waste combustors (MWCs) and guidelines for existing
ummumnrsmlheU.S ;mposedonbwembazo 1989, ammbcpmmulgamdmbewnbulm The
proposed ; conirol of parti matter and i pre~combnstion,
mmbmuymdm—mbnsmmnuuls,ﬂmhﬂtwodq)mdmgmmandmofunfmihy

Dry scrobbing processes have been used exclusively on recent MWCs and are plarmed for fumre MWCs

i the U.S. l’orﬂncgnscleanmg(pust—oombumonmnoli They inberently include particnlate matter control

along with (heir primary function of acid gas removal. These ies are also generally effective in

controlting polychlorinated dibenzo-p-dioxins (PCDD), dibenzofurans F), and trace heavy metals. Test

resnlts quantifying air pollatant emissions, especially PCDD/PCDF, and their control will be presented and
regulaty

d with the proposed

INTRODUCTION
Mmmbus(mofmmnpdmlmwuc(MSW)mﬂwUShasdmostdmbhdmthcpasByeam,mﬂl
waste-to-enesgy conversion complementing the reduction of waste volume for landfill disposal. About 15% of the

MSW genersied is incinerated, cquivalent to 68,000 toanesklay. Since 95% of the MSW bumed i in waste-to-
cnergy facilitics, the test results reported here will be for mumicipal waste combustors (MWCs) with energy
recovery.

Over the same 3 years, the US. Envmmmml?:umAgcncy(EPA)hasbem&vdopmgmacr
Tules 10 control polintant emissions from MWC facilitics. On December 20, 1989, these rules were proposed for
mbciﬁnm[mmmpaimmmmsnmdm;ﬁwﬂm(mgmﬂ They
Tequire ﬁ!:ilmslousclheemphlmﬂy to control air pollming emissions: material scparation
(pre-combastion fuel cle , cmuul[goodmbnsmnpm(GCP)l.mdm—mbusmn
coutrol or floe gas cleaning The final rules, (o be mDecunberl990 are now being prepared
following the pubfic comment period and the consideration of

WhﬂethcpmmkfuMWCsmqnmon!ypuucuhm (PM)conu'oLﬂ)cptwosedmlsalso
metals® as measared 'MWCmmhs'asmmsmad lychlocinated
(PCDD) and dibenzofurans (PCDD), and "MWC acid gas™ umwrmMWm
dioxide (SO2). Taﬂelmmmihegmdamssmlmmform air pollutants, the limits being a
function of the size (capacity) and age (new oc existing wnit),1 While all facilitics must comply with PM,
PCDD/PCDF, and Imls.thcacndgasemmmhmilsapplytoaﬂbmsmﬂcusung sources (S225
tonmesfday). Only large new sources (>225 tounes/day) must achieve the NOx emission limits. Whilc only the
WMWM(mm)mmmMmemhmmmmmg
and operating and monitoring requirements for each facility to ensure compliance with emission timits.

Tﬂsmumumrawhmdanmmmusmmmm oncy’s and
administrative review p and approved for p and pubkcation. ho peer
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TABLE L. PROPOSED MUNICIPAL WASTE COMBUSTION EMISSION STANDARDS?#:1

Standards (NSPS) Emission Guidelines
CAPACITY, tonnes/day <225 >225 <225 >225,<2000
(1cns/day) (250) (>250) (<250)  (>250,52200)
METAL EMISSIONS
<Particulate Matter, mg/dscm 34 34 69 69
(gr/dsch) (0.015) (0.015) {0.030) (0.030)
«Opacity, % 10 10 10 10
ORGANIC EMISSIONS
-
Dibenzofurans :%DIPCDB ngfdscm
75 5-30b 500 125
250¢ 1000¢ 2506
ACID GAS CONTROL, %, OR
EMISSIONS (ppmv)
HCQ1 80 25) 95 (25) None 50 (25)
SO 50 (30) 85 (30) None 50 (30)
NOx None (120-200)b None None

>2000
(>2200)

34
(0.015)
10
5-30b

95 (25)
85 (30)
None

A} emission Limits are referenced to dry gas with 7% 07 concentration (20°C, 101.3 kPa).
bsingle value, probably in this range, will be supplied at promalgation of rales.
Value for refasc-dedved foel (RDF) combsioss in the capacity category showa.

Dry acid gas scrubbing processes (or dry scrubbers) for FGC are used on the more recent MWC facilities
in the U.S., and this trend is expected to continue for units now being planned. The dry acid gas FGC processes

cmvmheaadpsumawlﬂfamﬁudmbemlmamm wnilarly, organics and metals

© Or aller scrubbang &T arso colcciea as vl

s solids prior

Since the main focus here is on controlling PCDD/PCDF, KGC process conditions affecting their control

as PM will be discussed, and test results mainly ﬁmncomphmmwﬂlbempmedwnhthepmposedUs
PCDD/PCDF and PM emissions will nol be

discussed. Data are not available on these effects, but properly controlled ammonia flows (minimum slip) in non-
MnmdmnmﬂymMmMmmmumeﬁmmmmmmmaﬁ
from dry scrubbers. The weatment or disposal of ash or solid residuc will not be discussed as this waste is subject

rules. The potential effects of mawzial separation and NOx condrol on

sohdwastcmltsmtheU.S

DRY FLUE GAS CLEANING

DryaudgsoonuulpmoessesonMWCspmdmeadrypowdﬂywme.:ﬂg

are not saturated with water. In contrast, wet processes discharge slurries

ue gases leaving these
uc gascs satarated with

processes
water. Two dry processes are applied on MWCs: dry sochent injection (DSI) ioto flee gas followed by PM
collection, usnally by a fabric filter (FF), and spray dryer absorption with either a FF or an electrostatic
precipitatoe (ESP) for PM collection. While designed primarily to remove HC1 and SO2, both processes achieve
MWCs with dry
scrubbers, the flue gas leaves the boiler at 200°C or Jess and enters the PM collector at 150°C or Jess. Therefore,
the net production of PCDD/PCDF by de povo synthesis in the PM collector would not be a problem.

multi-pollutant control, including PM, trace arganics, and trace heavy metals. In wastc
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 Figooe 1 shows the DSI peocess with two aplions. The dirty finc gas may be homidified and cooled via
WalCT fjection prioc £0 its contacting powdercd sorbent fusvally hydmted lime, Ca(OH),] in a reactor, of it may
bccoolcdmd:rccdynsmgaheatcxdlangcrbcf&csorbaninjccﬁon. Both options reduce the gas temperature to
about lmmmmmmmw(ﬁﬂmmmofﬂwwmm
dewpoint) to enhance the acid-gas/sorbent reaction.

1. LIME 51LO
2. REACTOR
ME

u 3. CYCLONE
4. DUST COLLECTOR
S. STACK
6. WASTE SILO

AlR
&/ RECYCLE _ ¢
(optional)
FLUE GAS
WATER ORY WASTE

{optiocnal)

Figure 1. Dry sorbent injection into fluid bed reactor
or flue gas duct (dashed line).

Several plants, gencrally with combustors rated at 180 tonnes/day or less, use the DSYFF system.
Ca(OH)2 is the sorbent for each plant.

The lime spray dryer absorber (SDA) in combination with PM collection is shown in Figure 2. Flue gas at
about 200°C enters the SDA and is cooled to amund 140°C as the Iime shury droplets are dried in contact with the
hotier gas. The gasflime slurry reaction keads to nevtralization of the acid gases and production of solids. Since
the gas into the SDA is sprayed with a wet sarbent slurry or solution and, while the collected solids in the process
are dry, this prooess is sometimes referred to as a semi-dry rather than a dry process.

1. LIME FEEDER

Z LIME SLAKER

3. FEED TANK

4. READ TANK

E. SPRAY ABSORBER
6. DUST COLLECTOR
7. STACK

—— PARTICLE RECYCLE 4
(optional) DRY WASTE

Figure 2. Spray dryer absorption (semi-dry) process.

Most recent MWCs having over 180 tonnes/day capacity and thase now being planned for the U.S. use
the SDA/FE or SDA/ESP system for ecid gas control. As with the DSI/FF system, the approach (o saturation
temperature snd reagent (or stoichiometric) ratio (moles of sorbent per male of acid gases entering the scrubber)
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PCDD/PCDF removal in dry scrubbers is enhanced by Jower gas temperature which leads to condensation
of vapor and improved adsoeption onto particles, upecmﬂyﬁnepmmle& 'mcpmocofhnw-basedsorbaus
mayalsoc:ﬂlanoelhemovalo{Pa)D/PCDFby g additional p surfaccmfrmnhc_r?cum

Srodncts for chemical reacticn, of bots., The Emincd VapoT dnsa an
b =

suggest that condensation of these d mmtmursdemedmusnofmnovaLzThembm(C)oomm
oflheﬂyashpa:mlcsappwswaﬁ'eaPCDD/PCDFcapun. A rcoent patent proposes the addition of activated C
1 fluc gas to improve removal of PCDD/PCDF [as well as NOy and mercury (Hg)}3

TEST RESULTS AND COMPARISON WITH PROPOSED RULES

Test results from facilitics with dry scrubbers are shown in Tables T and 1. These results indicate that
only SEMASSUMZhadawleCDDIPG)meGHnym)MmeWhm(IZS
nglm.we'l'ablel) While this average is based on three tests, with emissions of 18.0, 6.6, and 907 ng/dscm,
respectively, no explanation was given for the highest value reported or any mitigating factors. Limited test data
mdmmmmelmcSDWsymummeﬁemvemmmmngPCDD/PCFmesmanmchme
SDA/ESP system. This may be a result of better fine particle collection in the FF and/or secondary
absorption/adsorption in the filter cake. The available PM coatrol data show that, except for the SDA/ESP
syslan.goodPMcmnol(>99%)pualldshxgh PCDDYPCDF coatrol (>95%). However, all PCDD/PCDF data
in Table [T meet the proposed emission guidclines, since all facilitics listed have capacitics below 2000 tonnes per
day.

P

TABLE II. CONTROL OF PARTICULATE MATTER (PM), POLYCHLORINATED DIBENZO-P-DIOXINS
{(PCDD) AND DIBENZOFURANS (PCDF), AND SELECTED HEAVY METALS WITH DRY LIME
INJECTION/FABRIC FILTER SYSTEMS4S

Average PM Concentration? Average Total PCDD/PCDF
mp/dsem @ 12% COy Concentration %
Location and Test Date inlet outlet outlet
«Claremont, NH
Unit1, 5/87 NADb 25 NA
1R1 NA NA 376
Unit2, 5/87 NA 9.8 NA
87 NA NA 323
St Croix, WT
NA k3 7.73
10/88 NA 27 NA
«Springficld, MAC
7738 2059 3.7 0.15d
«Dutchess County, NY
Unit 1, 2/89 NA 22 483
Unit2, 2/8% NA 30 12.9
3/89 NA 25 NA
S5B89 NA 18 NA
Sdscm = dry standend cobic meter (20°C, 1013 kPu).
bNot availatic or not measared.
CAIl concentrations are refercaced 1o dry ges with 12% COy.
9Dioxin st oorlet reported a3 2,3,7.8 inated dibenzodicxin og) (EPA method).
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TABLE . CONTROL OF PARTICULATE MATTER Sp;% POLYCHLORINATED DIBENZO-P DIOXINS
(PCDD) DSPRAYDRYER DA, Anmcmmm““ >WITH
A/Elxcmosmncpnacrgn ¥5 @P)sysm@g%
A PM Concentration? A ¢ Total PCOD/PCDF
e @ 12% CO?2 **Coacontration
ng/dsem @ 7% O
ion, Control S inket outlet inleg outlet
ey bag o System.
~Marion OR
e P Pome 2016 53 430 126
“Biddeford ME A(FF 12/87 722 32 903 438
N Coond AT 788 5514 92 996 0.646
’ 2789 7 41 747 0368
i SDA/ESP 2738 NAd 4.1 NA NA
Unn SDA/ESP 2738 NA 19 170 59.2
UnnlLSSDAIBP 3/39 9793 18 NA 9.3
Unit 2, SDAJESP _4/89 8832 27 NA 3rie
dscm = dry standard cubic meter (20°C, 1013 kPa). TNA = oot availabic or not measarod.
b Al concentrations are for dry gas with 12% COp. €Average value of 180, 6.6, and 907.
€ Valoes sre averages for normat SDAKF temperatures .

(perfoomance tests 6, 8, 12, 13, and 14).

Tahles IV and V corapare PCDD/PCDF emissions sysiems on a toxic equivalency basis. Table IV shows
that the EPA method gave valies below those from the International (1989) method. 1t aiso shows that the matio of
the total outiet PCDD/PCDF to toxic equivalency varies greatly, so that it is not possible to simply and easily
convert fram total PCDD/PCDF to toxic equivalencics, given onc o the other. Table IV also shows that the total
PCDF exceeded the total PCDD, except for the wxic equivalents for the mass bum combustor with the SDAJFF
system. Tablcv:nd:w.esmudnmponedunuswnhSDA/FFsystunsmaﬂwOlnme3mmeqma1m(l-

89) standard used in some Ewropean countries, while the mnits cquipped with other FGC systems did not.

TABLEIV, CDMPARISON OF TOTAL PCDDIPG)F AN'D 23,78 TCDD TOXIC EQUIVALENTS

IO0S B¢ i N at 20°C with 12% )
Total PCDD/PCDF Toxic Equi Method? RatioP
Combustor  FlueGas ~ A.inlet B. outlet C.EPA D.1-89 . B BD
Type Cleaning
System

MassBum  SDA/FF 70.8 220 0.063 0.079 35 28

(265/442°  (L.OYLI9) (0.060/0.002) (o.mzm.oos)
MassBum  SDA/ESP 27 76.0 0.485 1.159 151 66

(50.67228) (15 6/60.4) (0.247/0.278) (0247/0 911)
RefuseDe-  SDASFF 9% 0.646 0.0050 380 129
rived Fuel (328/668) (0271/0375) (0 00010 0017) (o 0008/0.0042)
Processed  SDA/ESP NR 2.65 0.105 0.142 g2 6l
Fod (NR) (NR) (NR) (NR)

SEPA = U.S. Environmentsl Protection Ageacy, 1489 = International Method, 1989.
mhhwmmmhcdmahuﬁcqﬁwdminmCuD.
Values in parenthcses are tots] PCDD and PCDF, respectively. ’
dNRl:Notquhd.
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TABLE V. 2,3,7,8 TCDD TOXIC EQUIVALENTS
(All concentrations are m ng/Nm3 referenced 50 dry gas at UC wath 11% U214)

Combustor Type Flue Gas Cleaning System 2.3 7.8 TCDD Toxic Eqmva.lemb
189
Mass Bum DSIEF 0 1 16 NA
Mass Bum SDAFF 0.049 0.061
Mass Bum SDA/ESP 0377 0.900
Refuse Derived Fuel SDAFF 00013 0.0037
Processed Foel SDA/ESP 0.0815 0.110

aConversion from 12% CO2 to 11% O assames % CO2 + % 02 =21
BEPA = U.S Environmentasd Protection Agency, 1-89 = Intematianal Method, 1989.

SUMMARY

Dry scrubbing processes are widely used on modern MWCs in the U.S. The lime SDA in combination
with a FF or ESP is the predominant system, with the hydrated lime DSUFF system being applied on several

D/PCDF emissions
removal than the SDA/ESP system. For the FGC systems compared, only the SDA/FF systems complied with
duOlndNémceqmvahncy([&)mndardofmeEmupunm
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