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Introduction 

Increased emphasis on energy and material recovery and the need 
for alternatives to solid waste disposal in landfills have generated growing 
interest in waste-as-fuel processes. The processes include, on a generic 
basis, waterwall incinerators, pyrolysis systems, combined fuel-fired systems 
(coal plus refuse derived fuel [RDF], RDF plus municipal sewage sludge, coal 
plus wood waste, and biochemical conversion of waste to methane. 

The Fuels Technology Branch of EPA's Industrial Environmental Research 
Laboratory in Cincinnati is sponsoring a program at Midwest Research 
Institute (MRI) to conduct environmental assessments of some of the above 
waste-to-energy conversion processes. The overall objective of this pro- 
gram is to evaluate the potential multi-media environmental impacts resulting 
from using combustible wastes as an energy source and thereby identify con- 
trol technology needs. 
extensive sampling and analysis efforts at the following waste conversion 
facilities. 

. 

A s  part of this program, MRI has undertaken fairly 

A 200 ton/day refuse pyrolysis system 

A 120 ton/day municipal incinerator fired with 
Municipal Solid Waste (MSW) 

' 

. A 10 MW power plant boiler fired with wood 
waste and No. 2 oil 

A 70,000 lb/hr steam boiler fired with coal 
and densified refuse-derived fuel (d-RDF) 

. A 20 MW power plant boiler fired with RDF 

A description of the facility, the sampling and analysis methods 
used, and the results obtained are individually presented below for each of 
the above facilities tested. 

Refuse Pyrolysis System 

. 

The Union Carbide refuse pyrolysis system (PlJROX) at South Charleston, 
West Virginia, was designed to pyrolyze 200 tons/day of refuse-derived fuel. 
The refuse fuel was produced by shredding MSW to a 3 in. size and then re- 
moving magnetic materials from the shredded waste. The PUROX system is a 
partial oxidation process that uses oxygen to convert solid wastes into a 
gas having a higher heating value ( H H V )  of about 370 Btu/scf. 
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Figure  1 i s  a schemat ic  i l l u s t r a t i o n  o f  t h e  Purox p rocess .  
r e f u s e  i s  r ece ived  by t r u c k  i n  t h e  p l a n t ' s  s t o r a g e  b u i l d i n g .  
and s tacked  i n  t h e  s t o r a g e  a r e a  by a f r o n t  end l o a d e r .  The same loade r  p i cks  
up t h e  s t o r e d  was te ,  weighs i t  on a p l a t fo rm,  and dumps it on a conveyor 
l ead ing  t o  t h e  s h r e d d e r ,  where i t  i s  shredded t o  a 3 - in .  s i z e .  
m a t e r i a l  i s  removed by a magnetic recovery system. 

Raw 
I t  is moved 

Fer rous  

The r e f u s e  f u e l  i s  f ed  i n t o  t h e  top  of t h e  r e a c t o r ,  t h e  p r i n c i p a l  
u n i t  on t h e  p r o c e s s ,  by two hydrau l i c  rams. There a r e  t h r e e  gene ra l  zones 
of r eac t ion  w i t h i n  t h e  r e a c t o r  (d ry ing ,  p y r o l y s i s ,  and combustion).  The 
r e a c t o r  is main ta ined  e s s e n t i a l l y  f u l l  of r e f u s e ,  which s lowly  descends by 
g r a v i t y  from t h e  d r y i n g  zone through t h e  p y r o l y s i s  zone i n t o  t h e  combination 
zone. A coun te r f low of h o t  gases ,  r i s i n g  from t h e  combustion zone a t  t h e  
bottom, d r i e s  t h e  incoming, mois t  r e f u s e .  A s  t h e  m a t e r i a l  p rog res ses  down- 
ward it is pyro lyzed  t o  form f u e l  g a s ,  c h a r ,  and o rgan ic  l i q u i d s .  

Oxygen i s  i n j e c t e d  i n t o  t h e  bottom h e a r t h  s e c t i o n  a t  a r a t i o  of 
about 20% by weight of incoming r e f u s e .  
from t h e  r e f u s e  t o  g e n e r a t e  tempera tures  of 1370 t o  165OOC i n  t h e  lower zone, 
which conver t s  t h e  noncombustibles i n t o  a molten r e s idue .  This  r e s idue  i s  
d ischarged  i n t o  a wa te r  quench t ank  where it forms a s l a g .  

The oxygen r e a c t s  wi th  char  formed 

The h o t  gases  from t h e  hea r th  s e c t i o n  a r e  cooled a s  they  rise 
through the  zones o f  t h e  r e a c t o r .  Af t e r  l eav ing  t h e  r e a c t o r ,  t h e  gases  a r e  
passed  through a r e c i r c u l a t i n g  water  s c rubbe r .  En t r a ined  s o l i d s  a r e  sepa- 
r a t e d  from t h e  sc rubbe r  water  i n  a s o l i d - l i q u i d  s e p a r a t o r ,  and r ecyc led  t o  
t h e  r e a c t o r  f o r  d i s p o s a l .  The water product  d i scharged  from t h e  s e p a r a t o r  
system i s  s e n t  t o  a p l a n t  t r ea tmen t  system. The gas l e a v i n g  t h e  scrubber  
i s  f u r t h e r  c leaned  i n  an e l e c t r o s t a t i c  p r e c i p i t a t o r  (ESP) and then  cooled 
i n  a hea t  exchanger p r i o r  t o  combustion i n  a f l a r e  combustor. During the  
t e s t s  t he  gas  was burned i n  a package b o i l e r  t r a n s p o r t e d  t o  t h e  s i t e  f o r  
t h e s e  t e s t s .  The f u e l  gas  c o n s i s t e d  of about  40% CO by volume, 23% C02, S% 
CH4, 26XH2, and t h e  rest be ing  NO, C2H4, e t c .  

Sampling a t  t h e  Purox f a c i l i t y  was d i r e c t e d  t o  t h e  t h r e e  e f f l u e n t  
s t r eams ;  s l a g ,  s c rubbe r  e f f l u e n t ,  and gaseous emiss ions  from a b o i l e r  when 
f i r e d  with Purox gas  and when f i r e d  wi th  n a t u r a l  gas .  
sampling and a n a l y s i s  scheme i s  shown i n  F igu re  2.  As can be seen  i n  t h i s  
f i g u r e ,  sampling and a n a l y s i s  of  each stream was r a t h e r  complex, be ing  d i -  
r e c t e d  t o  conven t iona l  p o l l u t a n t s  bu t  i nc lud ing ,  among o t h e r s ,  p r i o r i t y  pol -  
l u t a n t s  i n  water  samples and sampling of bo th  l i q u i d  and gaseous emissions 
f o r  most of t h e  a n a l y s e s  p r e s c r i b e d  under E P A ' s  Level 1 environmental  a s ses s -  
ment p r o t o c o l .  
conducted acco rd ing  t o  EPA Method 5, b u t  u s ing  a High Volume Sampling System 
(HVSS) because of  t h e  expec ted  low p a r t i c u l a t e  l oad ing .  
l i n g  a l s o  inc luded  u s e  of t h e  Level 1 SASS': t r a i n .  

An overview of t h e  

P a r t i c u l a t e  emiss ion  sampling i n  t h e  b o i l e r  s t a c k  was 

B o i l e r  s t a c k  samp- 

Water samples a l s o  underwent a n a l y s i s  f o r  p r i o r i t y  p o l l u t a n t s ,  
b u t  t h e  da ta  a r e  t o o  l eng thy  f o r  i n c l u s i o n  i n  t h i s  paper .  
t h e s e  ana lyses  showed t h a t  a few of  t hese  p o l l u t a n t s  were p r e s e n t  a t  d e t e c t -  
a b l e  l e v e l s  i n  t h e  sc rubbe r  e f f l u e n t ,  b u t  t h a t  t h e  Unox system d i d  e f f e c t i v e l y  
reduce t h e i r  c o n c e n t r a t i o n s .  

The r e s u l t s  of 

5; Source Assessment Sampling System. 
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Resu l t s  of t h e  t e s t i n g  e f f o r t  showed t h a t ,  of t h e  c r i t e r i a  po l lu -  
t a n t s ,  on ly  NO 
a s  compared to 'na tura l  gas .  
of 350-400 ppm and 0.002-0.005 $ r / s c f  r e s p e c t i v e l y .  
70-100 ppm. 
whereas NO w i l l  r e q u i r e  f u r t h e r  r educ t ion .  Also,  a n a l y s i s  f o r  me ta l s  and 
o t h e r  p o l l E t a n t s  i n d i c a t e  t h a t  t h e s e  should  no t  p r e s e n t  any problems. 

and p a r t i c u l a t e  emiss ions  inc reased  when burning Purox gas 
NO and p a r t i c u l a t e  l e v e l s  were of t h e  o r d e r  

SO2 emiss ions  averaged 
P a r t i c u l a t e  and SO2 emiss ions  were below p resen t  s t a n d a r d s ,  

Because of  t h e  d i f f i c u l t y  involved  i n  i n t e r p r e t i n g  much of  t h e  
da t a  c o l l e c t e d  i n  t h i s  t e s t ,  e s p e c i a l l y  t h e  Level 1 a n a l y s i s  r e s u l t s ,  t h e  
environmental  assessment work was extended t o  inc lude  a p p l i c a t i o n  of t h e  
methodology known a s  t h e  Source Analys is  Model (SAM/lA) developed by EPA. 
B a s i c a l l y ,  t h i s  model compares t h e  measured concen t r a t ions  of p o l l u t a n t s  
wi th  approximate emiss ion  concen t r a t ion  g u i d e l i n e s  known a s  MATE va lues  
(minimum a c u t e  t o x i c i t y  e f f l u e n t s ) .  
s e v e r a l  compounds o r  c l a s s e s  and t h e r e  i s  a s p e c i f i c  MATE concen t r a t ion  f o r  
each compound and f o r  each type  o f  e f f l u e n t  s t ream ( s o l i d ,  l i q u i d ,  o r  gaseous) .  
The MATE va lues  a r e  used t o  compute t h e  r a t i o  of  t h e  measured concen t r a t ion  
t o  t h e  MATE concen t r a t ion ,  and t h i s  r a t i o  i s  termed t h e  "degree of haza rd . "  
The "degree of  hazard" f o r  each p o l l u t a n t  i s  then  summed t o  provide  t h e  
"degree of hazard" f o r  t h e  e f f l u e n t  s t ream under cons ide ra t ion .  This  va lue ,  
when mul t ip l i ed  by t h e  e f f l u e n t  f l o w r a t e ,  i n  s p e c i f i c  u n i t s  ( e . g . ,  l i t e r s  
pe r  second) ,  e s t a b l i s h e s  t h e  " t o x i c  u n i t  dj-scharge r a t e "  (TUDR) f o r  t h e  
s t ream.  

These MATE va lues  have t a b u l a t e d  f o r  

The SAM/lA methodology, a s  desc r ibed  above, was u t i l i z e d  t o  ana- 
l yze  t h e  da t a  obta ined  f o r  each of  t h e  t h r e e  primary e f f l u e n t  s t reams from 
t h e  Purox process  ( s l a g ,  s c rubbe r  e f f l u e n t ,  and b o i l e r  s t a c k  g a s ) .  Based 
on t h e  SAM/lA methodology, t h e  sc rubber  e f f l u e n t  had t h e  h i g h e s t  "degree of 
haza rd , "  be ing  cons ide rab ly  g r e a t e r  than  t h e  "degree of hazard" f o r  t h e  i n p u t  
r i v e r  water.  However, t h e  s l a g  s t ream had t h e  h ighes t  " tox ic  u n i t  d i scha rge  
r a t e . "  
t h e  lowest " t o x i c  u n i t  d i scha rge  r a t e . "  Both of  t h e s e  va lues  were comparable 
t o  t h e  b a s e l i n e  va lues  computed f o r  b o i l e r  f l u e  gas when burning n a t u r a l  
gas .  

The b o i l e r  f l u e  gas  e f f l u e n t  had t h e  lowes t  "degree of hazard" and 

Municipal I n c i n e r a t o r  F i r e d  With MSW 

The B r a i n t r e e  munic ipa l  i n c i n e r a t o r  ( B r a i n t r e e ,  Massachuse t t s )  i s  
a mass-burn f a c i l i t y  c o n s i s t i n g  of  twin water -wal l  combustion u n i t s ,  each 
wi th  a des ign  capac i ty  of 120 tons  of MSW f o r  24-hr pe r iod .  A p o r t i o n  of 
t h e  steam produced (20-35%) is  supp l i ed  t o  ne ighbor ing  manufac turers  and 
t h e  remainder i s  condensed. 
ESP's exhaus t  t o  a common s t a c k .  

Each furnace  i s  equipped wi th  an ESP and both  

The R i l ey  S toke r  b o i l e r s  a r e  of  t h e  s i n g l e  pass  des ign ,  each  having 
a r a t e d  capac i ty  of 30,000 l b  of s team/hr  a t  400'F and 250 p s i g .  
u n i t s  a r e  s i n g l e  f i e l d ,  12 passage  p r e c i p i t a t o r s  wi th  a s p e c i f i c  c o l l e c t i o n  
a rea  of 125 f t 2 / 1 0 0 0  acfm; each has  a des ign  c o l l e c t i o n  e f f i c i e n c y  of 93%. 

The ESP 

Environmental assessment  of t h e  i n c i n e r a t o r  f a c i l i t y  was conducted 
us ing  EPA approved sampling and a n a l y s i s  procedures  s i m i l a r  t o  t h e s e  i d e n t i f i e d  
i n  F igure  2.  
below. 

Resu l t s  and conclus ions  of t h e  t e s t i n g  e f f o r t  a r e  summarized 
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Of t h e  c r i t e r i a  p o l l u t a n t s ,  S02, NO , and hydrocarbon emiss ions  
were low. 
t h e  l a r g e  q u a n t i t i e s  of excess  a i r  t h a t  were used. 
concen t r a t ion  was 0.24 g r / d s c f ,  c o r r e c t e d  t o  12% C02. T h i s  l e v e l  exceeded 
t h e  f e d e r a l  and s t a t e  r e g u l a t i o n s .  However, subsequent t es t s  f o r  compliance 
had an o u t l e t  p a r t i c u l a t e  loading  of 0.074 g r / d s c f ,  which shows compliance. 

However, CO l e v e l s  were h igh  and cguld no t  be exp la ined  cons ide r ing  
The average  p a r t i c u l a t e  

Elementa l  a n a l y s i s  of  t h e  g lass -and  me ta l - f r ee  bottom ash  revea led  
an  o v e r a l l  i n c r e a s e  i n  t h e  e lementa l  concen t r a t ions  when compared t o  t h e  
r e f u s e  feed. The c o l l e c t e d  f l y  a sh  conta ined  l e v e l s  of c h l o r i d e s ,  s u l f a t e s  
and some t r a c e  me ta l s  which may be of concern .  
t h e  c o l l e c t e d  f l y  a s h ;  4 PAH compounds were i d e n t i f i e d .  

PCB's were n o t  de t ec t ed  i n  

Levels  o f  BOD, COD, o i l  and g r e a s e ,  TSS and TDS i n  t h e  bottom ash  
quench water do n o t  appear  t o  be of concern.  
t o  be  < 0 . 1  m g / l i t e r  i n  a l l  samples.  

The pheno l i c  con ten t  was found 

Levels  o f  gaseous c h l o r i d e s  and o t h e r  h a l i d e s  were low. Presence 
o f  PCB's was confirmed only  i n  t h e  SASS t r a i n  XAD-2 r e s i n  a t  a concen t r a t ion  
of  3 . 6  pg/m3. 

Resu l t s  o f  t h e  SAM/lA environmental  assessment procedure  showed 
t h e  i n c i n e r a t o r  s t a c k  emiss ions  t o  have t h e  h i g h e s t  apparent  degree of h e a l t h  
hazard .  F u r t h e r  a n a l y s i s  i s  needed t o  de te rmine  t h e  e x a c t  composition of 
t h e  organic  components of t he  s t a c k  emiss ions  t o  b e t t e r  a s c e r t a i n  t h e  hazard 
p o t e n t i a l .  SAM/lA a l s o  showed t h a t  t h e  bottom ash  e f f l u e n t  had t h e  l a r g e s t  
t o x i c  u n i t  d i s c h a r g e  r a t e  due p r i m a r i l y  t o  t h e  abundance of phosphorus and 
meta ls  i n  t h i s  s t ream.  

Power P lan t  Bo i l e r  F i r e d  With Woodwaste and Fuel  O i l  

The No. 1 u n i t  a t  t h e  Bur l ing ton  E l e c t r i c  P l a n t  (Bur l ing ton ,  Vermont) 
was o r i g i n a l l y  a c o a l - f i r e d  b o i l e r  which has s i n c e  been modified t o  f i r e  
wood chips w i t h  supplementary No. 2 f u e l  o i l .  Because of t h e  h igh  mois ture  
con ten t  of  t h e  c h i p s ,  t h e  b o i l e r  cannot provide  t h e  d e s i r e d  steam ou tpu t  on 
wood a lone .  The re fo re ,  No. 2 f u e l  o i l  i s  used. Steam product ion  i s  r a t e d  
a t  100,000 l b / h r ,  which powers a 10 MW t u r b i n e  gene ra to r .  Res idua l  ash  from 
t h e  b o i l e r  i s  d i scha rged  a t  t h e  end of t h e  g r a t e  i n t o  a hopper and i s  then  
pneumat ica l ly  t r a n s p o r t e d  t o  an  emiss ion  c o n t r o l  system c o n s i s t i n g  of  t w o ,  
h igh  e f f i c i e n c y  mechanical c o l l e c t o r s  i n  s e r i e s .  For a f l u e  gas  flow r a t e  
of 60,000 acfm a t  330°F, t h e  c o l l e c t o r s  were designed f o r  an o v e r a l l  p re s su re  
drop of 6.5 i n .  H 2 0  and a c o l l e c t i o n  e f f i c i e n c y  of 97.75%. 

Sampling and a n a l y s i s  was based on t h e  ma t r ix  shown i n  F igu re  3 .  
Major r e s u l t s  and conc lus ions  of t h e  t e s t s  a r e  a s  fo l lows:  

On a h e a t  i npu t  b a s i s ,  wood accounted f o r  80% of t h e  b o i l e r  f u e l ,  
and o i l  t h e  remainder.  The h e a t  of combustion of  wood was 5870 Btu / lb  ( a s  
rece ived)  and f o r  o i l ,  t h e  h e a t  of combustion was 19,500 B t u / l b .  

1 
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Bottom a s h  a n a l y s i s  i n d i c a t e d  t h a t  most e lements  were more con- 
No P C B ' s  were d e t e c t e d  c e n t r a t e d  i n  t h e  a s h  r e l a t i v e  t o  t h e  i n p u t  f u e l s .  

i n  bottom a s h  b u t  one PAH compound, phenanthrene,  was p r e s e n t  a t  a concent ra -  
t i o n  of  0 .89  pg/g .  
b u t  s e v e r a l  PAH compounds were i d e n t i f i e d  i n  t h e  secondary a s h ,  w i t h  one 
sample c o n t a i n i n g  10 pg/g  of  phenanthrene.  

Pr imary and secondary c o l l e c t o r  a s h  conta ined  no PCB's 

P a r t i c l e  s i z i n g  a t  t h e  c o l l e c t o r  i n l e t  and o u t l e t ,  could n o t  be 
e s t a b l i s h e d  due t o  c o n s t a n t  plugging o f  t h e  o p t i c a l  c o u n t e r s  d i l u t i o n  system. 
S t a c k  c o n c e n t r a t i o n  of  p a r t i c u l a t e s  averaged 0 .08  gr /dscf  and t h e  c o l l e c t o r  
had a p a r t i c u l a t e  e f f i c i e n c y  of 94.2%. NO and SO2 c o n c e n t r a t i o n s  averaged 
66 and 138 ppm r e s p e c t i v e l y .  CO averaged $13 ppm and hydrocarbons 9 ppm. 
Analysis  of Method 5 p a r t i c u l a t e  i n d i c a t e d  c o n c e n t r a t i o n s  approaching 100 
pg/dscm f o r  Pb, Ba, S r ,  Fe and T i  i n  t h e  s t a c k  g a s e s .  
t h e  s t a c k  g a s e s  were n e g a t i v e .  

PCB and PAH t e s t s  o f  

EPA's SAM-1A a n a l y s i s  i n d i c a t e d  t h a t  t h e  secondary c o l l e c t o r  a s h  
conta ined  t h e  h i g h e s t  degree  of  hazard  a l though a l l  t h r e e  a s h  s t reams were 
s i m i l a r  i n  t h e  magnitude of  t h e i r  hazard  v a l u e s .  S tack  emissions showed a 
low degree o f  hazard .  The pr imary c o l l e c t o r  a s h  had t h e  h i g h e s t  t o x i c  u n i t  
d i s c h a r g e  r a t e .  

Steam B o i l e r  F i r e d  With Coal and D e n s i f i e d  Refuse-Derived F u e l  (d-RDF) 

Emission t e s t s  were conducted on t h e  GSA/Pentagon f a c i l i t y ' s  No. 
4 b o i l e r  i n  Ar l ing ton ,  V i r g i n i a  d u r i n g  a t e s t  burn program coord ina ted  by 
t h e  General S e r v i c e s  Adminis t ra t ion  (GSA) and t h e  Nat iona l  Center  f o r  Resource 
Recovery (NCRR).  The No. 4 u n i t  i s  a n  u n d e r f e e d - r e t o r t  s t o k e r  b o i l e r  wi th  
a r a t e d  steam c a p a c i t y  of  70,000 l b / h r  a t  125 p s i g  and 350'F. During t h e  
t e s t s ,  t h e  b o i l e r  was equipped wi th  a m u l t i c l o n e  c o l l e c t o r  f o r  removal of  
p a r t i c u l a t e s  from t h e  exhaus t  gases .  

The tes t  burn program inc luded  t h r e e  f u e l  f i r i n g  modes: 100% c o a l  
( b a s e l i n e  c o n d i t i o n s ) ,  20% d-RDF + 80% c o a l ,  and 40% d-RDF + 60% c o a l .  Samples 
of  c o a l ,  d-RDF, and t h e  coal/d-RDF mixtures  were c o l l e c t e d  hour ly  by NCRR 
and analyzed f o r  mois ture ,  a s h ,  h e a t i n g  v a l u e ,  and chemical  composi t ion.  
Severa l  d a i l y  samples o f  bottom a s h  were a l s o  c o l l e c t e d  by NCRR and an lyzed  
f o r  loss -on- igni t ion  and chemical composi t ion.  MRI conducted sampling and 
a n a l y s i s  of t h e  s t a c k  e f f l u e n t .  Parameters  measured inc luded  p a r t i c u l a t e  
c o n c e n t r a t i o n ,  gaseous c r i t e r i a  p o l l u t a n t s  (SO2, NO , CO and t o t a l  hydro- 
carbons) ,  and c h l o r i d e s .  
f o r  lead  c o n t e n t .  

The p a r t i c u l a t e  samples wfre f u r t h e r  and ana lyzed  

R e s u l t s  of  t h e  emission t e s t s  showed t h a t :  

;'k P a r t i c u l a t e  emiss ions  were reduced from 22 t o  38% when d-RDF 
was blended w i t h  the  o r i g i n a l  c o a l  f u e l .  
emissions were lowest  when u s i n g  t h e  20% d-RDF blend and r o s e  
a g a i n  when t h e  p r o p o r t i o n  of  d-RDF was r a i s e d  t o  60%. T h i s  
f i n d i n g  may n o t  be c o n c l u s i v e ,  however, s i n c e  t h e  b o i l e r  load  
was he ld  s t e a d y  dur ing  t h e  20% RDF f i r i n g  b u t  n o t  d u r i n g  t h e  
60% mode. 

F i l t e r a b l e  p a r t i c u l a t e  
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Q The amount o f  p a r t i c u l a t e  l e a d  emi t ted  when burn ing  d-RDF w i t h  
c o a l  i s  s u b s t a n t i a l l y  h i g h e r  t h a n  t h a t  from combustion of  c o a l  
a l o n e  (an  average  of 1000 pg/m3 wi th  20% d-RDF, and 2,260 pg/m3 
w i t h  60% d-RDF, v e r s u s  330 pg/m3 wi th  c o a l  o n l y ) .  

* C h l o r i d e  emiss ions  showed no d e f i n i t e  t r e n d  which could  be 
used t o  c o r r e l a t e  c h l o r i d e  emissions with RDF modes, though 
s l i g h t l y  h igher  c o n c e n t r a t i o n s  of  H C 1  were observed i n  two 
of t h e  samples c o l l e c t e d  dur ing  combustion of  t h e  60% d-RDF 
blend .  

:'? C o n c e n t r a t i o n s  of  s u l f u r  d i o x i d e ,  n i t r o g e n  oxides  and carbon 
monoxide a l l  appeared t o  d e c r e a s e  s l i g h t l y  when t h e  RDF was 
used w i t h  c o a l .  Because o f  t h e  very  low s u l f u r  c o n t e n t  of 
d-RDF, SO2 emiss ions  were reduced p r o g r e s s i v e l y  a s  t h e  propor-  
t i o n  of  d-RDF w i t h  coa l  was i n c r e a s e d .  However, t h e  reduct ion  
i n  NO and CO l e v e l s ,  may o r  may n o t  have been t h e  d i r e c t  re- 
s u l t  zf burn ing  d-RDF s i n c e  t h e y  a r e  h i g h l y  dependent  on b o i l e r  
combust ion c o n d i t i o n s .  

Power B o i l e r  F i r e d  With RDF 

The Hempstead Resource Recovery P l a n t  (Long I s l a n d ,  New York) 
r e c e i v e s  munic ipa l  s o l i d  was te ,  produces a r e f u s e - d e r i v e d  f u e l  and conver t s  
t h e  f u e l  t o  e l e c t r i c a l  power. The f a c i l i t y  c o n s i s t s  of two d i s t i n c t  seg- 
ments: a r e f u s e  p r o c e s s i n g  o p e r a t i o n ,  u t i l i z i n g  t h e  Black Clawson Hydra- 
s p o s a l  system; and a power house,  which c o n t a i n s  two steam b o i l e r s  and two, 
20 MW e l e c t r i c a l  t u r b i n e  g e n e r a t o r s ,  p l u s  t h e  a s s o c i a t e d  c o n t r o l  equipment. 

T e s t s  were conducted by MRI on t h e  No. 2 u n i t  of t h e  power house, 
which i s  a n  a i r - s w e p t  s p r e a d e r  s t o k e r ,  waterwal l  b o i l e r  wi th  a nominal ca- 
p a c i t y  of 200,000 l b s / h r  of steam a t  625 p s i g  and 750'F. The b a i l e r  was 
f i r e d  wi th  100% r e f u s e - d e r i v e d  f u e l  (RDF), a l t h o u g h  a u x i l i a r y  o i l  burners  
a r e  used f o r  s t a r t - u p  and dur ing  f u e l  f e e d  i n t e r r u p t i o n s .  A i r  p o l l u t i o n  
c o n t r o l s  f o r  t h e  b o i l e r  c o n s i s t  o f  a hank of  12 mechanical cyclones 
fo l lowed by an e l e c t r o s t a t i c  p r e c i p i t a t o r .  

The purpose  of t h e  assessment  was p r i m a r i l y  t o  i n v e s t i g a t e  organic  
c o n s t i t u e n t s  of  t h e  s t a c k  gases  and t o  q u a n t i f y  odorous components. 
o t h e r  t e s t s  were a l s o  inc luded .  Emission s t reams e v a l u a t e d  inc luded  t h e  
b o i l e r  bottom a s h ,  cyc lone  a s h ,  ESP a s h  and t h e  s t a c k  e f f l u e n t  g a s e s .  Sam- 
p l e s  o f  the  RDF were a l s o  c o l l e c t e d  and ana lyzed  f o r  mois ture  p l u s  chemical 
and e lementa l  composi t ion .  
composi t ion.  S t a c k  emiss ions  were cont inuous ly  monitored f o r  SOP, N O x , , C O  
0 2  and t o t a l  hydrocarbon c o n c e n t r a t i o n s ,  and were a l s o  t e s t e d  t o  determine 
l e v e l s  of vaporous mercury and aldehydes.  I n  a d d i t i o n ,  a sample was c o l -  
l e c t e d  us ing  t h e  EPA Source Assessment Sampling System (SASS) f o r  a n a l y s i s  
under  EPA's Level  1 p r o t o c o l .  

However, 

The t h r e e  a s h  s t reams were analyzed f o r  e lementa l  

R e s u l t s  o f  t h e  t e s t  program d i d  not  i n d i c a t e  any p o l l u t a n t  emis- 
s i o n s  of  major concern .  S t a c k  gases  conta ined  r e l a t i v e l y  low c o n c e n t r a t i o n s  
of  S 0 2 ,  NO , and hydrocarbons.  Carbon monoxide l e v e l s  were s l i g h t l y  g r e a t e r  
t h a n  a n t i c l p a t e d .  
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Emissions of carbonyl  compounds (a ldehydes)  were de t ec t ed  a t  a 
maximum l e v e l  of 7 pprn ( 6 . 5  l b / h r ) .  

Mercury vapor concen t r a t ions  i n  t h e  s t a c k  e f f l u e n t  were very  low 
(< 0.12 mg/m3), and it appears  t h a t  mercury l e v e l s  a r e  g r e a t e s t  i n  t h e  f l y  
ash  c o l l e c t e d  by t h e  e l e c t r o s t a t i c  p r e c i p i t a t o r .  
cury  i n  samples of  t h e  RDF was cons t an t  a t  about  3 pg/g. 

The concen t r a t ion  of  mer- 

t 
scjera: L_^^^ ."̂ +-.l 

,.LaLC r l l c L 6 L 1 ~  werc d c t c c t e d  i n  t h e  s t a c k  gases  a t  r e l a t i v e l y  
h igh  concen t r a t ions .  O f  t h e s e ,  l e a d ,  antimony, chromium, and a r s e n i c  were 
mos t  no tab le .  The i r  r e spec t ive  concen t r a t ions  i n  t h e  SASS sample were 580, 
460,  6 4 0 ,  and 560 pg/m3. 
and ESP ash  s t reams a l s o  i n d i c a t e d  t h a t  many of  t h e  more v o l a t i l e  e lements  
were a s soc ia t ed  wi th  t h e  sma l l e r  s i z e d  p a r t i c l e s .  

Elemental  a n a l y s i s  o f  t h e  bottom a s h ,  cyclone a s h ,  

Organic a n a l y s i s  of t h e  SASS sample,  u s ing  EPA Level 1 and add i -  
t i o n a l  GC/MS a n a l y t i c a l  t echn iques ,  showed a v a r i e t y  of  o rgan ic  c o n s t i t u e n t s .  
No s i n g l e  compound group appeared t o  predominate,  a l though s e v e r a l  po lynuc lea r  
a romat ic  hydrocarbons were d e t e c t e d .  A l l  organ ic  r e s u l t s  were q u a l i t a t i v e .  

Compounds c o n s i s t e n t l y  observed i n  a l l  SASS component e x t r a c t s  
inc luded  naphtha lene ,  f l uo ran thene ,  acenaphthylene ,  pyrene ,  phenanthrene/ 
an th racene ,  b i s (2e thy lhexy l )  p h t h a l a t e ,  and diphenylamine. The ma jo r i ty  of 
a d d i t i o n a l  compounds were found i n  t h e  XAD-2 r e s i n  e x t r a c t  and inc luded  two 
chlorobenzenes,  hexachlorobenzene, f l u o r e n e ,  and d i - b u t y l p h t h a l a t e .  
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