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EXECUTIVE ~ U ~ ~ R Y  

I n c i n e r a t i o n  of mun ic ipa l  s o l i d  wastes (MSW) w i t h  h e a t  r ecove ry  f o r  power 

g e n e r a t i o n  is be ing  used i n c r e a s i n g l y  i n  t h e  Uni ted  States t o  r educe  t h e  volume 

of waste t o  be l a n d f i l l e d .  Convent iona l  MSW i n c i n e r a t i o n  is an expens ive  tech- 

nology because  of i n i t i a l  c a p i t a l  costs and h i g h  o p e r a t i o n  and maintenance 

c o s t s .  Revenues from electrical  power sales and ,  i n  some cases, thermal energy  

i n  the form o f  steam a r e  used t o  o f f s e t  t h e s e  costs and reduce  t h e  d i s p o s a l  

fees. 

I n  some l a n d f i l l s ,  'Bcodisposal '8  h a s  been used as a t e c h n i q u e  f o r  d i s p o s a l  

I n  t h i s  t e c h n i q u e ,  i n d u s t r i a l  l i q u i d  of hazardous  chemical wastes i n  t he  p a s t .  

wastes were dumped i n t o  excava ted  p i t s  w i th  MSW s p r e a d  ove r  t he  l i q u i d s  and s o i l  

f i n a l l y  used  t o  cove r  t h e  p i t s .  The assumpt ion  i n  t h i s  d i s p o s a l  t e c h n i q u e  was 

tha t  t h e  MSW would a b s o r b  t h e  hazardous  l i q u i d s  and p r e v e n t  them from l e a c h i n g  

from t h e  waste p i t s  i n t o  t h e  su r round ing  s o i l  and a q u i f e r s .  

l a n d f i l l s ,  hazardous  chemica l s  have been detected i n  a q u i f e r s  n e a r  t h e  waste 

p i t s  i n d i c a t i n g  d i s p e r s i o n  of t h e  hazardous  chemica l s  beyond t h e  i n i t i a l  waste 

p i t  areas. 
Site (DADS) which has been p l a c e d  on t h e  Environmental  P r o t e c t i o n  Agency (EPA) 

n a t i o n a l  p r i o r i t y  list (NPL). 

I n  some c o d i s p o s a l  

One such  c o d i s p o s a l  l a n d f i l l  s i te is the  Denver Arapahoe Di sposa l  

The Air Force is invo lved  i n  s e v e r a l  EPA and Air Force NPL l a n d f i l l  s i te  

r e s t o r a t i o n  a c t i v i t i e s  as a p o t e n t i a l l y  r e s p o n s i b l e  p a r t y .  

performed for t h e  Air Force Regional  C i v i l  Eng inee r s  (AFRCE) t o  c o n t r i b u t e  t o  

its c a p a b i l i t i e s  i n  t h e  economic r e s t o r a t i o n  o f  such  NPL sites. 

This  s t u d y  h a s  been 

GOALS AND OBJECTIVES 

The o v e r a l l  goal of t h i s  s t u d y  is t o  p rov ide  the  AFRCE w i t h  a n a l y s i s  of t h e  

f e a s i b i l i t y  o f  r educ ing  the cost of hazardous  waste t r e a t m e n t  a t  a c o d i s p o s a l  

s i t e  th rough  i n c i n e r a t i o n  o f  MSW and hazardous  wastes u s i n g  a n  i n t e g r a t e d  sys tem 

d e s i g n  a t  a c m o n  site. 
f o r  a p r e l i m i n a r y  a n a l y s i s  of MSW i n c i n e r a t i o n  coup led  w i t h  heat r ecove ry  from 

The o b j e c t i v e  o f  t h i s  s t u d y  is t o  deve lop  i n f o r m a t i o n  

x i  



hazardous waste incineration fo r  power generation i n  an integrated facil i ty 

that could reduce the overall costs o f  hazardous waste treatment. I n  addition, 

the use of a large number o f  waste tires stored a t  the codisposal s i t e  is to be 

evaluated as a part o f  the integrated power generatian system. 

APPROACH 

Analysis o f  hazardous waste incineration systems was performed i n  a com- 

panion s t u d y  by the Science Applications International Corporation (SAIC). 

primary tasks summarized i n  t h i s  report are (1) to  characterize t h e  DADS s i t e ,  

(2)  t o  characterize the MSW and waste t i r e s  a t  the DADS s i t e ,  ( 3 )  t o  review the 

current technology of large-scale MSW incineration w i t h  electrical  power genera- 

tion, ( 4 )  t o  evaluate the energy market f o r  e lectr ic i ty  and thermal energy a t  

the DADS s i te ,  inc lud ing  t h e  Buckley Air National Guard Base nearby, and 

( 5 )  make a preliminary estimate o f  economic advantages and disadvantages of an 
integrated MSW and hazardous waste incinerator system us ing  the results o f  the 

SAIC analyses o f  heat recovery from hazardous waste incineration processes. 

The 

I ~ ~ E ~ ~ A T ~  FACILITY DESIGN 

Based on a preliminary s i t e  characterization s tudy  performed i n  1986 f o r  

the €PA, SAIC estimated the following quantities o f  waste as the design basis 

fo r  hazardous waste incineration processes: 

durable goods, and 3,900,000 tons of s o i l  for a to ta l  of 4,332,000 tons of 
hazardous wastes. 

hazardous waste incineration components. 

380,000 t o n s  o f  MSW, 52,000 tons o f  

A processing time of 12 years was assumed for processing the 

A two-incinerator/boiler conventional MSW incinerator was selected as  the 
basis f o r  integration w i t h  hazardous waste incinerators w i t h  heat recavery 

boilers. 

generates 76,400 l b s h r  of superheated steam a t  830'F and 865 ps ig .  

Each MSW incinerator has a 333 tons per day nominal throughput and 

Three t y p e s  o f  hazardous waste incinerator systems were recommended by SAIC 

for  development of the hazardous waste treatment portion af an integrated waste 

treatment faci l i ty .  Ratasy k i l n  incinerators were recommended f o r  treatment o f  

x i i  



contaminated MSW, contaminated s o i l s ,  and durable goods. 

c i r cu la t ing  bed combustors replaced rotary k i l n s  f o r  treatment o f  contaminated 

soils. 
used t o  t r e a t  contaminated durable goods. 

I n  a second option, 

I n  a t h i r d  treatment option, a f i x e d  or multiple-hearth inc inera tor  was 

The ro ta ry  k i l n  and c i r c u l a t i n g  bed combustor inc inera tors  were evaluated 

for heat recovery po ten t i a l s ,  processing t h e  contaminated MSW and contaminated 

s o i l  waste streams. 

average r a t e  of 86 tons per day could produce 57,519 l b s h r  o f  turbine qua l i ty  

steam. Four rotary k i l n s  processing a t o t a l  o f  890 tons per day o f  contaminated 

s o i l s  could produce 150,956 lbs /hr  of turbine qua l i t y  steam, and two c i r cu la t ing  

bed combustors processing t h e  same rate o f  contaminated s o i l s  could produce 

21,227 lbs /hr  o f  steam. 

A s ing le  ro ta ry  k i l n  processing contaminated MSW a t  an 

These steam production rates and t h e  associated c a p i t a l  and operating cos t s  

Capi ta l  

f o r  these hazardous waste inc ine ra to r s  were used t o  develop an in tegra ted  steam 

power generation system fo r  two options of contaminated s o i l  treatment. 

cos t s  for the beat recovery equipment were approximately $500,000 for the MSW 
ro ta ry  k i l n  and s o i l  c i r cu la t ing  bed combustor systems, and approximately $2 

mil l ion f o r  the  s o i l  ro ta ry  k i l n  system. 

including c a p i t a l  and operating c o s t s ,  range from $0.6 t o  $1.1 per thousand 

pounds o f  steam f o r  these three hazardous waste heat recovery options,  w i t h  the  

lowest f o r  t h e  s o i l  ro ta ry  k i l n  systems and the  highest  for the s o i l  c i r cu la t ing  

bed combustor systems. 

The cos t  o f  steam production, 

Two integrated power generation system options were developed from these 

hazardous waste inc inera tor  systems. 

t o r s  t o  process contaminated MSW, contaminated s o i l ,  and durable goods. 

of 57,500 lbs /h  o f  tu rb ine  qua l i t y  steam from t h e  MSW ro ta ry  k i l n  is  combined 

with 151,000 lbs /h  o f  steam from t h e  s o i l  rotary k i l n s  i n  t h i s  system. These 

steam flows are combined with 76,400 I b s h  of steam from one conventional MSW 
b o i l e r  for  a t o t a l  steam flow capacity of 284,900 lbs /h  which is supplied t o  two 

t u r b i n e  generators w i t h  25.8 MW net electrical capacity.  Option 2 o f  t h e  

in tegra ted  power generation systems is based on replacing t h e  rotary k i l n s  

t r e a t i n g  contaminated s o i l  i n  Option 1 w i t h  two c i r cu la t ing  bed cornbustor 

Optiori 1 uses only rotary k i l n  incinera-  

A flow 
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i n c i n e r a t o r s ,  which can  produce 21,200 l b s / h  of t u r b i n e  q u a l i t y  steam. 

t o t a l  steam flow capacity from t h e  contaminated  MSW r o t a r y  k i l n ,  s o i l  

c i r c u l a t i n g  bed combustor ,  and one conven t iona l  MSW i n c i n e r a t o r / b o i l e r  is 

155,100 lbs /h  of  t u r b i n e  q u a l i t y  steam which is fed t o  one steam g e n e r a t o r  w i t h  

a n e t  electrical g e n e r a t i n g  c a p a c i t y  of  14.4 MW. 

The 

An i n t e g r a t e d  waste i n c i n e r a t o r  power g e n e r a t i o n  system at  a common s i te  

creates t h e  p o s s i b i l i t y  f o r  i n t e g r a t i n g  c e r t a i n  o p e r a t i o n a l  f e a t u r e s  and s h a r i n g  

o f  s u p p o r t  s e r v i c e s  between the  two waste faci l i t ies .  

t a l  cost s a v i n g s  from such an i n t e g r a t e d  system would result from the  s h a r i n g  

o f  a common feedwater /deaera tor  system and steam system t o  circulate feedwater  

t o  b o i l e r s  and then  t r a n s p o r t  steam t o  t h e  t u r b i n e s .  

were evaluated wi th  r e s p e c t  t o  pe r sonne l  s a v i n g s  for the combined o p e r a t i o n  of  

conven t iona l  MSW and hazardous  waste systems. Although some pe r sonne l  s a v i n g s  

were possible i n  several areas o f  o p e r a t i o n ,  i n c l u d i n g  maintenance p e r s o n n e l ,  

l a b o r a t o r y  p e r s o n n e l ,  and o p e r a t i n g  pe r sonne l  i n  g e n e r a l ,  l a r g e  r e d u c t i o n s  i n  

o p e r a t i o n s  c o s t s  were n o t  a n t i c i p a t e d  from i n t e g r a t i n g  t h e  waste i n c i n e r a t i o n  

systems. 

realized i f  a s i n g l e  o p e r a t i n g  o r g a n i z a t i o n  was used f o r  bo th  conven t iona l  MSW 
and hazardous  waste systems. 

The most impor tan t  c a p i -  

Other o p e r a t i o n a l  systems 

The o p e r a t i n g  c o s t s  r e d u c t i o n s  t h a t  were f e a s i b l e  would only  be 

The most s i g n i f i c a n t  r e d u c t i o n  i n  o p e r a t i n g  c o s t s  would result from t h e  use 

of waste tires stared on the  s i te  i n  t h e  s o i l  r o t a r y  k i l n  system. 

value of waste t i r e s  would r e p l a c e  a l a r g e  amount of  f u e l  o i l  used f o r  a u x i l i a r y  

h e a t i n g  i n  t h e  Option 1 i n t e g r a t e d  system. 

o p e r a t i n g  c o s t s  cou ld  be r e a l i z e d  through t h e  use  o f  approximate ly  37 t o n s  per  

day o f  waste t ires i n  t h e  s o i l  r o t a r y  k i l n  system. 

The h e a t i n g  

Approximately $2 mi l l i on /y r  i n  

A p r e l i m i n a r y  e v a l u a t i o n  of p r o c e s s i n g  c o s t s  f o r  hazardous  waste 

i n c i n e r a t i o n  was performed based on estimated c o n s t r u c t i o n  c o s t s ,  annual  

o p e r a t i n g  and maintenance ( O h )  c o s t s ,  and revenues  from energy sales. These 
p rocess ing  c o s t s  also d i d  no t  i n c l u d e  any c o s t s  for  exhuming and t r a n s p o r t i n g  

t h e  hazardous waste materials from the c o d i s p o s a l  p i t s  t o  the waste p r o c e s s i n g  
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faci l i ty .  

waste incinerator systems were based on a 0.6 availability factor which was used 

t o  reflect  the lower operating re l iab i l i ty  of hazardous waste incinerator 

equipment compared a 0.8 availabil i ty for conventional waste incinerator 

systems. 

Annual O h  costs and power generation revenues from the hazardous 

Construction costs, annual O h  costs, e lectr ic i ty  production, and annual 

waste processed data are summarized i n  Table ES.1. T h i s  table presents data fer 

base casen waste incineration systems that are separate f ac i l i t i e s  for conven- 

tional MSW incineration and hazardous waste incineration. The "base case" con- 

ventional MSW incineration p lan t  has two incinerator/boilers, whereas the 

integrated waste faci l i ty  has o n l y  one conventional MSW incinerator/boiler , 
which results i n  a reduction by one-half for the annual MSW processed between 

the base case and the integrated faci l i ty  opt ions .  

revenue, shown i n  Table ES.l, is for an electr ic i ty  value o f  $O.MS/liWh, the 

value o f  electr ic i ty  purchased under PURPA regulations i n  the Denver area i n  
1986. 

produced by a waste incinerator plant a t  the DADS s i t e .  

e# 

The annual e lectr ic i ty  

The PURPA power market was assumed t o  be the primary market f o r  energy 

The u n i t  processing costs were calculated on the basis o f  a 10% per year 

financing rate applied t o  t h e  construction costs. 

includes a revenue item for the annual conventional waste processing credit. 

T h i s  credit is based on the disposal costs for a 

incinerator plant and was $43/ton for an electr ic i ty  value o f  $0.045/kWh. 

resulting u n i t  processing costs for a $0.045/kWh are shown i n  Table ES.2. 
results of t h i s  analysis indicate that a t  t h e  $0*04S/kWh electr ic i ty  value, the 
processing costs could be reduced by $24/tOn or 13% for  the higher cost Option 1 

faci l i ty  and by $4/tOn or 3.3% for the lower cost Option 2 faci l i ty .  

The processing cost a lso 

88 base case" conventional MSW 
The 

The 

FINDINGS 

The major f ind ings  drawn from t h i s  s t u d y  and the companion s tudy  o f  energy 

recovery from hazardous waste incinerators by SAIC are summarized under the 

categories o f  technical, economic, and insti tutional f ind ings .  

XV 



Table ES,1. Smary  data on integrated ous waste incineration. 

Conventional MSW Plant 
Hazardous Waste System 

Conventional MSW Plant 
Hazardous Waste System, 

Option 1 
Option 2 

Conventional MSW Plant 
Hazardous Waste System, 

Option 2 
Option 1 

Annual Waste Processed (103 tons) 
Integrated Fac i l i ty  

Base Case Option 1 Option 2 

145.9 72.9 72.9 
216.6 216.6 216.6 

Construction Cost (106 $1 

60.0 44.5 41 .Q 

24.3 23.9 
20.7 18.8 

Annual O h  Costs (lo6 $) 

4,8 2.4 2.4 

37.4 35.4 
24 56 24.56 

Elec t r ic i ty  Production 

Annual Sales (106 kWh) 100.9 151.4 86.2 

% o f  Power From Hazardous Waste 0 67.2 43.6 
Annual Revenue (lo6 $1 4.54 6.90 3.97 

Table ES.2. Uni t  processing cost ($/ton) for construction and Oh costs.1 

Conventional MSW Plant 43 43 43 

Hazardous Waste System,* 

Option 1 
Option 2 

184 
123 

160 
119 

lAssume 10% financing ra te  and a 4.5thWh e l e c t r i c i t y  value. 

2Costs do not  include cost  o f  exhuming waste and t ransport  t o  the treatment 
f ac i l i t y  . 
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Technical Findings 

1. Characterization o f  buried MSW and contaminated s o i l  can affect the heat 

recovery potential from incineration of hazardous wastes a t  the DADS s i te .  

2. Contaminated s o i l  could represent the largest fraction of the DADS wastes, 

b u t  the extent of s o i l  contamination beneath the waste p i t s  has not been 

verified experimentally. 

3 .  RQtary k i l n s ,  circulating bed combustors, and fixed hearth incinerators are 

recommended for thermal treatment of DADS hazardous wastes. 

4. Large quantities of turbine quality steam can be produced from incineration 

o f  hazardous wastes a t  the DADS s i te .  

5. Waste t i r e s  stored a t  the DADS s i t e  could be used beneficially as supple- 

mentary fuel i n  rotary k i l n s  treating contaminated soils. 

Em’bnic Findings 
,’ 

\ ’  

1. The primary market f o r  energy recovered from incineration a t  the DADS s i t e  

is electr ic i ty  so ld  t o  the local u t i l i t y  a t  PURPA rates. 

2. Integrating conventianal and hazardous waste incineration f ac i l i t i e s  would 

produce relatively small operating cost reductions. 

3 .  Low operating availabil i ty of hazardous waste incinerators reduces their 

value as revenue generators. 

4. Thermal treatment is  a very expensive treatment option for  DADS wastes. 

5. Although t h e  cost of recovered heat from incineration o f  hazardous wastes 

appears t o  be attractive,  integrating hazardous waste and conventional MSW 
incineration for power production has a limited affect on the cast of 

treating DADS wastes. 
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I n s t i t u t i o n a l  Findin 

1. An integrated waste treatment f a c i l i t y  would require a s ing le  aperator and 

a unified design approach. 

2. Mismatch i n  operating l i v e s  o f  conventional and hazardous waste incinera- 

t i o n  systems requires resolution for  economic use of  investment i n  the con- 

ventional. waste system. 

3 .  The v i a b i l i t y  o f  the integrated waste incinerat ion f a c i l i t y  concept for  a 

s i t e  such as the DADS s i t e  is  linked very closely w i t h  the economic 

v i a b i l i t y  of a conventional MSW incinerator  power plant a t  the DADS s i t e .  

1. I n  order t o  reduce overa l l  cos t s  for  s i t e  decontamination, AFRCE should 

encourage invest igat ion o f  '' i n - s i t u e a  decontamination methods because o f  the 

high cost  of exhuming and incinerat ing the large quantity o f  contaminated 

material  - l a rge ly  s o i l  - estimated a t  the DADS s i t e .  

2. If incinerat ion is  selected for  treatment o f  DADS wastes, moisture and 

corrosion cha rac t e r i s t i c s  o f  the buried MSW and contaminated s o i l  should be 
reviewed fo r  t he i r  e f f e c t  on heat recovery before proceeding w i t h  the 

integrated power generation concept. 

3 .  AFRCE should proceed with t h e  development of  an optimization model for  

s iz ing  hazardous waste systems t o  changing hazardous waste thermal t r e a t -  

ment scenarios.  

x v i i i  



AE3STRACT 

Incinerat ion of municipal s o l i d  wastes (MSW] with heat  recovery fo r  power 
generation is being used increasingly i i 7  t h e  U.S. t o  reduce t h e  volume o f  wastes 
t o  be handfilled. High-temperature inc inera t ion  i s  also beginning t o  be used t o  
decontaminate s i t e s  where hazardous chemicals were disposed of i n  t h e  pas t  with 
large amounts of heat u s u a l l y  wasted i n  such inc inera tors .  

This s tudy  was performed for t h e  Air Force Regional C i v i l  Engineers (AFRCE) 
t o  assist i n  t h e  r e s to ra t ion  of National P r i o r i t y  List (NPL) l a n d f i l l  s i tes  i n  
which t h e  Air Force is involved. 
reducing t h e  cos t  of t r e a t i n g  hazardous wastes from a contaminated l a n d f i l l  by 
in tegra t ing  heat recovery from inc inera t ion  of conventional MSW and hazardous 
wastes i n  a common power p lan t .  The NPL si te  selected t o  examine t h i s  concept 
was t h e  Denver Arapahoe Disposal Site (DADS), known loca l ly  as the Lowry 
Landf i l l ,  t h a t  is the  l a r g e s t  ac t ive  l a n d f i l l  i n  t h e  Denver area.  
a l so  has a la rge  number of waste t ires s tored  which could be used i n  heat 
recovery inc ine ra to r s  t o  produce power. 

The goal was t o  assess t h e  f e a s i b i l i t y  of 

This  s i te  

T h i s  repor t  presents  a charac te r iza t ion  of MSW inc inera t ion  technologies,  
an energy market evaluation i n  the  DADS area ,  an evaluation o f  energy recovery 
from waste tires, a conceptual design of an in tegra ted  inc inera t ion  power p l an t ,  
and an economic analysis of hazardous waste processing costs and po ten t i a l  
savings with an in tegra ted  fac i l i ty .  Analyses of t h e  amount and types of hazar- 
dous wastes, appropriate inc inera t ion  technologies,  a process design t o  s i z e  
f l u e  gas heat recovery equipment, and cos t  es t imates  f o r  hazardous waste incin-  
e r a t o r  systems and heat recovery equipment were performed by Science 
Applications In te rna t iona l  Corporation (SAIC)  i n  a companion s tudy  and used i n  
t h i s  report .  

The primary conclusion of t h i s  study is t h a t  processing cos t  savings with 
an in tegra ted  waste inc inera tor  power plant  range from 6 t a  20% of costs com- 
pared t o  separa te  hazardous waste inc inera t ion .  However, t h i s  result depends on 
the  amount and moisture content of the  waste material and the electricity value 
sold t o  t h e  l oca l  u t i l i t y .  
'hazardous waste inc inera t ion  technologies recommended, the  market fo r  energy 
products, and i n s t i t u t i o n a l  r e s t r a i n t s  and requirements. 

Other results and conclusions include t h e  types of 
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POWER GENERATION FROM WASTE INCINERATIW 

1. INTRI#XICTION 

1.1 BACKGROUND 

Incinerat ion of municipal s o l i d  waste ( M S W )  f o r  the purpose of reducing the 

Landf i l l s  are the  most common method o f  MSW disposal.  

waste volume is not  a new technology, but has not been used extensively i n  the  

United States. Many o f  
the  ex i s t ing  nat ion’s  l a n d f i l l s  are reaching their  capaci ty ,  and developing new 

l a n d f i l l s  is becoming increasingly expensive. Municipali t ies are now inves t i -  

gat ing t h e  use of so l id  waste inc inera tors ,  and some have constructed and 

started operation of these  facil i t ies.  

Sol id  waste inc inera t ion  is an expensive technology because of the  i n i t i a l  

c a p i t a l  cos t s  and operation and maintenance costs .  

reduce the  costs o f  these faci l i t ies ,  heat. from t he  burning waste is used t o  

generate steam and electricity. 

waste f o r  addi t iona l  revenue. 

To help t o  s t a b i l i z e  or  

Some fac i l i t i es  recover iran and g l a s s  from the  

The type of inc inera tor  and energy recovery equipment depends on the  

Typically, MSW waste 

higher heating value” o f  
composition and quant i ty  o f  t he  so l id  wast.; stream. 

contains over TO% by weight combustibles having a 

about 4500 Btu/lb of  waste. However, there can a l s o  be large quan t i t i e s  of a 

pa r t i cu la r  waste component, such as scrap tires, a t  a given s i te .  This waste 

component has a high f u e l  value and can have a s ign i f i can t  bearing on ava i lab le  

energy recovered a t  an ex i s t ing  l a n d f i l l  site. 

88 

I n  addi t ion t o  the normally expected type s o l i d  waste, there may be other  

waste, c lass i f ied as hazardous waste, requir ing treatment. 

d i spasa l  of i ndus t r i a l  chemical wastes had taken many approaches, some of which 

have created a legacy of environmental problems for  cur ren t  and fu ture  

generations because of i n su f f i c i en t  long-term containment of hazardous chemical 

In  the  pas t ,  

... .,......__._._.. __i.7.r... -. - 
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const i tuents  -- heavy metals, PCB's, and aromatic hydrocarbons among others.  

wastes were dumped i n t o  excavated waste p i t s  o r  lagoons, MSW was next spread 

in to  t h e  l i q u i d s ,  and s o i l  was used t o  f ina l ly  cover the p i t .  The assumption 

made i n  t h i s  codisposal technique was tha t  the MSW and s o i l  would absorb the 

toxic  l i q u i d s  and prevent them from leaching and migrating from the waste p i t  

i n to  the surrounding soil.  and aquifers .  

CodisposalE8 was one of the disposal techniques used i n  which indus t r i a l  l i q u i d  aa 

I O  With the passage o f  time, some codisposal" s i t e s  have begun t o  indicate  

tha t  uncontrolled dispersion o f  toxic  chemicals was occurring, threatening local  

groundwater sources i n  the near-term and widespread contamination of large 

aquifers  tha t  supply  raw water t o  major population centers i n  the longer term. 

Thus ,  such s i t e s  have been placed on the  EPA's National P r i o r i t i e s  L i s t  (NPL) 

under t h e  EPA Superfund Program for  Remedial Investigation ( R I )  and ultimate 

destruct ive treatment o f  the codisposed, mixed toxic l i q u i d  and MSWs. 

High-temperature (2,200-2,400'F) incinerat ion is the method often used for  

destroying (99.9999% destruction eff ic iency)  toxic  wastes and contaminated s o i l s  

from codisposal-type hazardous waste s i t e s .  T h i s  incinerat ion process requires 

large amounts of natural  gas fue l  burned re la t ive ly  ine f f i c i en t ly  w i t h  excess 

a i r  t o  promote complete combustion of t h e  toxic materials.  

energy c o n t m t  of the fue l  is wasted i n  quenching the off-gas stream. 

heat recovery from the high-temperature off-gas could be a t t r a c t i v e  for  

superheating steam and/or as an economizer for  a steam cycle power plant .  

hazardous waste incinerator  f a c i l i t y  could be located a t  an operating l a n d f i l l  

where an MSW incinerator  could a l s o  be operated t o  process fresh MSW from an 

urban area.  

provide an opportunity for  e f fec t ive  integrat ion o f  the two incinerator  
operations for  maximum economic eff ic iency.  

Normally, the e n t i r e  

However, 

A 

Therefore, the collocation of both types of incinerators  could 
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The Air Force is involved as a Poten t ia l ly  Responsible Party (PRP) i n  

severa l  EPA and Air Force NPL l a n d f i l l  s i tes.  

contributing t u  the ul t imate  economic res tora t ion  of such sites. 

been performed for  t h e  Air Force Regional C iv i l  Engineer [AFRCE) t o  contr ibute  

t o  i t s  generic capabi l i ty  t o  pa r t i c ipa t e  construct ively i n  NPL site res tora t ion  

e f f o r t s  

It ,  therefore ,  has an i n t e r e s t  i n  

This  s tudy  has 

The overa l l  goal of t h i s  study is  t o  provide t h e  AFRCE wi th  an ana lys i s  of 

t h e  f e a s i b i l i t y  of reducing the cos t  of hazardous waste treatment through 

incinerat ion o f  MSW and hazardous wastes using an integrated system design a t  a 

common s i te .  

The spec i f i c  object ive is t o  provide i3 framework for performing analyses o f  
MSW incinerat ion for  power generation, heat recovery from hazardous waste 

thermal treatment and other  operational features t h a t  could be in tegra ted  with 

an NSW inc inera tor  facil i ty i n  a manner t h a t  reduces overa l l  costs .  

1.3 APPROACH 

The approach taken i n  t h i s  study is t o  use a spec i f i c  WL s i t e  selected by 

generic" i n  the  sense that t h e  r e s u l t s  could have appl icat ions over a range o f  

sa 
t h e  AFRCE as the  basis for  a generic'' s tudy .  The study is intended t o  be 
*a 

assumed values of c e r t a i n  key var iables .  

a t  t h e  spec i f i c  NPL si te  selected has only been p a r t i a l l y  completed, so t h a t  

levels and volume of contamination of buried hazardous wastes are not known 

precisely.  

represent the  s p e c i f i c  NPL si te,  but i t  used information available from t h e  

s p e c i f i c  NPL s i t e  as the  s t a r t i n g  point for defining ranges of values fo r  
analyses t o  be performed, 

Characterization of hazardous wastes 

Thus, t h e  study was not based on a s ing le  set of conditions t o  
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Analysis o f  thermal treatment processes of hazardous wastes was performed 
i n  a companion s t u d y  by the Science Applications Internat ional  Corporation 

(SAIC). The results of the SAIC s t u d y  havz been used i n  the analysis of 

integrat ing the hazardous waste treatment process w i t h  an MSW incinerator  plant. 

The primary tasks  i n  this s t u d y  are (1) t o  character ize  an NPL l a n d f i l l  

s i t e  w i t h  codisposed MSW and hazardous waste and a large number o f  scrap t i r e s ,  

(2)  t o  character ize  the MSW and scrap t i r e s  a t  the s i t e ,  ( 3 )  t o  review the 
current technology o f  large-scale ( G O O  TPD) MSW incineration w i t h  e l e c t r i c  

power production, (4)  t o  character ize  the energy market f e r  e l e c t r i c i t y  and 

thermal energy, as steam or hat a t e r ,  for t h e  spec i f j c  s i t e  selected by the 

AFRCE, and (5) u s i n g  the r e s u l t s  of the SAIC analyses of hazardaus waste thermal 

treatment processes La make a preliminary estimate o f  the economic advantages 

and disadvantages of locating an MSW inc inera tor ,  a scrap t i r e  incinerator ,  i f  

required, and a hazardous waste incinerator  a t  a coininon s i t e  for t h e  most 

cost-effect ive waste treatment option. 

I n  the following sect ion,  a br ief  winnary o f  essenti .al  information is  

presented on the spec i f ic  s i t e  used as  a basis  for  t h i s  generic s tudy .  
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2. SITE CHAfWCTERIZATION 

2.1 GBJ 

The information presented i n  t h i s  selstion was obtained from Ref. 2.1. The 
character izat ion of the  s i t e  presented i n  t h i s  report  is  restricted t o  general 

information f o r  descr ip t ive  purposes. tie~ice, important considerations o f  site 

s u i t a b i l i t y  from an engineering perspective o f  design for  new plan t  faci l i t ies  - 
such as loca l  geology, hydrology, u t i l i t y  requirements - are not included i n  

t h i s  study. 

hazardous wastes a t  t h e  Denver Arapahoe Disposal Services (OADS) s i te,  as 

documented i n  Ref. 2.1, is discussed i n  a companion SAIC study report ,  Ref, 2.2. 

Also, information on contamination from codisposed municipal and 

2.2 LOCATION 
The l a n d f i l l  selected by t h e  AFRCE fo r  t h i s  s t u d y  is t h e  DADS l a n d f i l l ,  

commonly known as t h e  Lowry Landfil l .  This 2,680 acre l a n d f i l l  s i t e  is located 

i n  sec t ion  6 o f  Arapahoe County, approximately 20 miles southeast  of Denver and 

two miles east of Aurora, Colorado, as shom on Fig. 2.1. 

2.3 CLIMATE AND GENERAL PHYSICAL CHARACTERISTICS 

Climate a t  t h e  DADS l a n d f i l l  is characterized as semi-arid and low humidity 

w i t h  15.3 in .  average annual r a i n f a l l .  

south e 

Prevai l ing winds are generally from the  

Surface topography is gent ly  r o l l i n g  - see Fig. 2.2 - w i t h  occasional small 

surface streams that  f low general ly  north. An unnamed creek flows northward 

across t h e  l a n d f i l l  and drains  i n t o  Murphy Creek, t h a t  drains  i n t o  t h e  South 

P l a t t e  River, as shown i n  Fig. 2.1. 



LEGEND 

Q DEVELOPMENTS 

FIGURE ES-1 

LOWRY L A h O F  I L L  R I  REPORT 
P t i A S t  I 
W67690 RI  

LOCATION MAP 

- 

Fig. 2.1. Location map For Lowry Land f i l l  (From Ref.  2.1). 
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3 

Fig. 2.2. view o f  Lowry Landfi l l ,  looking north, showing waste tires. 
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Groundwater i s  used extensively i n  the area for r e s iden t i a l  development i n  

Arapahoe County outside Aurora. 

shallow, discontinuous a l luv ia l  and weathered bedrock system and (2) a lower 

unweathered bedrock system. A scrmmary description o f  groundwater flows, as 

excerpted f rom Ref. 2.1, is presented below. 

Groundwater systems are  divided i n t o  (1) a 

Leachate flows i n  the mnamed creek are  continuous. These flows, measured 

since August 1985, vary between 24 gallons per minute i n  September 1985 t o  

approximately 8 gallons per minute i n  May 1986. 

Data from f ive  s e t s  o f  nested groundwater monitorhg wells and from a water 

balance calculated for the s i t e  confirm the presence o f  downward ve r t i ca l  

gradients ,  indicat ing conditions i n  which water can potent ia l ly  move from 

upper to  lower water-bearing zones. 

Calculated estimates o f  groundwater ve loc i t ies  indicate  tha t  ve r t i ca l  

movement of i n f i l t r a t i n g  water and, possibly, contaminants carried by the 

water could be as  h i g h  as 20 f ee t  per year, resu l t ing  i n  a 400-foot 

downward penetration i n t o  the unweathered lower bedrack i n  t h e  20-year 

history of the s i t e .  

A lack of continuity was observed i n  the subsurface bedrock s t r a t a ,  making 

it d i f f i c u l t  t o  draw geologic correlat ions across the s i t e .  

several  hundred f ee t  apart encountered diss imilar  l i t ho log ic  bodies. 

Sorings only 

Groundwater movement across these otherwise discontinuous l i tho logies  may 

be enhanced by the presence of f ractures .  

continuous core samples and i n  log data from on-site borrow p i t  

excavations. 

Fractures were found i n  on-site 

Shallow groundwater l eve l s  appear t o  be increasing i n  cer ta in  areas of the 

l a n d f i l l .  
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2.4 WASTE DISPOSAL PRACTICES 

Prior t o  1965, the DADS si te  was owned by the  U.S. Air Force and was a part 

o f  Lowry Air Force Base loca ted  i n  Aurora, 10 miles t o  t h e  west-northwest. 

1965, t h e  s i t e  was deeded t o  the C i t y  and County of Denver which began us ing  i t  
as a l a n d f i l l .  Between 1965 and 1980, K W ,  l i q u i d  and so l id  wastes, and 
domestic sewage sludge was codisposed by f i l l i n g  excavated p i t s  about 
three-fourths  f u l l  of waste l i q u i d s  and t h e n  f i l l i n g  the p i t s  w i t h  MSW. I t  has 

been estimated tha t  100 mi l l ion  ga l lons  of waste l i q u i d  were disposed of during 

t h e  15-year period. 

In 

In  addi t ion  t o  t h e  wastes discussed above, a large number of scrap t i res ,  
estimated t o  be between 8 and 12 mi l l i on ,  were p i l e d  on top  of c e r t a i n  por t ions  

o f  t h e  l a n d f i l l ,  as shown i n  Fig. 2.3. 

waste fuel for poss ib le  use i n  a waste-to-energy p lan t .  

hinder sampling of por t ions  of t h e  contaminated waste p i t s ,  located i n  t h e  ea r ly  

l a n d f i l l  areas. 

These tires present  a unique form of 

However, they also 

I n  1980, Waste Management, Inc., began operat ing the DADS s i t e ,  and only 

MSW has been l a n d f i l l e d  since that  time. 

DADS site is presented i n  the following se s t ion .  

Charac te r iza t ion  of MSW flowing t o  t h e  
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I 

5, mv X C ?  i - 3  

Fig. 2.3. Lowry Landfill view of waste disposal activit ies  (from Ref. 2.1). 
I I 



11 

REFERENCES FOW SECTION 2 

1. Phase I Remedial Investigation - Lowry Landfill,  Vol. I ,  performed by 
CHZM Hill under EPA contract No. 38.8L08.3 (September 2, 1986). 

2. Energy Recovery from Hazardous Waste Incineration, report by Science 
Applications International Corporation, Inc., Oak Ridge, TN, to Martin 
Marietta Energy Systems, Inc. [September 1987). 

os 8# 



12 

MSW is  viewed i n  various ways, depending on t h e  perspective of the viewer, 

i . e . ,  by res idents  near a waste l a n d f i l l  as a nuisance and source o f  disease and 

contamination i f  no t  disposed o f  properly, as a commodity and a basis  f o r  a 
bus iness  ( t r a sh  co l l ec to r s  and disposal firms), and as a resource - combustion 

fuel  and recyclable mater ia ls .  

s tudy  considers MSW - as a fue l  f o r  an inc inera tor  boiler/power plant for  the 

production o f  e l e c t r i c i t y  and saleable  thermal energy. 

I t  is from the l a t t e r  perspective tha t  t h i s  

As fuel for  a la rge  (>300 tons/day), modern incinerator  p lan t ,  the most 

important cha rac t e r i s t i c s  of MSW a re  (1) heating value and composition, and 

(2 )  waste generation and a v a i l a b i l i t y .  

discussed below i n  general terms before a more deta i led  d iscuss ion  of  waste 

generation and supply for the generic l a n d f i l l  s i t e .  

The first of these cha rac t e r i s t i c s  a re  

The heating value of raw MSW is commonly assumed t o  be approximately 

4,500 Btu/lb. As shown i n  Table 3.1, MSW’s heating value i s  close t o  tha t  a f  
wood and about one-third tha t  of m a l .  

can range fram 3,800 t o  5,800 Btu/ lb ,  depending an a wide var ie ty  of factors. 
The discussion tha t  fallows is presented t o  provide background information on 

such fac tors  t ha t  can a f f e c t  the heating value sf MSW. 

The heating value of mixed, raw MSW 

MSW can be grouped i n t o  three basic f rac t ions  - combustibles, 

non-combustibles, and moisture. These f ract ions are  combined i n  the  various 

components of r e s iden t i a l  and commercial wastes t h a t  s ign i f i can t ly  a f f e c t  fue l  
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Table 3.1. Heating value of MSW and other fuels.3-1 

Lower Heating Value 
Fuel Btu/lb 

Peat 
MSW 
Wood 
L ign i t e  
Subbituminous Coal 
B i tuminous  Coal 
Anthracite Coal 
No. 2 Home Heating O i l  

3,235 
4,500 
4 , 690 
7 , 065 

10,245 
12,235 
11 , 100 
19,565 

value. Non-combustibles include such materials as glass and metals (cans, metal 

appliance parts, etc.). 

plastics , used t i r e s  , cellulose materials (paper, cardboard I yard wastes, e tc  . ) , 
waste liquids (paints, chemicals, etc. ) , end h i g h  moisture content kitchen 

wastes. The composition i n  weight percent of typical MSW is  shown i n  Table 3.2. 

Combustibles are represented by h igh  fuel value 

Table 3.2. Source components o f  typical Msw i n  weight, %.3-2. 

Combustibles Weiqht, % 

Paper 
Yard Wastes 
Food Wastes 
Glass 
Metals 
Wood 
Textiles 
Leather and Rubber 
Plastics 
Miscellaneous 

Total 

41.7 
12.6 
15.0 
9.9 
8.8 
2.2 
2.5 
1.2 
3.5 
2.6 

100.0 
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Moisture content can vary considerably i n  several  of t h e  combustible 

mater ia ls  l i s t e d  above, such as yard and kitchen wastes. I n  addi t ion,  any water 

added to  raw wastes through r a i n f a l l  or seepage reduces fue l  value 

proportionately.  

Typical breakdowns of  t h e  physical and chemical composition of MSW a re  

given i n  Tables 3.3 and 3.4. 

matter includes a ce r t a in  amount of ash associated w i t h  it. I n  the chemical 

composition, the i n e r t s  include t h e  ash, ferrous metals, glass ,  aluminum, heavy 

non-ferrous mater ia l ,  and a t  l e a s t  par t  of the miscellaneous material .  

I n  the physical camposition, the combustible 

The composition of MSW can vary both loca l ly  by type of source 

[ r e s i d e n t i a l ,  commercial, and i n d u s t r i a l ) ,  and also from l i f e s t y l e  and seasonal 

var ia t ions  tha t  depend on geography and time o f  the year. 

value is believed t o  be increasing slowly from an increasing f rac t ion  o f  high 

heating value organic p l a s t i c s ;  one source estimated tha t  the heating value 

would increase a t  an average r a t e  of 0.5X/year. 

MSW can be highly var iable  on a microscale bas i s ,  the e f f e c t  of var ia t ion i n  

heating value from various sources can be assumed t o  be homogenized by the 

large-scale material  handling systems typica l  of a MSW incinerator  f a c i l i t y  

serving a la rge  metropolitan area. 

I n  addi t ion,  MS 

Although the heating value of 

For t h i s  generic s t u d y ,  the heating value of MSW was assumed to  be 

4,500 Btu/lb, a typ ica l  value used for  process calculat ions.  

var ia t ions  tha t  could increase or decrease t h e  heating value s ign i f i can t ly  are  

not germaine t o  t h i s  s tudy ,  as  a l l  analyses w i l l  be performed on an annual 

basis. 

Seasonal 

3.3 WASTE GMERATIQN 

Generation of MSW i n  a spec i f i c  metropolitan area is primarily a function 

The 

o f  the populatian and t o  a l e s se r  degree the types of a c t i v i t i e s  conducted 

w i t h i n  the a rea ,  i.e., mix of industrial/commercial/residential ac t iv i ty .  
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Table 3.3. Typical physical composition o f  municipal solid waste.3.3 

Component Percent by Weight 

Combustible matter 59.0 

Moisture 

Ferrous metals 

25.0 

5.0 

Glass 6.5 

Aluminum 1.0 

Heavy non-ferrous 0.2 

Miscellaneous 3.3 

Table 3.4. Typical chemical composition of municipal solid waste.3~3 

Cornponen t Percent by Weight 
28.0 Carbon 

Hydrogen 3.4 

Oxygen 20.0 

Nitrogen 0.4 

S u l f u r  0.2 
23.0 

25.0 

Inerts 

Moisture 
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metropolitan area chosen as  the basis fo r  t h i s  s t u d y  is  the Denver metropolitan 

area. Therefore, information on MSW generation was obtained from the following 
Denver area governmental e n t i t i e s  - the Department o f  Public Works (DPW) of-' the 

C i t y  and County o f  Denver, and t:hc Denver Regional. Council of Governments 

(DRCDG). 

contacts w i t h  these organizations. 

The following information was extracted from s tudies  and personal. 

Estimates o f  future  MSW generation rates are made by combining population 

estimates w i t h  the average per capi ta  generat,ion r a t e  i n  pounds per day (PPU). 

A recent ( l a t e  1984) s t u d y  by the DRCOG developed average generation r a t e s  i n  

tons per day (TPD) for the Denver metropolitan region based on 5 PPD, the 

national average f igure ,  and 9 PPD, a f igure developed for  the Denver region i n  

1981. 

minimum generation r a t e s  of 5,000-6,000 TPD w i t h  9,000-11,000 TPD ra tes  possible 

a t  the h i g h  per capi ta  generation ra te .  

The resu l t ing  average generation r a t e s ,  presented i n  Table 3.5, show 

Table 3.5. Metropolitan region generatian rate estimates. 

Low TPD High TPD 
Y car Population ( 5  PPD) ( 9  PPD) 

1985 1,953,050 4,082 8,788 

1990 2,179,153 

2000 2,529,529 

5,447 9,806 

6 323 11,382 

3.4 WASTE AVAPFABHLJTY 

A MSW incinerator  plant must have a reliable s u p p l y  of MSbJ t o  provide t h e  

energy products such as e l e c t r i c i t y ,  steam or hot water, upon which its economic 

v i a b i l i t y  depends. 

o f  approximately 670 TPD capacity. 

the previous section indicate  tha t  10-20 times as much MSW are  generated than is 

required by an incinerator  plant.  However, there are several  important fac tors  
t o  be considered w i t h  regard t o  the ava i l ab i l i t y  of ;ulsW a t  a spec i f ic  l a n d f i l l  

location where an incinerator  plant could be s i t ed .  

The scope of t h i s  s t u d y  is t o  evaluate an incinerator  plant 

The regional generation r a t e s  presented i n  
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3.4.1 Specific MSW Flow 

The first and most important fac tor  a f fec t ing  MSW a v a i l a b i l i t y  is t h e  flow 

of MSW being delivered t o  t h e  spec i f i c  l a n d f i l l  where an inc inera tor  plant  could 

be located. The l a n d f i l l  of i n t e r e s t  for  consideration as a s i te  f o r  an 

inc inera tor  p lan t  i n  t h i s  study is the  DADS/Lowry Landfi l l .  This l a n d f i l l  is 

located i n  Araphoe County, approximately 20 miles southeast  o f  Denver and two 

miles east of Aurora, Colorado (see Sect. 2 for  addi t iona l  descr ipt ion) .  

From information supplied by t h e  DRCOG, there were eight l a n d f i l l s  

operating i n  t h e  Denver metropolitan area. 

publicly-owned l a n d f i l l s ,  and a l s o  had the  largest MSW flow, approximately 

3,000 TPtl, and t h e  g rea t e s t  remaining capacity,  37% of t h e  t o t a l  capacity 

estimated i n  12/86. 

a very adequate flow for  a MSW incinerator  p lan t  of approximately 450 TPD 

capacity.  

The DADS l a n d f i l l  was one o f  two 

Thus, MSW flow t o  t h e  DADS l a n d f i l l  would appear t o  provide 

3.4.2 Reliability o f  M S W  Flow 

Coupled i n  importance w i t h  t h e  amount of MSW f low t o  a spec i f i c  s i t e  is the 

question o f  cont ro l  over the MSW flow t o  guarantee tha t  a reliable flow w i l l  be 
available f o r  an inc inera tor  plant .  

ava i lab le  is usually cont ro l led  by (1) public  haulers  operating under contract  

w i t h  specific l a n d f i l l s  and disposal  or "tipping" fees and (2) p r iva t e  haulers  

who are free to  choose where t o  dispose of %W based on their hauling cos t  and 

t h e  t ipping fee a t  specific publicly- and privately-operated l a n d f i l l s .  Thus, 

the most desirable source of MSW for  an inc inera tor  p lan t  is the  publ ic  hauler 

w i t h  a contractual  obl igat ion t o  dispose of MSW a t  a s p e c i f i c  l a n d f i l l .  

Flow of MSW t o  t h e  various l a n d f i l l s  

I n  the  case of t h e  Denver metropolitan area, t h e  DADS l a n d f i l l  is one of 

two publicly-owned l a n d f i l l s .  

receives a l l  r e s iden t i a l  waste col lected i n  Denver, estimated t o  be 

Since it is owned by t h e  c i ty  of Denver, DADS 
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approx ima te ly  600 TPD. 

wastes froin t h e  c i ty  o f  Lorigrnont p l u s  MSW from area p r i v a t e  h a u l e r s  t o  y i e l d  t h e  

3,000 TPD t o t a l  e s t i m a t e d  flow t o  DADS. 

I n  a d d i t i o n ,  DADS r e c e i v e s  some p u b l i c l y - c o l l e c t e d  

The c i t y  o f  Denver is c u r r e n t l y  s t u d y i n g ,  w i t h  t h e  city of  AUKIX~, t h e  

f e a s i b i l i t y  o f  o p e r a t i n g  a 450-TPQ i n c i n e r a t o r  p l a n t  n e a r  a s i t e  be ing  

c o n s i d e r e d  f o r  a r e l o c a t e d  S t a p l e t o n  A i r p o r t ,  the ma,jor commercial a i r p o r t  

s e r v i n g  t h e  Denver m e t r o p o l i t a n  area. Denver would be o b l i g a t e d  to supp ly  

one-half  o f  t h e  MSW for  t h i s  proposed i n c i n e r a t o r  p l a n t  o r  225 I-PD. Hence, t h e  

c u r r e n t  600-TPD flow of p u b l i c l y  c o l l e c t e d  MSW from Denver t o  DADS c o u l d  be 
reduced t o  approx ima te ly  375 TPD when and i f  t h e  S t a p l e t o n  i n c i n e r a t o r  p r o j e c t  

occu r s .  

Approximat:ely 300 TPD o f  a d d i t i o n a l  MS f low would have t o  be guaran teed  fin 
r e a c h  t h e  670-TPD level o f  g u a r a n t e e d  MSW f l o w  for  an i n c i n e r a t o r  plant a t  DADS. 

T h e r e f o r e ,  a r e l i a b l e  s u p p l y  o f  670 VPD o f  MSW would appea r  t o  be a t t a i n a b l e  i n  

the future from e i t h e r  growth i n  t h e  r e s i d e n t i a l  waste c o l l e c t e d  i n  Denver or by 

i n i t i a t i n g  a c o n t r a c t u a l  agreement w i t h  p r i v a t e  h a u l e r s  t o  supply t h e  r e l a t i v e l y  

small amount o f  MSW r e q u i r e d .  

3.5 SCRAP TIRE RESIWRCE 

I n  a d d i t i o n  t o  t h e  MSW f low,  t h e  DADS s i te  c o n t a i n s  a un ique  waste r e s o u r c e  

i n  t h e  form o f  a l a r g e  number o f  s c r a p  tires. 

between 1966 and 1980 when t h e  l a n d f i l l  was o p e r a t e d  by t h e  C i t y  and County o f  
Uenver . 

These tires were accumulated 

Estimates o f  t h e  number o f  t i r e s  by local  o f f i c i a l s  v a r i e s  from 

4-12 m i l l i o n  t i r e s  w i t h  a p r o b a b l e  number o f  approx ima te ly  8 m i l l i o n .  

a d d i t i o n a l  u n c e r t a i n t y  e x i s t s  i n  t h e  number o f  t i res  t h a t  c o u l d  be r ec l a imed  

because t h e  bottom lay2r o f  tires may be i n  c o n t a c t  w i th  con tamina ted  s a i l  from 

t h e  waste p i t s  used fo r  d i s p o s a l  o f  hazardous l i q u i d s .  

Management o f  Colorado,  t h e  c u r r e n t  DADS o p e r a t o r ,  e s t i m a t e d  t ha t  no more t h a n  

An 

An o f f i c i a l  o f  Waste 
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10% of  the tires stored at the DADS s i te  would require decontamination. 
Therefore, a value of 8 million tires is used in t h i s  s t u d y  to represent t h e  

useable DADS t i r e  resource. 

The potent.ia1 fuel value of 8 million t i r e s  is estimated on the basis of 
15,000 Btu/lb fuel value and an average t i r e  weight o f  20 pounds. 

combination yields a maximum potential fuel value of 2"4 x 106 million Btu, 
equivalent to approximately 400,000 barrels o f  oil. 

This 
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4. M S W  INCINI3ATOR SURVEY 

4.1 INTBWTI(SN 

Two general  methods are used f o r  burning MSW: mass burning and 

refuse-derived fuel (RDF). 

as it is received without any processing other  than t h e  removal of bulky items 

such as r e f r ige ra to r s ,  stoves,  engine blacks, etc. 

noncombustible materials are separated out  and t h e  combustible material is 

shredded i n t o  small pieces before burning. RDF systems tend t o  be more cos t  

e f f ec t ive  f o r  plants handling 1500 TPD or more, while  mass burning systems are 

more cos t  e f f ec t ive  for  smaller plants.4.l Each o f  these methods is discussed 

separately below. 

With t h e  mass burning method, t he  waste is burned 

With t h e  RDF method, 

4.2 MASS-WRN INCINERATION TECHNOLOGY 
4.2.1 General System Description 

A t yp ica l  mass burning p lan t  is shown schematically i n  Fig.  4.1. Refuse is 

del ivered t o  the  plant  by t rucks  (l), which enter  an enclosed receiving area and 

dump their load i n t o  a s torage  p i t  (2). The s torage p i t  is usually la rge  enough 

t o  hold about t h ree  days worth of waste material. I n  t h i s  way, t he  p lan t  can be 

run on weekends (and holiday weekends) when no waste is delivered. This  size o f  
p i t  a l s o  acts as a buf fer  during down times of equipment f o r  maintenance. 

t h e  receiving area and t h e  s torage p i t  are enclosed t o  prevent blowing o f  dust 

and debris  and t o  reduce emissions of noise and odors from t he  plant.  

f o r  combustion i n  the  furnaces is drawn from these areas so t h a t  t h e  odors are 
destroyed by t h e  combustion process. 

s l i g h t l y  reduced pressure is maintained sct tha t  t he  odors do not escape from t h e  

plant .  

Both 

Also, air  

By drawing a i r  from these areas, a 
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An overhead crane ( 3 )  is used t o  separate large bulky items such as 
appliances and engine blocks. 

p i t  and then t o  t r ans fe r  t h e  waste t o  feed hoppers (4).  The material f a l l s  by 

grav i ty  through t h e  feed hoppers and then hydraulic ram feeders (5) charge t h e  

material onto t h e  s toker  g r a t e  ( 6 ) .  

t he  g ra t e  a t  t h e  desired rate. 

It  is a l s o  used t o  mix t h e  remaining waste i n  t h e  

The ram feeders are control led t o  charge 

The waste material is then burned as it moves across  t h e  grate. The g ra t e  

is usually inc l ined  and cons is t s  o f  sec t ions  t h a t  are either s ta t ionary  or move 

i n  such a fashion as to agi ta te  the waste material and keep it moving down t h e  

gra te .  

waste moves along t h e  g ra t e  and is burned. Primary combustion a i r  is supplied 

t o  the burning l aye r  of waste by forced-draft fans (7) through the undergrate 

a i r  zones (8). The a i r  supplied through the  undergrate a i r  zones a l s o  acts t o  

cool t h e  g ra t e  and decrease corrosion and wear of the g r a t e  materials. 

passages through t h e  grates are small enough t h a t  t h e  g ra t e  forms a higher 

res i s tance  t o  a i r  flow than does t h e  layer of burning refuse,, 
more uniform d i s t r ibu t ion  of a i r  flow through t h e  grate. 

Generally, the thickness of the layer  of waste material decreases as the 

Air 

This promotes a 

The residue l e f t  after burning on t h e  g ra t e  is quenched by water i n  t h e  

residue discharger (23) and is carried by a conveyor (24) t o  the residue p i t  

(25). S i f t i ngs ,  i.e., f i ne  materials that  fa l l  through the  g ra t e ,  are a l s o  

co l lec ted  by t h i s  system. Residues may be magnetically separated t o  remove 

fe r rous  metals and t h e  remainder is hauled t o  a l andf i l l .  

I n  addi t ion t o  t h e  primary combustion a i r  supplied below the g ra t e ,  

secondary combustion air is in jec ted  through nozzles (10) above the  grate t o  

promote turbulence f o r  mixing and complete combustion of t h e  v o l a t i l e  gases i n  

the furnace ( 9 ) .  
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There are  two basic types o f  furnaces: waterwall and refractory l ined. I n  

the waterwall furnace, water tubes from the boi ler  extend in to  the combustion 

zone and provide a cooled wall, while extract ing heat from the combustion 

process. 

I n  the refractory-lined furnace, the boi ler  and furnace are  separated and there 

a re  no boi le r  tubes i n  the furnace. 

types of furnaces, t h e y  a re  l ined w i t h  refractory br icks .  

The tubes a re  coated wi th  a protective material t o  reduce corrosion. 

To prevent excessive heat losses  from these 

Heat is extracted from the combustion gases and generates steam as it  
passes through a boi ler  system. 

pass sequentially through fou r  sect ions of the boi ler  (11). The first section 

is the waterwall section where the hot gases a re  i n i t i a l l y  cooled primarily by 

radiat ion.  

w h i l e  i g  the t h i r d  sect ion,  the steam is superheated. 

economizer where the boi ler  feedwater is i n i t i a l l y  heated. 

I n  t h e  system shown i n  Fig. 4 - 1 ,  t h e  hot gases 

I n  the second sect ion,  water is evaparated t o  form saturated steam, 

The fourth section is the 

I n  the system shown i n  Fig. 4.1, the water c i rcu la t ing  thraugh the boi ler  

is used t o  generate e l e c t r i c i t y .  

a steam turbine which drkves an e l e c t r i c a l  generatar (27). 

t h e  t u r b i n e  is condensed and combined w i t h  makeup water from t h e  feedwater 

treatment plant (28). 

being pumped by a bo i le r  feed pump (30) i n to  the economizer section of the 

boi le r ,  

steam generated by the boi ler  may be used d i r ec t ly  for district  heating or 

Steam exi t ing from the superheater is sent t o  

The steam leaving 

I t  is stored i n  a feedwater storage tank (29) before 

As an a l t e rna t ive ,  or i n  combination w i t h  e l e c t r i c  generation, the 

indus t r i a l  process heat. 

The combustian gases carry flyash along wit.h them. The flyash can be 

deposited on the surfaces of" the boi ler  tubes, decreasing t h e i r  efficiency i n  

extract ing heat from t h e  gases. To prevent excessive bui ldups  of f lyash ,  the 

boi le r  tubes are cleaned u s i n g  soot blowers. 

t h e  bottom of the boi le rs  and is conveyed t o  the residue discharger, 

The Plyash f a l l s  i n t o  hoppers a t  
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After leaving t h e  b o i l e r ,  t he  f l u e  gases are treated before being 

discharged by an induced draft fan t o  t h e  environment through t h e  stack (21). 

Various combinations of pol lut ion cont ro l  devices are used. Generally, these 

devices can be divided i n t o  two groups: (1) those for removal of ac id  gases and 

(2) those f o r  removal o f  par t i cu la t e  material. 

leaving the bo i l e r  system, the flue gases e n t e r  a condi t ioner  (15) where water 

is added t o  cool t h e  gases. 

where a reagent of f i n e  lime dust  [stored i n  t h e  s i l o  (17)j is  blown i n .  Acid 

gases i n  the  f lue  gas are bound t o  the  lime p a r t i c l e s  and are neutralized. 

f l u e  gases then pass through t h e  f a b r i c  f i l t e r  baghouse (18) where both t h e  

reacted lime d u s t  particles and f l y a s h  are removed. 

mechanically or pneumatically and t h e  pa r t i cu la t e  material drops i n t o  hoppers 

and is conveyed t o  a storage s i l o  (32) where it awaits disposal  i n  a l a n d f i l l .  

In  t h e  system shown, after 

The gases then flow i n t o  a cyclone reac tor  (16) 

The 

The fabric bags are shaken 

An a l t e rna t ive  device fo r  removing pa r t i cu la t e  material from t h e  f l u e  gases 

With t h i s  device, t h e  p a r t i c l e s  are electri- 

The 

is t h e  e l e c t r o s t a t i c  p rec ip i t a to r .  

cally charged, while t h e  p l a t e s  o f  the  p rec ip i t a to r  are oppositely charged. 

p a r t i c l e s  are thus attracted t o  t h e  p l a t e s  and are co l lec ted  on them. 

plates are mechanically rapped and the  p a r t i c l e s  f a l l  i n t o  hoppers as with t h e  

baghouses. 

the d r y  gas  scrubbers (lime d u s t  reactors)  as f ab r i c  f i l t e r  baghouses are. 

The 

E lec t ros t a t i c  p rec ip i t a to r s  are not u s u a l l y  used i n  combination with 

4.2.2 System Capacities - Installations 

A recent survey has iden t i f i ed  194 f a c i l i t i e s  i n  the United States for  pro- 

ducing energy from MSW t h a t  are i n  an advanced s ta te  of planning, under 

construct ion,  operat ional ,  and/or shut  down.394 A breakdown o f  t he  status of 

these fac i l i t i es  is given i n  Table 4.1. 

operational.  

About one-third of the  faci l i t ies  are 



26 

Table 4.1. Status o f  planned or ex is t in  
recovery projects i n  the: U.S. 

Status Number o f  Projects 

Advanced Planning 
Construct i o n  
Shakedown 
Operational 
Shutdown Temporarily 
Shutdown Permanently 

Total  

72 
25 
7 

63 
8 

O f  these f a c i l i t i e s ,  41% are mass burning systems and 21% u t i l i z e  refuse- 
derived fuel. Modular systems account f o r  33% of the t o t a l  number, and other 
types of technology account for 8%. 

i n d u s t r i a l  on-site heat-recovery inc inera t ion  systems which are general ly 
smaller than f a c i l i t i e s  f o r  handiing MSW. 

The modular systems are general ly used far 

The t o t a l  design capacity f o r  a l l  exj-st ing p lants  is 34,564 TPD. Planned 
pro jects  would add another 98,954 TPU capacity. A breakdown o f  planned and 
ex is t ing  f a c i l i t i e s  by s ize is given i n  Table 4.2.4 An e a r l i e r  survey5 
showed tha t  47 mass-burn p lants  were operational and another 14 plants  were 
under construction. The t o t a l  capacity o f  operational p lants  was 16,820 TPD, 
while the t o t a l  capacity o f  the p lants  under construction would be 5,655 TPD. 
These p lants  ranged i n  size  from 7 tc l  22.50 TPD, with an average s ize o f  365 TPD. 

Table 4 . 3  l i s t s  e ight  mass burning f a c i l i t i e s  tha t  are being b u i l t  or  have been 
b u i l t  hy Ogden Mart in Systems, Inc. These f a c i l i t i e s  span the range from 550 to 
2362 TPD. 

s ize  f rom 275 t o  787 TPD. 
Each f a c i l i t y  consists o f  two or  three separate u n i t s  tha t  range i n  
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Table 4.2. Size of planned o r  existing resource recovery facil i t ies.4 

Size,  Tonbay - Number o f  Facili t ies 

50-100 
101 -300 
301-600 
601-900 
90 1 - 1200 

1201-1500 
1500+ 

Total 

42 
42 
28 
19 
20 
8 

35 
194 
- 

Table 4.3. Capacities o f  mss-burning f ac i l i t i e s  
by Ogden Martin S'ystems, Inc.2 

Plant Plant Capacity Number o f  Capacity per U n i t ,  
Locat ion  tons/day u n i t s  tons/day 

Hillsborough Co., FL 1200 3 400 

Alexandria, VA 

Bristol, C 

Marion Co. 

Stanislaus 

Tulsa, OK 

OR 

Co., CA 

Indianapolis, I N  

Babylon, N Y  

975 

650 

550 

aoo 

1125 

2362 

750 

325 

325 

275 

400 

375 

787 

375 
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4.2.3 Mass-Energy Ba lances  

As was mentioned i n  t h e  system d e s c r i - p t i o n ,  energy from burn ing  waste is  

used t o  produce steam which is t h e n  either used t o  g e n e r a t e  e lectr ic i ty  o r  t o  

p r o v i d e  steam f o r  d i s t r i c t  h e a t i n g ,  o r  i n d u s t r i a l  p r o c e s s e s ,  o r  both.  The 

energy p r o d u c t i o n  f o r  the e i g h t  mass-burning p l a n t s  t h a t  have been b u i l t  o r  are 

be ing  b u i l t  by Ogden Mart in  Systems, I n c .  are summarized i n  Table 4.4. For each 

o f  t h e s e  systems, t h e  steam t e m p e r a t u r e  i s  between 700'F and 830'F, wi th  most o f  
t h e  systems o p e r a t i n g  n e a r e r  70C'F. 

v a l u e s  t o  l e s s e n  t h e  effects o f  c o r r o s i o n  and s l a g g i n g  o f  t h e  b o i l e r  t ubes .  

Steam t e m p e r a t u r e s  are l i m i t e d  t o  t h e s e  

An estimate o f  t h e  o v e r a l l  e f f i c i e n c y  o f  t h e  p l a n t s  may be o b t a i n e d  by 

u s i n g  t h e  t y p i c a l  h i g h e r  h e a t i n g  v a l u e  o f  4500 Btu/ lbl  fo r  MSW along w i t h  t h e  

conve r s ion  f a c t o r  of  3413 Rtu/kW-hr . 
o n l y ,  overal.1. e f f i c i e n c i e s  are c a l c u l a t e d  t o  range from 17.D t o  18.7%, and t o  

ave rage  17.8% e 

For t h e  p l a n t s  t h a t  g e n e r a t e  e lectr ic i ty  

By d i v i d i n g  n e t  t h e  e lectr ic i ty  g e n e r a t e d  by t h e  p l a n t  c a p a c i t y ,  an energy 

For the s i x  p l s n t s  l i s t e d  i n  Table 4.4 tha t  p roduc t ion  f a c t o r  can b? o b t a i n e d .  

produce e l e c t r i c i t y  o n l y ,  t h i s  f a c t o r  ranges from 18.7 t o  20.5 kW/TPD, w i t h  an 

ave rage  o f  19.5 kW/TPD. 

The t o t a l  r e s i d u a l  material from a mass burning f ac i l i t y  is expec ted  t o  be 

approximately 23% o f  t h e  i n p u t  stream. Th i s  f i g u r e  is a weight  p e r c e n t a g e ,  and 

s i n c e  t h e  bu lk  d e n s i t y  o f  t h e  r e s i d u a l  material is niuch h i g h e r  t han  t h a t  o f  t h e  

i n p u t  stream, t h e  volume o f  material t o  be removed t o  a l a n d f i l l  is reduced t a  

approximately 10% o f  t h e  o r i g i n a l  volume.4-6 

4.2.4 Costs 

The c o s t  o f  a f a c i l i t y  may b e  broken i n t o  two p a r t s .  The f i r s t  is t h e  

c a p i t a l  cost, which i n c l u d e s  t h e  c o s t  o f  d e s i g n  and c o n s t r u c t i o n ,  and t h e  c o s t s  

of f i n a n c i n g .  The second is t h e  r e c u r r i n g  e x p e n d i t u r e s  for  o p e r a t i n g  and main- 

t a i n i n g  t h e  fac i l i ty .  These c o s t s  are o f f s e t  by revenues g e n e r a t e d  through t h e  

sale af electricity or  steam and t h e  d i s p o s a l  o r  @I t i p p i n g "  fee. 



Table 4.4. Energy production for mass-burning systems by Ogden Martin Systems, Inc.2 

Plant Plant Steam Steam Elec t r ic i ty  Steam 
locat ion capacity pressure temperature generated, net generated 

ton/da y ps iq  'F Mw lb/hr 

Hillsborough Co., FL 1200 615 750 23 -- 
Alexandria, VA 975 600 700 

Bristol, CT 650 865 830 

Marion Co., OR 550 655 700 

Stanislaus Co., CA 800 865 830 

Tulsa, OK 1125 630 700 

Indianapolis, I N  2362 510 710 

Babylon, NY 750 655 700 

20 -- 
13 -- 
11 -- 
15 -- 

16.5 240,000 

500,000 -- 
14 -- 



Design and c o n s t r u c t i o n  c o s t s  f o r  e i g h t  mass burn ing  f ac i l i t i e s  be ing  b u i l t  

o r  b u i l t  by Ogden Mart in  Systems, I n c .  are l i s t e d  i n  Table  4.5. These c o s t s  do  

n o t  i n c l u d e  t h e  c o s t s  of f i n a n c i n g .  The c o s t s  f o r  t h e s e  p l a n t s  r ange  from 

$48 m i l l i o n  t o  $84 m i l l i o n .  Normalized c o s t s  ( c o s t  d i v i d e d  by c a p a c i t y )  vary 

from $35,500 t o  $111,900 p e r  TPD. 

I n d i a n a p o l i s  p l a n t  (p l anned  for  complet ion i n  l a t e  1988),  which w i l l  produce 

on ly  steam and does  not  produce electricity. Excluding t h i s  p l a n t ,  t h e  nor- 
mal ized  costs would range from $66,700 t o  $111,900 p e r  TPD. 
planned f o r  complet ion i n  l a t e  1988 (Babylon, NY) and a p l a n t  planned f o r  

complet ion i n  early 1989 ( S t a n i s l a u s  Co., CA) w i l l  have normalized c o s t s  o f  
$111,900 and $102,800 per T P D ,  r e s p e c t i v e l y .  

The lowes t  normalized c o s t  is f o r  t h e  

Another p l a n t  

Opera t ing  and maintenance c o s t s  i n c l u d e  t h e  fo l lowing :  o p e r a t i n g  l a b o r ,  

sa lar ies  and b e n e f i t s ,  maintenance,  equipment r ep lacemen t ,  taxes and l i c e n s e s ,  

i n s u r a n c e ,  p r o f e s s i o n a l  s e r v i c e s ,  overhead ( a d m i n i s t r a t i v e  and s i .~pport) ,  c o s t s  

For water, e lec t r ic i ty ,  and fuel consumed by t h e  p l a n t ,  and c o s t s  f o r  d i s p o s a l  

o f  r e s i d u e .  

r e c e n t  su rvey  are $22/ton.4 
$25/ton (1980 d o l l a r s )  t h a t  is g i v e n  for  a 720 TPD mass burn ing  plant.7 

The ave rage  o p e r a t i n g  and maintenance c o s t s  o b t a i n e d  from t h e  

T h i s  figcrre i s  i n  l i n e  w i t h  a v a l u e  o f  abou t  

4.3 REFUSE-D 
4.3.1 General System Description 

With the RDF system, t h e  waste material is p ~ ~ s s e d  b e f o r e  i t  is  i n t r o -  

duced t o  t h e  f u r n a c e  f o r  bu rn ing ,  

i n  F ig .  4.2. 
A schemat i c  o f  t h e  f u e l  p r e p a r a t i o n  is  shown 

The waste is d e l i v e r e d  t o  t h e  f ac i l i t y  and i s  unloaded o n t o  t h e  f l o o r  o f  ail 

e n c l o s e d  r e c e i v i n g  area. 

as a p p l i a n c e s  are s e p a r a t e d  o u t  first. 

c a n v e y m  which f e e d s  i t  t o  a f l a i l  t y p e  primary s h r e d d e r .  

open bags c o n t a i n i n g  waste, b r e a k s  g l a s s ,  and exposes  t h e  material fo r  f u r t h e r  

p r o c e s s i n g .  

are removed m a g n e t i c a l l y  and d i v e r t e d  f o r  f u r t h e r  p r o c e s s i n g .  

As w i t h  t h e  mass burn system, l a r q e  bulky items such 

The remaining waste is loaded o n t o  8 

This  s h r e d d e r  b r e a k s  

The material t h e n  g o e s  t o  a s e p a r a t i o n  system where f e r r o u s  metals 
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Table 4.5. Design and canstruction costs for 
mss-burning faci l i t ies  at Ogden Martin Systems, Inc.2 

Plant  Capacity Oesign and Construction 
Plant  Location ton/day cost (mill ions) 

Hillsborough Co., FL 1200 $80 

Alexandria, VA 975 75.9 

Br i s to l ,  CT 6.50 58.8 

Marion Co., OR 550 

Stanis laus  Co., CA aoo 
Tulsa, OK 1125 

Indianapolis,  I N  2362 

Babylon, NY 750 

47.7 

82.2 

75.5 

83.8 

83.9 
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The remaining waste is then fed t o  a t r o m e l ,  which is a l a rge  ro t a t ing  

drum w i t h  holes ,  where noncombustible materials, l i k e  g lass ,  sand, and d i r t ,  are 

removed f o r  disposal.  

paper and cardboard is sen t  t o  another shredder where it is reduced t o  pieces 

t h a t  are a few inches i n  size. 

The remaining combustible material, cons is t ing  mostly of 

The shredded material is then separated from the  

a i r  stream i n  which it is conveyed by a cyclone separator  and is then taken t o  

a fuel s torage area. 

Figure 4.3 shows a schematic o f  t h e  rest of an RDF faci l i ty .  The prepared 

f u e l  is pneumatically fed i n t o  a waterwall furnace. 

wh i l e  it is suspended, w h i l e  the rest f a l l s  onto a g ra t e  where burning is  

completed. 

mass burning systems. 

toward the f ron t  (where t h e  f u e l  d i s t r ibu to r s  are located).  

supplied both above t h e  grate and below it. 
g ra t e  drops ash Lo an ash discharger. 

Part o f  t h e  fue l  burns 

The grates used i n  RDF systems are much d i f f e ren t  from those used i n  

The g ra t e  moves horizontal ly  from the  back o f  t h e  furnace 

Combustion a i r  is 

A t  t h e  f ron t  o f  t h e  furnace, t h e  

Remaining pa r t s  of t he  RDF system are similar t o  those described f o r  t h e  

mass burning system. 

very system i n  which the  a i r  for  combustion ex t r ac t s  heat from the f l u e  gases 

before the  combustion a i r  is in jec ted  i n t o  t h e  furnace. 

One addi t iona l  feature shown i n  Fig. 4.3 is  a heat reco- 

4.3.2 System Capacities-Installations 

O f  the  194 p lan t s  i den t i f i ed  i n  Sect. 4.2.2 t h a t  are i n  advanced planning, 

under construct ion,  operat ional ,  and/or shut  down, 21% are RDF f a c i l i t i e s .  The 

earlier survey4=4 showed tha t  12 RDF p lan ts  were operational and another 3 were 
under construction. 

15,120 TPD, which is only s l i g h t l y  lower than the  16,820 TPD t o t a l  capacity 

reported f o r  47 operat ional  mass-burning plants .  

RDF p lan ts  under construction was 3600 TPD, compared t o  t h e  5655 TPD t o t a l  

The t o t a l  capacity o f  t he  12 operat ional  p l an t s  was 

The t o t a l  capaci ty  of t h e  3 
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c a p a c i t y  f o r  14 mass-burning p l a n t s  under  c o n s t r u c t i o n .  

p l a n t s  ranged from 400 t o  3000 TPD. 

1248 TPD, which is more t h a n  three times as l a r g e  as t h e  ave rage  mass-burning 

p l a n t .  

The s i z e  o f  t h e  RDF 

The ave rage  size o f  an RDF p l a n t  was 

Four RDF p l a n t s  t o  be b u i l t  by Combustion Eng inee r ing ,  Inc .  are summarized 

i n  Table 4.6. 

w i t h  mass-burning p l a n t s ,  RDF p l a n t s  c o n s i s t  o f  two o r  t h r e e  u n i t s .  

These are a l l  l a r g e  p l a n t s  w i t h  c a p a c i t i e s  ove r  2000 TPD. As 

4.3.3 Mass-Energy Balances 

Energy p r o d u c t i o n s  for t h e  f o u r  RDF p l a n t s  t o  be b u i l t  by Combustion 

Eng inee r ing  are g i v e n  i n  Table 4.6. 

c i t y ,  while t h e  Detroit p l a n t  w i l l  also produce steam for dis t r ic t  h e a t i n g .  

Each o f  these p l a n t s  w i l l  produce electri- 

Using the  electrical g e n e r a t i o n  ra tes ,  p l a n t  c a p a c i t i e s ,  a h i g h e r  h e a t i n g  

v a l u e  o f  4500 Btu/ lb ,  an estimated i n t e r n a l  usage  o f  12%, and a conve r s ion  

factor of 3413 Btu/kW-hr, t h e  o v e r a l l  e f f i c i e n c i e s  of t h e  three p l a n t s  t h a t  w i l l  

produce on ly  electricity are 27.4%, 21.1%, and 16.6%. 

The energy  p roduc t ion  factor o b t a i n e d  by d i v i d i n g  the  e s t i m a t e d  n e t  

electric g e n e r a t i o n  rates by t h e  p l a n t  c a p a c i t i e s  are 30.1, 23.2, and 18.3 

kW/TPD for t h e  three e l e c t r i c - o n l y  p l a n t s .  

The t y p i c a l  p h y s i c a l  composi t ion  of munic ipa l  s o l i d  waste was g iven  i n  

Table 3.3. 

i n e r t s  ( r e s i d u a l )  as a b o u t  23% of t h e  i n p u t  stream. Th i s  f i g u r e  s h o u l d  h o l d  for 

RDF p l a n t s  as well as for mass-burning p l a n t s .  The main d i f f e r e n c e  is t h e  loca- 

t i o n  where the  r e s i d u a l s  are removed. I n  the  RDF p l a n t ,  t he  5% o f  t he  i n p u t  

stream tha t  c o n s i s t s  o f  f e r r o u s  metals is removed first. Then, most o f  t h e  

g l a s s ,  aluminum, heavy non-fer rous  materials, and m i s c e l l a n e o u s  materials (or 

abou t  11% o f  t h e  i n p u t  stream) are removed b e f o r e  t h e  remainder  is  s e n t  t o  the 

fu rnace .  

The t y p i c a l  chemica l  composi t ion  of MSW, g iven  i n  Table 3.4, l i s t e d  
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Table 4.7. Typical chemical composition o f  refuse-&rived fuel. 1 

Component Percent by Weight 

Carbon 
Hydrogen 
Oxygen 
Nitrogen 
Sulfur 
Ine r t s  
Moisture 

33.4 
4.0 

25.0 
0.4 
0.2 

14.0 
23.0 

The t yp ica l  chemical composition of the refuse-derived fue l  t h a t  is in t ro-  

duced t o  the furnace is given i n  Table 4.7. 

material  and is removed from t h e  furnace as ash. 

metals a re  reclaimed and s o l d ,  about 18% of the input stream is  l e f t  t o  be 

disposed of i n  a l a n d f i l l .  

About 14% of the fue l  is i n e r t  

Assuming t h a t  the ferrous 

4.3.4 costs 

An RDF plant  o f  a given capacity appzars t o  cos t  somewhat more than a mass- 

b u r n i n g  plant  of the same capacity. An example is given i n  the l i t e r a t u r e  for  a 

720 TPD plant.7 For a mass-burning p lan t ,  t h e  c a p i t a l  cos t  i n  1980 do l l a r s  

was estimated t o  be $75.7 mil l ion,  while  the cos t  for  a s imi la r  RDF p l a n t  was 

estimated t o  be $83.1 mi l l ion ,  or about 10% more. Also, operating costs were 

estimated a t  $30/tOn for a RDF plant compared t o  about $25/ton f o r  a 

mass-burning plant .  Differences are  a t  l e a s t  par t ly  due t o  the extra  cos t  of 

b u i l d i n g  and operating t h e  f a c i l i t y  t o  prepare the refuse-derived fue l .  

The estimated cos ts  fo r  t h e  Detroit and Honolulu p lan ts  being b u i l t  by 

Combustion Engineering have been given as $230 m i l l i o n 8  and $145 million.1 By 

dividing these cos ts  by the plant  capac i t ies ,  normalized cos ts  of $57,500 and 

$67,130 per TPD a r e  obtained. 
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5.  MARKET CHARACTERIZATION 

5.1 INTRODUCTION 

T h i s  section presents a discussion o f  markets for  products from a typical 

300-450 TPD MSW incinerator plant with e lectr ic  power generation, The primary 

markets considered are for  e lectr ic i ty  and thermal energy i n  the form of steam 

or hot water. 

nomic value, usually of minor importance compared wi th  other sources o f  revenue. 

Recovered materials such as metals and glass also have some eco- 

The s i t e  of t h e  MSW incinerator plant is assumed t o  be a t  the DADS (or 
This si te is currently isolated from Lowry) Landfill described i n  Sect. 2. 

urban development, so there are no energy inarkets readily available other than 

the electr ic  power g r i d  o f  the Public Service Company o f  Colorado. 

As t h e  s i t e  for a generic s tudy  of integrating MSW and hazardous waste 

incineration for cogeneration, there is probably no s i t e  that i s  t r u l y  generic 

because of the wide diversity of conditions e x i s t i n g  a t  Superfund type sites. 

The DADS site has several characteristics that may represent some Superfund 

s i t e s  and also contribute t o  energy markets f o r  energy products from a waste- 

fueled power system. anchor” 

customer f o r  power from the system a t  the Buckley Air National Guard (ANG) Base 

and (2) the p o s s i b i l i t y  of commercial and l i g h t  industrial development i n  the 

v i c i n i t y  o f  the s i te .  These markets are distussed i n  the following sections. 

1s These attr ibutes are (1) the presence o f  an 

5.2 ELECTRIC ENERGY MARKETS 

Markets fo r  electr ic i ty  produced from an MSW incinerator power plant 

include the local e lectr ic  u t i l i t y  under provisions o f  the Publ ic  U t i l i t y  

Regulatory Policies Act (PURPA) and any special markets f o r  electricity.  

markets are discussed below i n  the general context of an MSW incinerator plant 

a t  t h e  DADS si te .  

/ 
These 
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5.2.1 Local Electric U t i l i t y  

Under WRPA regulat ions,  l oca l  electric u t i l i t i e s  are required t o  negot ia te  

with small power producers ( ~ 8 0  MWe) and cogeneration p lan ts  For purchasing 

power t o  be resold by the  u t i l i t y .  

an the "avoided costso* of t h e  l oca l  u t i l i t y .  

a generating u t i l i t y  includes not only the  fue l  and capacity savings t o  the  

u t i l i t y ,  but a l s o  the  a v a i l a b i l i t y  - time of day - and r e l i a b i l i t y  of t h e  

purchased power. 

depends on the  spec i f i c  cha rac t e r i s t i c s  of both the  purchasing u t i l i t y  and t he  

power producer. 

Such electricity purchases are t o  be priced 

The value of such avoided cos t s  t o  

Thus, t he  value of power purchased by a u t i l i t y  under PURPA 

The electricity rate being offered by Public Service Company of Colorado 

under PURPA was $O.O45/kWh i n  February of 1987. 

producer such as an MSW inc inera tor  power plant  could d i f f e r  from t h i s  rate 

because of ava i l ab i l i t y  and r e l i ab i l i t y  f ac to r s  mentioned above. Also, the 

value of fu ture  power sources supplied under PURPA regulat ions t o  other u t i l i -  

ties will vary because of the  individual cha rac t e r i s t i c s  o f  each u t i l i t y .  

rates are generally highest  i n  the  Northeast where high f u e l  c o s t ,  oil-fueled 

generation is the  bas i s  for  PURPA rates. 

for  PURPA sales of electricity i n  t h i s  study would apply t o  the  Public Service 

Company of Colorado service area and other  u t i l i t i e s  with similar power genera- 

t i o n  costs .  

The rate f o r  a spec i f i c  power 

PURPA 

Therefore, the rate o f  $0.045/kWh used 

5.2.2 Marketin Elec t r i c i ty  $0 *eeBfBe Cust 

The presence of a s p e c i f i c  market or markets fa r  sale of electricity 

generated by an MSW inc inera tor  power p l a n t  has both advantages and disadvan- 

tages far  t he  economics OF t h e  project .  

can provide a r e l i a b l e  source o f  revenue t o  the projec t  through a long-term 
contract  for  power. 
t h r o q h  such a contract  can be higher than rates t o  the  loca l  u t i l i t y  under 

PURPA regulations.  

One advantage is  t h a t  a spec i f i c  market 

A second advantage is t h a t  t he  rate f o r  power negotiated 
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There are also disadvantages t o  be recognized i n  s e l l i n g  power t o  specific 

markets, however. 

whereby t h e  suppl ier  of power would pay a penalty if unable t o  provide power as 

specified i n  t h e  contract .  

steam t o  t h e  turbine may be desirable or required when maintenance and unsche- 

duled outages occur. Secondly, t h e  cos t  of transformers, power transmission 

l i n e s ,  and rights-of-way would have t o  be born by either the suppl ier  or 
purchaser o f  power. Final ly ,  enter ing the market as a suppl ier  of e l e c t r i c i t y  

could r e s u l t  i n  t h e  MSW plant  being classified as a publ ic  u t i l i t y  and thereby 

subjected t o  regulation by the State Public U t i l i t y  Commission. 

F i r s t ,  t h e  purchaser may require  a put-or-pay type contract  

For an MSW-fueled power plant ,  a backup source o f  

These general  considerat ions are discussed relative t o  a specific electri- 

city market, t h e  Buckley ANG Base - o r  Buckley - f o r  t h e  DADS s i t e  o f  an MSW 

power plant .  

5.2.3 Buckley Base Characteristics 

The Buckley Base is located approximately f i v e  miles northwest o f  t h e  DADS 
This  base has severa l  characteristics tha t  make i t  s i te ,  as shown i n  Fig. 5.1. 

a t t r a c t i v e  as a po ten t i a l  purchaser of electric power from a power plant  located 

a t  t h e  DADS site.  

Buckley’s locat ion relative t o  t h e  DADS si te  lends i tself  t o  easy right-of- 

way f o r  t ransmit t ing power between the two sites. 
routed along an ex i s t ing  highway - Gun Club Road - passing east o f  t h e  DADS si te  
and then passing t o  t h e  north of Buckley. Therefore, no rights-of-way over pr i -  

vate  property would be involved i n  t h i s  transmission route ,  which would reduce 

the cos t  of i n s t a l l i n g  a power transmission l i n e .  

A transmission l i n e  could be 

The electric load shape of Buckley is another desirable feature as a speci- 
f i c  purchaser of power. 

was obtained from t h e  Base’s engineering s taff .  
Information on t h e  current  electrical load o f  Buckley 

The load has two primary 
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components: (1) the normal load o f  the base for  bu i l d ing  space condit ioning, 
domestic water heating, l i g h t i n g ,  and other miscellaneous laads - o f f i c e  equip- 
ment, appliances, etc. -, and (2) a s p e c i r l  "superimposed" load o f  4,000 kW, 
generally between the daytime hours of 0900 and 1600, although the period can be 
extended a t  times. 

The normal load shape o f  the base, estimated from 1986 data on maximum and 
minimum loads, i s  shown i n  Fig. 5.2 for summer and winter seasons. The sumer 
load, which includes a i r  condit ioning, peaks a t  about 1,800 kW, whereas, the 
winter peak was about 1,200 kW. 
Fig. 5.2. 
5,200 kW i n  the winter. 

The superimposed load is also shown i n  
The resu l tan t  combined peak load was 5,600-5,800 kW i n  the summer and 

The high superimposed load during the daytime hours o f  peak rates makes the 
Buckley Base a possible customer for d i r e c t  power sales. 
Company o f  Colorado ra te  fo r  power i n  1986 was $0.051/kWh during peak load hours 
compared wi th  $0.035/kWh during off-peak Pours. 
on-site, d iesel  power generation equipment capable t o  provide the 4,000 kW 
superimposed load. The on-site d iesel  gecerators are used for f i v e  months, from 
May through September, t o  increase r e l i a b i l i t y  during the per iod o f  e l e c t r i c a l  
storms. Therefore, the d iesel  generators could possibly be used t o  provide a 
backup t o  power purchased from a generation f a c i l i t y  a t  the DADS s i t e ,  thereby 
reducing the need t o  provide add i t i ona l  backup capacity. 

The Public Service 

I n  addit ion, Buckley has added 

5.3 FUTURE URBAN DEVELOPMENT 

Urban development of land adjacent t o  the DADS s i t e  is one possible source 
o f  a market f o r  thermal energy from an MSN i nc inera tor  plant.  

5.3.1 Development Plans 

The DADS s i t e  i s  cur ren t ly  several miles from any r e s i d e n t i a l  or  commercial 
development. 
present boundaries by annexing land tha t  would include the DADS s i t e .  

However, the C i t y  o f  Aurora plans t o  expand t o  the east o f  i t s  
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Fig. 5.2. Electrical loads estimated for Fluckley Air National Guard Base. 
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Figure 5.3 from t h e  Draft 1986 Comprehensive Plan o f  the C i t y  o f  Aurora 

(Ref. 5.1) shows t h e  long-range annexation boundaries for  development pas t  the 

year 2010. 

DADS s i te  according t o  t h i s  development plant .  

Annexation could include land approximately three  miles west o f  the  

O f  even grea te r  s ign i f icance  t o  the development o f  energy markets near t he  

DADS s i te  is the  possible  locat ion of a new north-south i n t e r s t a t e  connector 

called E-470, as shown on Fig. 5.3. 

commercial and l i g h t  i n d u s t r i a l  development t o  t h e  east of t h e  DADS s i te ,  as 

shown i n  Fig. 5.4. According t o  Ref. 5.1, such development would exclude resi- 

d e n t i a l  and "people-intensive" land uses within a two-mile dis tance of the DADS 

s i t e  a t  least u n t i l  t h a t  s i t e  is decontaminated (see Fig. 5.1). 

This  freeway would be expected t o  result i n  

5.3.2 Future Thermal Energy Markets 

Commercial and i n d u s t r i a l  development along the  proposed E-470 corr idor  

would create demand f o r  space heating, domestic hot  water heating, and space 

cooling. 

system providing medium-pressure steam ( 100 psig) ,  and a l l  demands except space 

cooling could be provided by a system providing low-temperature hot water 

(max. 250'F). 
plant  would be the  source of thermal energy or these energy markets. 

A 1 1  these energy demands could be served from a d is t r ic t  heating 

Steam extracted from a cogeneration turbine i n  the MSW power 

An estimation of fu ture  thermal energy markets f o r  a po ten t i a l  MSW incin- 

e r a t o r  p lan t  i n  t h e  Denver area was performed by t h e  Department o f  Public Works 
of the  C i t y  of Denver (Ref. 5.2). 

estimation procedures for the  In te rna t iona l  District Heating Association as 
adapted t o  Denver climate conditions.  

commercial and i n s t i t u t i o n a l  bui ldings was estimated t o  be 80,000 Btu/ft2 f o r  
space heating and domestic hot water. 

energy consumption a t  least as high and higher than cammercial buildings.  

This study used thermal energy consumption 

Annual thermal energy consumption for new 

Indus t r i a l  buildings would have thermal 
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Thermal energy consumption could be increased i f  space cooling were provided by 
steam or hot water absorption c h i l l e r s .  

supplied by e l e c t r i c  c h i l l e r s .  Therefore, the 80,000 Btu/ftZ/yr f igure can be 

used for  a first estimate of t o t a l  building space served by a district heating 

system s u p p l i e d  by steam from an MSW incinerator  plant.  

However, most cooling is currently 

5.3.3 Time-Phasing o f  Future Thermal Energy Market Development 

Since the construction o f  the € 4 7 0  connector is a t  t h i s  time only a possi- 

b i l i t y ,  commercial/industrial development i n  the v ic in i ty  o f  the DADS s i t e  is 

h i g h l y  conjectural .  

development i f  the E-470 connector were constructed. The most l ike ly  scenario 

leading t o  development along the E-470 connector would appear t o  be (1) adoption 

o f  a remedial action plan for decontamination of the DADS s i t e ,  (2) begin DADS 

decontamination, and (3)  planning, designing, and completion o f  t h e  E-470 con- 

nector e 

u n t i l  well a f t e r  DADS s i t e  decontamination was i n  progress. 

Even less predictable is the time-phasing o f  any such 

Commercial/industrial development along E-470 would probably not occur 

Another: factor  t o  be considered f a r  planning t o  s u p p l y  energy markets from 

an MSW incinerator  plant a t  the DADS s i t e  is the possible development schedule 

for such an incinerator  plant r e l a t ive  t o  decontamination of the DADS s i t e .  

Since there  is currently no plan t o  locate  an MSW incinerator  a t  the DADS s i t e ,  

t h i s  is also a hypothetical concept a t  t h i s  time. 

considered for  an MSW incinerator  i n  the Denver area is  the v ic in i ty  of the 

Stapleton Internat ional  Airport (Ref. 5.2). 

incinerator  project could delay i n t e r e s t  i n  another MS incinerator  project i n  

the Denver area. 

assumed t h a t  an MSW incinerator  would have been constructed concurrently w i t h  

any hazardous waste incinerator  f a c i l i t i e s  a t  the DADS s i t e  i n  order t o  make 

integration of energy produced from the two incinerator  Fac i l i t i e s  feasible .  

The primary s i t e  being 

Hence, i n t e r e s t  i n  the Stapleton 

However, for  the purposes of t h i s  generic s tudy ,  we have 
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6. EWEFSGY RECOVERY FR 

Waste t i r e s  represent a growing waste disposal problem i n  most areas o f  the 

11.S. for  a var ie ty  of reasons. F i r s t ,  t h e  increased use o f  steel-belted t i r e s  

has reduced t h e  t i r e  retreading and, consequently, the l i f e  of a t i r e  carcass.  

Secondly, t h e  economics of recovering materials from used t i r e s  for recycling 

in to  new tires compared w i t h  using new materials - carbon black, steel - favors 

use of new materials over recycled materials.  

have been used extensively i n  other countries as  a supplemental fue l  for  cement 

k i l n s  and indus t r i a l  bo i le rs ,  t h i s  application i n  the U.S. has been l imited by 

low coal prices.  

T h i r d l y ,  although waste t i r e s  

Therefore, waste t i r e  p i l e s  have become common near many metropolitan 

areas ,  including Denver a t  the Lowry Landfi l l ,  where a large number o f  used 

t i r e s ,  estimated a t  about 8 mil l ion,  were accumulated d u r i n g  the 1970's. 

goal of stor ing waste t i r e s  above ground rather  than disposing them i n  the land- 

f i l l ,  as is often done, was t o  ult imately process them for  e i the r  material 

recycling or  energy recovery. Unfortunately, a '*tire p i le fa  can present cer ta in  

problems, including: (1) a breeding s i t e  for  rodents, snakes, and mosquitoes - 
especial ly  t h e  t i g e r  mosquito i n  hat climates,  and (2) the poss ib i l i t y  of f i r e  

s t a r t ed  by l i g h t n i n g  or vandals. Hence, methods for u s i n g  waste t i r e s ,  e i t he r  

for t h e i r  fuel  value or  as a source o f  recycled mater ia ls ,  have been receiving 

increased a t ten t ion  by waste management o f f i c i a l s .  

The 

This section presents a summary description of energy recovery systems tha t  

could be used t o  process the waste t i r e s  a t  the DADS s i t e  (Lowry Landfi l l ) .  

T h i s  information was developed i n  a recent s t u d y  o f  d i sposa l  techniques for  

waste t i r e s  a t  the DADS s i t e  by the Department o f  Public Works o f  the C i t y  and 

County o f  0enves.l 
would have to be moved t o  allow exhuming material i n  waste p i t s  beneath t h e  t ire 

This s t u d y  concluded tha t  the t i r e s  stored a t  the DADS s i t e  
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p i l e s ;  therefore, the waste t i r e s  should be shredded i n t o  a coarse size f o r  
interim storage i n  a more compact and safe configuration. 

make a more flexible fuel form for  use i n  either MSW or hazardous waste inci- 

nerators. However, the recommendation t o  shred  the waste t i r e s  a t  the DADS s i t e  

may not  be followed. So, i n  the interest  of t h i s  "generic" s tudy ,  it w i l l  be 

assumed that the waste t i r e s  are stored away from contaminated waste p i t s  as 

whole t i res .  

Shredded t i r e s  would 

Energy recovery systems described below have been selected on the basis of 

integration with an MSW incinerator and a hazardous waste (HW) thermal treatment 

system(s) assumed t o  be located a t  the DADS s i te .  The MSW incinerator system 

would include a steam turbine for power generation. Also, the HW treatment 

systems would include a t  least  a rotary k i l n  u n i t  and poss ib ly  a fixed hearth HW 
incinerator or a circulating bed incinerator based on analysis of thermal treat- 

ment requirements o f  the hazardous wastes a t  the DADS site.:! 

6.2 ENERGY RECOVERY SYSTEMS FOR WASTE TIRES 

Energy recovery systems for  waste t i r e s  can be classified as either 

"dedicated" or " supplemental" tire-fueled systems. 

t i r e s  as the only type of fuel, whereas, supplemental systems can combine waste 

t i r e s  w i t h  MSW as fue l .  

exists - i .e.,  those that can use whole t i r e s  and others that require t i r e s  t o  

be shredded i n t o  nominal 2-in. s ize pieces, or tire-derived fuel (TDF). 

variation w i l l  be treated w i t h i n  the discussion of the dedicated and supplemen- 

t a l  types of systems. 

Dedicated systems can use 

A further classification of energy recovery systems 

This  

6.2.1 Dedicated Tire-Fueled Systems 

This  type of energy recovery system could be used to  process the waste 

tires stored a t  the QADS s i t e  p l u s  any wast? tires brought t o  the DADS s i t e  for  

disposal. 
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6.2.1.1 Fqrrlcslysis 

Pyrolysis processes use temperatures i n  the 1,000-I ,800'F range t o  ther- 

mally decompose shredded t i r e s  i n  t h e  absence of oxygen. 

l i q u i d  fuel  o i l  (-125 gal/ton of t i r e s )  and carbon black (-700 lbl ton o f  tires) 

w i t h  some additional combustible gas tha t  is often consumed a s  fuel  for  t h e  pro- 

cess. The ash residue contains 50 w t . %  Zn oxide tha t  has some market value. 

Primary products are  a 

Tire pyrolysis processes have been developed by several  firms i n  t h e  U.S. 

w i t h  seven pyrolysis processes on the market for waste t i r e s  and several  other 

processes under development. 1 One o f  t h e  larger development programs was eon- 

ducted by the Tosco Carp. and the Goodyear Tire Corp. i n  the 1970's.* 

program came to  the conclusion tha t  t ire pyrolysis plants  would have t o  be large 

(-9 million t i res /year)  t a  be prof i table .  Therefore, this process has not been 

widely applied, p r h a r i l y  because o f  ecorsumic conditions tha t  have restrained 

revenues and the large amount of cap i t a l  investment a t  r i s k .  

This  

I n  general, a t ire pyrolysis plant could be considered as a candidate t o  
process t h e  waste tires a t  the DADS s i t e  p l u s  the current stream of t i r e s  from 

t h e  Denver area. However, t h i s  option was not reeomenrled by the Denver s tudy  

o f  t h e  DADS waste t i r e  p i l e  because o f  the uncertain economics and h igh  cap i t a l  

investment requirements. I n  addition, the primary products from t h i s  process, 

fuel  o i l  and carbon black, a r e  not required by the MSW and HW incinerators  

assumed t o  be a t  t h e  DADS s i t e .  

cesses considered for  removing the waste t i r e s  a t  t h e  DADS site. 
Therefore, pyrolysis was removed from the pro- 

6.2.1.2 Traveling Grate Incinerator 

The t ravel ing grate  [TG) incinerator  is one o f  the basic types  of mass- 

burning incinerators  described i n  Sect. 4.2. Whole tires have been burned i n  a 
few incinerators  of t h i s  type as a normal consti tuant of MSW because t h e  agita- 

t ion  of t h e  t ravel ing gra te  promotes re la t ive ly  complete combustion. However, 

most TG incinerators  have used tires tha t  have been shredded, or TOF, as supple-  

mental fuel w i t h  MSW (see Sect,  6.2.2.2). 
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A special, whole-tire-burning incinerator was developed by Gummi Mayer i n  

Germany w i t h  operation of such an incinerator since 1971.1 

t o r ,  whole t i r e s  are fed i n t o  a refractory-lined furnace where they travel 

through the primary combustion zone on a reciprocating grate. 

bus t ion  gases pass through a boiler section where steam is produced either for 

direct use or passed through a turbine t o  generate electricity.  

t o r  therefore uses the refractory-lined, traveling-grate type boiler adapted for 

whole t i r e s  as the primary fuel. 

With t h i s  incinera- 

The h o t  con- 

This incinera- 

Oxford Energy, Inc. has licensed t h i s  technology i n  the U.S. and has so ld  

Oxford Energy 

its first system i n  Modesto, CA. 
4.5 m i l l i o n  tires/year and w i l l  produce 4.5 MW of e1ectricity.l 

has developed plant designs ranging from 14-28 MW of electr ic i ty  ou tpu t ,  and has 

proposed plants i n  Derry, NH and Sterling, CN. 

This  $38 mil l ion  plant has a capacity for 

6.2.1.3 Rotary Kiln System 

The rotary k i l n  system is basically the same as is used f o r  hazardous waste 

treatment described i n  Ref. 3. However, a special system for  whole t i r e  incin- 

eration is marketed by Combustion Technologies, Inc. (CTI). T h i s  system has a 
variable speed feeder that can charge whole or shredded t i r e s  p l u s  MSW i n t o  the 

k i l n .  A CTI  system, rated a t  12,200 passenger tires/day - 4.4 m i l l i o n  

tires/year, max., could generate 63,000 l b h r  of steam or 5.5 MW of electr ic i ty  

from a condensing turbine generator.1 

t i r e  incinerator capable of producing 50,000 lb/hr of steam was estimated t o  be 

approximately $8 mi l l ion ,  not including a turbine generator. 

The capital cost o f  a CTI rotary k i l n  

6.2.2 Supplemental Fuel Systems 

Waste t i r e s  can be a supplemental fuel for two types of incinerator systems 

of special interest  t o  t h i s  s t u d y ,  the rotary k i l n  system and the traveling 

grate, mass-burn type incinerator. These systems could be included a t  the DADS 
s i t e  for  treatment of hazardous wastes and YSW, respectively, and therefore may 

not require construction o f  a separate waste t i r e  faci l i ty .  
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Another po ten t ia l  use o f  waste t i r e s  as a supplemental fue l  is i n  cement 

k i l n s  i n  the v i c in i ty  of a waste t i r e  p i l e .  T h i s  method for  recovering the fue l  

value of waste t i r e s  has been used extensively i n  Japan and Germany, and t h u s  is 

technical ly  feas ib le .  Most U.S. k i l n s  would require shredded t i r e s  ra ther  than 

whole t i r e s ,  ra i s ing  the cost  of u s i n g  waste t i r e s  above tha t  of  law-cost coal. 

Therefore, domestic economics has prevented any s ign i f i can t  use of waste tires 
i n  the U.S. cement indus t ry .1  Hence, t h i s  option for  energy recovery from waste 

t i r e s  was not considered i n  t h i s  s t u d y .  

6.2.2.1 Rotary Kiln Syste 

The rotary k i l n  incinerator  a l so  has the capabi l i ty  t o  use waste t i r e s  as a 

supplemental fuel when t r ea t ing  low B t u  content hazardous wastes or MSW. 

feature  adds t o  the v e r s a t i l i t y  o f  t h i s  system since the energy content o f  waste 

tires can d i r ec t ly  o f f se t  the requirement for. adding supplemental. a i l  or natural  

gas fue ls .  

could  replace 200 CCI. f t  o f  natural  gas or 1 , 4  gal .  o f  d i s t i l l a t e  o i l  fuels. 

T h i s  

Each passenger t i r e ,  w i t h  a conservatively estimated 200,000 Btu, 

Another feature  o f  the rotary k i l n  system tha t  could be a t t r a c t i v e  for  pro- 

cessing t h e  waste t i r e s  a t  the DADS s i t e  is  the capabi l i ty  of processing whole 

or shredded t i r e s  t ha t  are  contaminated by csntact  w i t h  contaminated s o i l s .  

Thus, a ra ta ry  k i l n  u n i t  assumed t a  be located a t  the DADS s i t e  for decon- 

tamination o f  s o i l s  cauld a l so  be used t o  incinerate  contaminated tires s tored 

above ground p l u s  waste t i r e s  exhumed from the contaminated waste p i t s .  

6.2.2.2 Traveling rats Incinerators 

Several mass-burn, TG type incinerators , ,  described i n  Sect. 5.2.1.2, have 

accepted waste tires as a normal component of MSW w i t h o u t  shredding t o  improve 

combustion. 

shredded t i r e s  or TDF s ince t i r e  combustion is much more uniform and complete i n  

However, most TG inc inera tors  that dispose of waste tires accept 
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t h i s  form, reducing p a r t i c u l a t e  emissions and “hot  spots’’ i n  the  combustion 

zone. 

Dyersburg, TN, Tuscaloosa, and AL, Harrisburg, PA. In  addi t ion ,  severa l  

supplemental t i re-fueled inc ine ra to r s  are tlieing constructed i n  Maine. 

Therefore, ample demonstration e x i s t s  for  t h e  use o f  shredded t ires as 

supplemental fue l  f o r  TG i nc ine ra to r s .  

TG i nc ine ra to r s  that  use shredded tires wi th  MSW are located i n  

6.3 OISCUSSION OF PREFERRED WASTE TIRE ENERGY RECOVERY SYSTEMS 

As a r e s u l t  of t h i s  review of energy recovery options f o r  waste tires 

s to red  a t  a l a n d f i l l  such as t h e  DADS s i te ,  two energy recovery systems appear 

t o  have s i g n i f i c a n t  advantages for  i n t eg ra t ion  w i t h  other  waste energy recovery 

systems being considered f o r  t h e  DADS s i te .  These systems are the ro ta ry  k i l n  

incinerator  system and t h e  TG, mass-burning inc inera tor .  The primary advantage 

o f  these systems is  that both would be present as cons t i t uan t s  o f  the waste 

treatment systems if there were no s tored  waste tires as a par t  o f  t h e  waste 

stream. 
f o r  processing waste t ires i n  t h e  same types  o f  equipment that  is  used t o  pro- 

cess MSW and hazardous wastes. 

increased t o  accommodate t h e  increased mass flow from t h e  waste tires. 

Therefore, cap i ta l  c o s t s  would be minimized by including the capabili ty 

The s i z e  o f  t h e  u n i t s  s e l ec t ed  may have t o  be 

An advantage o f  both of these systems i s  the f l e x i b i l i t y  t o  use either 

whole t i res  or shredded tires i n  t h e  same basic type of combustion uni t .  

would, however, be important t o  iden t i fy  whole t i res  as a s i g n i f i c a n t  type o f  
waste t o  be processed by t h e  TG i nc ine ra to r  and ro ta ry  k i l n  u n i t s  so  t h a t  speci- 

f i c  u n i t s  could be selected w i t h  t h i s  capability. 

It 

F ina l ly ,  the capabili ty t o  use whole t i res  i n  t h e  two waste energy recovery 

systems proposed would reduce t h e  importance of i n s t a l l i n g  a t i r e  shredder a t  a 

generic s i te  as has been recommended f o r  t h e  waste tires a t  t h e  DADS site. 
it is determined that. t i re  shredding is desirable because of reduced s torage  

problems a t  the generic  s i te ,  then t h e  shredded tires are even easier t o  use as 
a high-8tu content f u e l  fo r  a mass-burning, MSW i nc ine ra to r  or a ro ta ry  k i l n  

If 

u n i t  Is). 



56 

REFR3ENCES FOFl SECTION 6 

ma 1. T. A. Sladek and E. K. Demos, Disposal Techniques with Energy Recovery for 
Scrapped Vehicle Tires,'" Oepartrnent o f  Publ ic Works, C i t y  and County o f  
Denver, Colorado (June 1987). 

B. L. Shulman and P. A. White, "Pyrolysis o f  Scrap Tires Using the Tosco I1 
Process - A Progress Report," - ACS Symposium Series No. 76: So l i d  Wastes - and 
Residues, American Chemical Society, 1978. 

Applications In te rna t i ona l  Corp., Oak Ridge, TN, t o  Mart in Marietta Energy 
Systems (September 1987). 

2. 

8, 
3.  Energy Recovery from Hazardous Waste Inc inerat ion,  Is repor t  by Science 



57 

7. E A T  RECOVERY FROW HAZARMKlS WASTE INCINERATIOld PROCESSES 

7.1 INTRODUCTION 

This sect ion presents an evaluation o f  po ten t i a l  processes for recovering 
heat from Hw i nc ine ra t i on  f o r  i n teg ra t i on  with MSW i nc ine ra t i on  processes a t  a 
common s i t e  t o  produce e l e c t r i c i t y  and thermal energy. Information on HW 
i nc ine ra t i on  processes and heat recovery, p lus other non-energy re la ted  
i n teg ra t i on  p o s s i b i l i t i e s ,  has been developed i n  a companion study by the 
Science Applications In te rna t i ona l  CarporEtion (SAIC) .1 

The SAIC study developed several HW i nc ine ra t i on  process designs based on 
the charac ter is t i cs  of buried s o l i d  and l i q u i d  wastes and s a i l  contamination as 
presently determined a t  the DADS s i t e .  &at recovery from the high-temperature 
off-gases of these processes was analyzed for  production o f  steam a t  condit ions 
t o  match steam produced by MSW i nc ine ra t i on  boi lers .  

7.2 HAZARDOUS WASTE INCINERATION PROCESSES 
7.2.1 Process Design Basis 

There are three types of wastes a t  the DADS s i t e  tha t  could be 
decontaminated by thermal treatment (or i f c i ne ra t i on )  processes. 
types are (1) contaminated MSW t ha t  would be exhumed from bur ied waste p i t s ,  
(2) contaminated durable goods such as appliances and other bulky 
non-combustible items tha t  would also be exhumed f rom the waste p i t s ,  and 
(3) contaminated s o i l  from l i q u i d  wastes tha t  drained or leached from the waste 
p i t s .  
are indicated t o  be h igh ly  aqueous and therefore more amenable t o  chemical 
decontamination than thermal treatment. 
t o  be t reated by i nc ine ra t i on  i n  the process designs developed i n  t h i s  study. 

These waste 

Free-standing l i q u i d s  containing organic contaminants i n  the waste p i t s  

Therefore, no l i q u i d  wastes are assumed 



SAIC estimated the following quant i t ies  of wastes For the design basis  of 

These quant i t ies  contain uncertaint ies  because of the 

incineration processes - 388,000 tons of MSW, 52,000 tons of durable goods, and 

3,900,000 tons of s o i l .  

preliminary information on which t h e y  are  based.2 

invest igat ions should provide better estimates o f  both t h e  quant i t ies  a f  wastes 

and l eve l s  of contamination, and may therefore s ign i f icant ly  modify the 

quant i t ies  of wastes assumed for decontamination by incineration. 

quantity may be the most suspect as i t  was based on a calculated leaching r a t e  

of contaminated l i q u i d s  i n to  s o i l  beneath the waste p i t s .  

Subsequent s i t e  

The s o i l  

The other variable necessary t o  s i z e  equipment modules was the assumed 

processing period for  decontaminating t h e  quant i t ies  of wastes listed above. 

Because of the poten t ia l ly  large quant i t ies  of wastes tha t  may require 

decontamination, a processing period i n  the range o f  10-15 years was indicated 

as possible i n  discussions w i t h  Region 8 EPA o f f i c i a l s .  A 12-year processing 

period was therefore selected on the basis of a t o t a l  period of 15 years,  

including two years f o r  construction and shakedown and one year for equipment 

removal and project closeout. 

higher processing r a t e s  and therefore higher cap i t a l  cos ts  for the processing 

system, and a longer processing period would reduce processing ra tes  and cap i t a l  

costs .  

A shorter  processing period would r e su l t  i n  

Auxiliary fuel  for  afterburners and supplementary heating was assumed t o  be 
No. 2 fue l  o i l  w i t h  a lower heating value o f  18,000 Btu/ lb  and a cost  o f  
$U.l41/lb ($l/gal.). 

7.2.2 
7.2.2.1 Candidate Hazardous a s t e  Incineration Systems 

ary of Hazardous Waste Incineration Syste 

I n  i t s  Study of hazardous waste incineration technologies, SAXC evaluated 

four technologies i n  depth f o r  consideration as candidate systems f o r  t rea t ing  

the DADS hazardous wastes. These technologies were rotary k i l n s ,  c i rcu la t ing  

bed combustors or f luidized beds, multiple hearth inc inera tors ,  and e l e c t r i c  

infrared incinerators .  The f i r s t  three technologies were selected as candidates 
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for  a p r e l i m i n a r y  p r o c e s s  d e s i g n  on the basis o f  a wide range  o f  cr i ter ia ,  

i n c l u d i n g :  comple t ion  o f  RCRA t r i a l  b u r n s ,  s ta te  o f  development ,  feed 

c a p a b i l i t y ,  v e r s a t i l i t y  of t r e a t i n g  waste t y p e s ,  and a u x i l i a r y  f u e l  cost. 
same t e c h n o l o g i e s  - r o t a r y  k i l n s ,  m u l t i p l e  hearth i n c i n e r a t o r s ,  and c i r c u l a t i n g  

bed combustors  - were l i s t ed  i n  Ref. 3 as c u r r e n t l y  deve loped  thermal t r e a t m e n t  

t e c h n o l o g i e s  as opposed t o  

s t a g e s  o f  development.  

These 

111 emerging'* t e c h n o l o g i e s  tha t  are still i n  v a r i o u s  

7.2.2.2 Rotary Kiln I n c i n e r a t i o n  

Ro ta ry  k i l n  i n c i n e r a t i o n  is a p r e f e r r e d  method f o r  t r e a t i n g  mixed 

hazardous  s o l i d  r e s i d u e s  because  o f  i ts  ab : l l i t y  t o  hand le  waste i n  any p h y s i c a l  

form and because  o f  i ts  h i g h  i n c i n e r a t i o n  e f f i c i e n c y .  Rotary k i l n s  can  

i n c i n e r a t e  s o l i d s ,  l i q u i d s ,  o r  g a s e s  independen t ly  or i n  combina t ion ,  and t h e y  

c a n  a c c e p t  waste feed w i t h o u t  any p r e p a r a t i o n .  Because o f  their  v e r s a t i l i t y ,  

rotary k i l n s  are used  by most commercial i n c i n e r a t o r  o p e r a t i o n s ,  d e s p i t e  very  

h igh  c a p i t a l  costs and o p e r a t i n g  c o s t s  from less-than-optimum ene rgy  e f f i c i e n c y .  

Rotary k i l n s  allow for comple te  man ipu la t ion  o f  t he  e s s e n t i a l  r equ i r emen t s  

for  combustion: r e t e n t i o n  time, t u r b u l e n c e ,  a i r  s u p p l y ,  and t empera tu re ,  

Although l i q u i d  wastes are f r e q u e n t l y  i n c i r ? e r a t e d  i n  r o t a r y  k i l n s ,  and k i l n  

a p e r a t i n g  c o n d i t i o n s  allow for  t r e a t m e n t  o f  hazardous  gaseous  wastes, the k i l n s  

are des igned  p r i m a r i l y  for t h e  combust ion of s o l i d  wastes. 

v e r s a t i l e  i n  t h a t  t h e y  can  hand le  s l u r r i e s ,  s l u d g e s ,  b u l k  s o l i d s  of v a r y i n g  

s ize ,  and c o n t a i n e r i z e d  wastes. 

k i l n s  are aqueous o r g a n i c  s ludges that become s t i c k y  on d r y i n g  and form a r i n g  

around t h e  k i l n ' s  p e r i p h e r y ,  and s o l i d s  t h a t  t e n d  t o  r o l l  down t h e  k i l n  

(e.g., drums) and are n o t  r e t a i n e d  as long  as bulk so l ids .  

problem, drums and other c y l i n d r i c a l  c o n t a i q e r s  u s u a l l y  are n o t  i n t r o d u c e d  to  

t h e  k i l n  when i t  is  empty. 

a c t i o n .  The numerous haza rdous  wastes t h a t  have been treated i n  r o t a r y  k i l n s  

i n c l u d e  WBs, tars, o b s o l e t e  mun i t ions ,  p o l y v i n y l  c h l o r i d e  wastes, and bot toms 

from s o l v e n t  r e c l a m a t i o n  o p e r a t i o n s .  

They are exceed ing ly  

The o n l y  wastes t h a t  create problems i n  r o t a r y  

To r educe  t h i s  

Other s o l i d s  i n  t h e  k i l n  h e l p  t o  impede t h e  r o l l i n g  
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Rotary  k i l n  i n c i n e r a t o r s  have 3t least  two combustion chambers - t h e  

r o t a t i n g  k i l n  and a n  a f t e r b u r n e r .  

c y l i n d r i c a l ,  h o r i z o n t a l ,  r e f r a c t o r y - l i n e d  s h e l l  mounted a t  a s l i g h t  i n c l i n e .  

The i n c l i n e  f ac i l i t a t e s  ash and s l a g  removal. 

one t o  seven  times p e r  minute .  

o r  p u l v e r i z e d  coal. F u e l s  can  be f e d  i n t o  t h e  k i l n ,  t h e  a f t e r b u r n e r  s e c t i o n ,  uz' 
both .  

fuels. Most o f  t h e  h e a t i n g  o f  t h e  waste r e s u l t s  from h e a t  t r a n s f e r  between t h e  

combust ion p roduc t  gases and the w31I.s of t h e  k i l n .  

The r o t a r y  k i l n  is a s l o w l y  r o t a t i n g ,  

The k i l n  rotates Prom less t h a n  

Rotary k i l n s  can  be f u e l e d  by n a t u r a l  g a s ,  o i l ,  

The a f t e r b u r n e r  s e c t i o n  c a n  h a n d l e  o n l y  gaseous  or low-viscos i ty  l i q u i d  

S o l i d  and s e m i s o l i d  wac;tes are i g n i t e d  on t r a v e l i n g  grates before they 
r e a c h  t h e  k i l n .  The r o t a t i o n  of the k i l n  mixes t h e  waste w i t h  combustion a i r  as 

t h e  waste p a s s e s  through.  

the k i l n ,  t h e  gas stream enters the a f t e r b u r n e r  s e c t i o n ,  where p r o d u c t  g a s e s  and 

combust ib le  car ry-over  p a r t i c u l a t e s  undergo comple te  combustion. 

L iqu id  residues are burned i n  suspens ion .  Fol lowing 

A t y p i c a l  r o t a r y  k i l n  i n c i n e r a t o r  is  shown i n  F ig .  7.1. S o l i d  waste is 

charged  a t  the  h i g h e r  end and t r a v e l s  t h e  l e n g t h  of t h e  k i l n  because  0f its 

e v o l v i n g  and tumbl ing  motion. 

through a u x i l i a r y  n o z z l e s .  Unl ike  t h e  l i q u i d  i r r j e u t l a n  i n c i n e r a t o r ,  the r o t a r y  

k i l n  burn ing  l i q u i d  wastes i n  c a n j u n c t i o n  w i t h  s o l i d s  may be f i r e d  a t  either t h e  

feed or  d i s c h a r g e  end of t h e  u n i t .  

d e s i g n s  are widely  used.  The d i s c h a r g e  end o f  the r o t a r y  k i l n  i s  hooded s o  t h a t  

collected combustion gases are exhaus ted  t o  a secondary  combustion chamber 

( a f t e r b u r n e r ) ,  a quench chamber,  and the a i r  p o l l u t i o n  c o n t r o l  equipment.  

L iqu id  and gaseous wastes can dsr3 be added 

Both c o n c u r r e n t  and c o u n t e r c u r r e n t  f i r i n g  

Waste undergoes  combustion as i t  passes through the k i l n ,  and the 

noncombust ible  waste d r o p s  o u t  t h e  lower end. 

k i l n  r e s u l t s  i n  con t inuous  removal  a f  ash and con t inuous  exposure  of new 
s u r f a c e s  for  o x i d a t i o n .  

combustion. 

The tumbling a c t i o n  of the r o t a r y  

The r o t a t i o n  also creates t u r b u l e n c e  and improves 
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BUNKER L0401)uG C R A N C  ROTARY X I L N  WASTE HEAT B O I L E R  M I X E R  OUEHCN 

A F T E R  BURNER CYCLONE PACXED TOWER 
A M 0  STACK 

Fig. 7.1. Example o f  modern hazardous waste rotary k i ln  incinerator with 
waste heat recovery and high-ef ficiency wet/dry f lue-gas scrubber [Biebesheim, 
West Germany). 
Redfern, Ltd., Weston Designers-Consultants, and Ontario Research foundation, 
Generic Process Technologies Studies, System Development Project,  Ontario Waste 
Management Corporation, August 1982. 

[Reproduced courtesy of Von Roll A.G.] Source: Proctor and 



Rotary k i l n s  can  p r o v i d e  t h e  r e t e n t i o n  times and t e m p e r a t u r e s  n e c e s s a r y  t o  

combust any o r g a n i c  haza rdous  waste. 

seconds  t o  an hour  o r  more For bu lk  s o l i d s  and can be c o n t r o l l e d  by v a r y i n g  the  
r o t a t i o n a l  speed o f  the k i l n .  R e t e n t i o n  time o f  t h e  g a s  stream, which i n c l u d e s  

any l i q u i d  or gaseous  wastes and t h e  oxygen s u p p l y ,  is v a r i e d  as r e q u i r e d  by t h e  

a i r  supp ly  c s n t r a l s .  Combustion t e m p e r a t u r e s  range from 1,500 t o  3,000'F. A 
r e l a t i v e l y  c o n s t a n t  t empera tu re  can be maintained by v a r y i n g  t h e  f e e d  ra te  of  

waste and by d i r e c t l y  c o n t r o l l i n g  t h e  a u x i l i a r y  b u r n e r s .  

combustion g a s e s  is ach ieved  through t h e  tumbling a c t i o n  o f  t h e  k i l n  and t h e  

t u r b u l e n c e  caused by d i r e c t i o n a l  changes as the g a s  stream t r a v e l s  from t h e  k i l n  

t o  t h e  secondary cornbustian chamber. 

( r e t e n t i o n  time, turbul .ence,  a i r  s u p p l y ,  and t e m p e r a t u r e )  are a l l  c o n t r o l l a b l e ,  

t hey  can be manipulated as r e q u i r e d  fnr complete combustion. 

Re ten t ion  times can range from a feN 

Mixing o f  the 

S i n c e  the r equ i r emen t s  of  combustion 

To ensuKe cornglete waste combustion r o t a r y  kiJ.n i n c i n e r a t o r  d e s i g n s  a1 ways 
i n c l u d e  an a f t e r b u r n e r .  

o f  s o l i d  wastes t o  g a s e s ,  which o c c u r s  th rough  a series of  v o l a t i z a t i n n ,  

d e s t r u c t i v e  d i s t i l l a t i o n ,  and pa r t i a l  combustion r e a c t i o n s .  However, a n  

a f t e r b u r n e r  is a lmos t  a lways r e q u i r e d  to cornpl.ste t h e  gas-phase combustion 

reactions. 

k i l n ,  where t h e  gases e x i t i n g  the k i l n  t u r n  from a h o r i z o n t a l  flow p a t h  t o  a 

v e r t i c a l -  f low p a t h  upward t o  t h e  a f t e r b u r n e r  chamber. 

may be h o r i z o n t a l l y  or  v e r t i c a l l y  a l i g n e d .  

The primary fur ic t ion o f  t h e  k i l n  s e c t i o n  is conversiar l  

The a f t e r b u r n e r  is connected directly t n  the d i s c h a r g e  end of  t h e  

The a f t e r b u r n e r  i t s e l f  

The priinary chamber o f  r o t a r y  k i l n  i n c i n e r a t o r s  may be operat-ed i n  e i t h e r  a 

s t a r v e d  a i r  mode or an excess a i r  mode. Smaller k i l n s  are generally o p e r a t e d  i n  

a s t a r v e d  a i r  mode, and l a r g e r  u n i t s  are always o p e r a t e d  using e x c e s s  a i r .  

Because r o t a r y  k i l n  i n c i n e r a t o r s  are always equipped wi th  an o x i d i z i n g  secondary 

combustion chamber, there is always o v e r a l l  excess a is  usage. 8otary k i l n s  

o p e r a t e  a t  a s l i g h t  vacuum main ta ined  by an induced d r a f t  blower i n  t h e  

combustion chambers. As a r e s u l t ,  a i r  may e n t e r  t h rough  cha rg ing  doors,  seals ,  

and p o r t s ,  as well as combustian a i r  f o r c e d - d r a f t  blowers .  Allowances for  a i r  

e n t e r i n g  through leaks are i n c o r p o r a t e d  i n  k i l n  d e s i g n s .  
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Waste loading systems f o r  rotary k i l n s  are often t h e  most complex of a l l  

hazardous waste inc inera tor  types. Sol id ,  l i qu id ,  and containerized wastes are 

of ten fed t o  a ro ta ry  k i l n  simultaneously, and l i q u i d  wastes may be in jec ted  a t  
several  locations.  

Sol id  wastes are loaded i n t o  the  k i l n  a t  t he  high end and are passed 

through the  combustion zone as t h e  k i l n  ro ta tes .  

tires, and/or sludge can be pack-fed i n t o  the  upper end o f  t h e  k i ln .  

as la rge  as 55 gal lon drums may be fed through loaders equipped wi th  a i r  locks 

and h y d r a u l i c  drum dumpers. 

Whole drums of s o l i d  waste, 

Containers 

7.2.2.3 Circulating Bed Combustors 

The c i rcu la t ing  bed combustor is a spec ia l  kind o f  f lu id ized  bed 

inc inera tor  t h a t  operates a t  higher turbulence and combustion p a r t i c l e  burnup 

rates. Figure 7.2 shows the  basic components o f  a c i r cu la t ing  bed combustor. 

Combustible waste and limestone are fed i n t o  t h e  combustion loop along w i t h  

rec i rcu la ted  bed material from the  hot cyclone. 

waste t r a v e l  a t  high veloci ty  through t h e  combustion chamber react ion zone t o  

t h e  hot cyclone. 

i n t o  the  combustion chamber. 

cooler and a baghouse f i l t e r  before i t  is exhausted t o  the  atmosphere. 

gas veloci ty  and c i r cu la t ing  s o l i d s  create a highly turbulent  combustion zone 

and r e s u l t  i n  a uniform temperature (within 50'F) around t h e  e n t i r e  combustion 

80 th  the  bed material and the  

Sol ids  are separated from t h e  hot combustion gas and in jec ted  

Hot f l u e  gas passes through a convective gas 

The high 

loop. 

The c i rcu la t ing  bed combustor does not require  an af terburner  or a wet 

scrubber. 

c i r cu la t ing  limestone absorbs most of t h e  ac id  gases t o  form t he  respect ive 

calcium salts.  
low by effective mixing, staged combustion, and r e l a t ive ly  low combustion 

temperatures (1,450 t o  1,800'F). 

The rec i rcu la t ing  s o l i d s  v o l a t i l i z e  t h e  in jec ted  waste, and t h e  f i n e  

The emissions o f  carbon monoxide and nitrogen oxides are kept 

Even w i t h  these low combustion temperatures, 
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one  manufac turer  r e p o r t s  test burn  r e s u l t s  of better t h a n  99.99% d e s t r u c t i o n  and 

removal e f f i c i e n c y  for  c h l o r i n a t e d  hydrocarbons  and better t h a n  99.9999% 

d e s t r u c t i o n  and removal e f f i c i e n c y  for FCRs.5 

The c i r c u l a t i n g  bed combustor can  a c c e p t  s o l i d s ,  l i q u i d s ,  s l u d g e s ,  and 

s l u r r i e s  d i r e c t l y  i n t o  t h e  combustor  loop; m u l t i p l e  feed p o r t s  o r  a t o m i z e r s  are 

n o t  needed. 

d i s t r i b u t i o n .  

cooler. 
r e l e a s e d  d u r i n g  t h e  combust ion r e a c t i o n s .  

enhanced by convec t ion  and s o l i d  p a r t i c l e  conduct ion .  

exchangers  l o c a t e d  between t h e  cyc lone  and t h e  baghouse f i l t e r  remove s e n s i b l e  

heat from t h e  f l u e  gas. 

g a s  c o n c e n t r a t i o n s  p r e v a l e n t  i n  some waste i n c i n e r a t o r s  because  acid g a s  

s c r u b b i n g  takes p l a c e  w i t h i n  t h e  combust ion chamber. 

combustor  i s  e f f e c t i v e  i n  removing the acid g a s e s .  

r e q u i r e d  heat is  recove red  i n  r e c u p e r a t i o n  or  i n  energy  conve r s ion .  

e f f i c i e n c y  r e s u l t s  f rom a high combust ion e f f i c i e n c y ,  o p e r a t i o n  a t  low e x c e s s  

a i r ,  and low h e a t  loss f rom t h e  u n i t .  

The i n h e r e n t l y  h i g h  l e v e l s  07 t u r b u l e n c e  and mixing e n s u r e  good 

Energy is recove red  i n  both t h e  combustor  zone and t h e  f l u e  g a s  

The heat exchange s u r f a c e  i n  t h e  combustor  removes t h e  the rma l  energy  

Heat t r a n s f e r  i n  the combustor  is 

Conven t iona l  h e a t  

The f l u e  g a s  coo:ers are n o t  s u b j e c t e d  t o  t h e  h i g h  acid 

The l i m e s t o n e  i n  t h e  

Approximately 80% of t h e  

This  h i g h  

7.2.2.4 Multiple Hearth Incinerators 

Hearth i n c i n e r a t o r s  g e n e r a l l y  c o n s i s t  o f  two i n t e r c o n n e c t e d  

r e f r a c t o r y - l i n e d  chambers, a pr imary  or i g n i t i o n  chamber, and a secondary  or 

a f t e r b u r n e r  chamber. 

and a n  a s h p i t .  The a s h p i t  i s  p o s i t i o n e d  by t h e  h e a r t h  or g r a t e  on which t h e  

r e f u s e  is burned.  

combust ion are e n t r a i n e d  i n  t h e  f l u e  gas and flow t o  t h e  secondary  chamber 

where combust ion is completed.  

p r imary  or the secondary  chamber. 

The pr imary  chamber is d i v i d e d  i n t o  a combust ion s e c t i o n  

The gaseous  and p a r t i c u l a t e  p r o d u c t s  of comple te  or p a r t i a l  

L iqu id  wastes can be i n j e c t e d  i n t o  either t h e  
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Hear th  u n i t s  equipped wi th  a g r a t e  i n t r o d u c e  combust ion a i r  bo th  above 

( o v e r f i r e  a i r )  and below ( u n d e r f i r e  a i r )  t h e  g r a t e .  

g e n e r a l l y  u s e  a h y d r a u l i c  ram t o  push t h e  s o l i d  waste a long  t h e  f l o o r  o f  t h e  

h e a r t h  i n  o r d e r  t o  e n s u r e  comple te  burn ing .  

U n i t s  w i thou t  g r a t e s  

The combustion p r o c e s s  i n  a h e a r t h  i n c i n e r a t o r  proceeds  i n  two s t a g e s :  

pr imary or l i q u i d / s o l i d  f u e l  combust ion o c c u r s  i n  t h e  pr imary chamberg fo l lowed 

by secondary  or  gaseous-phase combust ion i n  t h e  secondary  combustion chamber. 

I g n i t i o n  and combust ion o f  t h e  l i q u i d  or s o l i d  wastes occur  i n  t h e  pr imary 

chamber under  s t a r t e d - a i r  c o n d i t i o n s .  

t h e  pr imary  chamber a t  t e m p e r a t u r e s  o f  1,200 t o  1,800.F. 

t o  80% are most t y p i c a l  (Oppelt 1987). 

Excess a i r  rates range  from 30 t a  200% i n  

Excess  a i r  rates o f  50 

As burning  p roceeds ,  t h e  m o i s t u r e  and v o l a t i l e  components o f  t h e  f u e l  are 

vapor i zed  and p a r t i a l l y  o x i d i z e d  i n  p a s s i n g  from t h e  pr imary chamber t o  t h e  

secondary  chamber, where a d d i t i o n a l  a i r  is i n t r o d u c e d  a long  wi th  a u x i l i a r y  f u e l .  

T y p i c a l  excess a i r  rates i n  t h e  secondary  chamber range  from 200 t o  400% a t  

t e m p e r a t u r e s  o f  1,400 t o  2,200.F. 

hazardous waste d e s t r u c t i o n  is based e n t i r e l y  on t h e  p e r i o d  o f  time t h e  f l u e  

g a s e s  spend i n  t h e  secondary  chamber. Typ ica l  r e s i d e n c e  times are 1.5 t o  2.5 

seconds .  The combust ion a t  adequa te  t empera tu re  and a d d i t i o n a l  a i r ,  augmented 

by secondary  b u r n e r s  as n e c e s s a r y ,  assists i n  i n i t i a t i n g  t h e  second s t a g e  o f  t h e  

combust ion p r o c e s s ,  Turbulen t  mixing,  r e s u l t i n g  from t h e  r e s t r i c t e d  f low areas 

and abrupt changes i n  f low d i r e c t i o n ,  f u r t h e r s  the gaseous-phase r e a c t i o n  and 

f i n a l  o x i d a t i o n  o f  combus t ib l e  components. 

The r e s i d e n c e  time t h a t  is c r i t i c a l  t o  

The f l u e  g a s  then  leaves the secondary  chamber and f lows t o  t h e  quench 

chamber and t o  a i r  po l l . u t ion  c o n t r o l  equipment.  

erator u n i t  is shown i n  F ig .  7.3. 

An example o f  a h e a r t h  i n c i n -  
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Fig. 7.3. Diagram o f  a hearth incinerator. 

Sources Gardner, e t  al . ,  1979.6 



68 

7.2.3 Incineration Facility Canceptual 8es.i 

The three types of hazardous wastes t o  be t reated were assigned t o  the 

canrlidate technologies on the basis o f  t he i r  processing charac te r i s t ics  as 

follows: rotary k i l n  for MSW, s o i l ,  and durable goods; c i rcu la t ing  bed 

combustors for s o i l ;  and multiple hearth incinerators  for  durable goods. 

assignments were used t o  develop the incineration f a c i l i t y  conceptual des igns  

described below. 

to  decontaminate s o i l s  depends on the spec i f ic  types of contaminants present 

since the decontamination factor  achievable w i t h  the c i rcu la t ing  bed cnnibust.ar 

may not meet RCRA standards f e r  some chlorinated hydrocarbons. 

These 

It should be noted tha t  the use o f  c i rcu la t ing  bed combustors 

The3 conceptual layout o f  an incineration f a c i l i t y  is shown i n  Fig. 7.4. 

Exhumed MSW and contaminated s o i l  would be brought by truck t a  an unloading area 

where it would be transferred t o  a s o r t i n g  area by cclnveynrs and front-end 

loaders. The durable  goods p r t i o n  would be separated from the MSW a t  the 

sor t ing area where l i q u i d  runoff would a l s o  be collected for  t ransfer  t o  the 

storage area. '?he three waste f ract ions - MSW, s o i l ,  and durable  goods - would 

be t ransferred t o  the incineration area by truck or conveyorsp as appropriate. 

Three conceptual designs f o r  incineration o f  hazardous wastes were 

developed f o r  preliminary evaluatian o f  heat recovery potent ia l  from treatment 

of the DADS hazardous wastes. 

combine the treatment capab i l i t i e s  of the three incineration technologies w i t h  

processing r a t e s  i n  TPD for the three types o f  so l id  wastes t o  be t reated.  

processing rates are average daily rates For 365 dayslyear over a 12-year 

period. 

These system options, summarized i n  Table 7.1, 

The 

The f i r s t  incineration system option employs rotary k i l n s  for  a l l  waste 

types - four u n i t s  t o  process 890 TPU of s o i l ,  one uni t  t o  process 86 PPI) o f  
, and one u n i t  t o  psacess 11.9 TPO of durable  goods. 

option uses two c i rcu la t ing  bed u n i t s  i n  place o f  the rotary k i l n s  t o  process 

The second system 
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Fig. 7.4. Conceptual layout of hazardous waste incineration faci l i ty .  



ste incineration system options. 

Durable --.... Goods - Waste Type S o i l  MSH 

%stem Opt ion  1 

Technology Rotary K i l n  Rotary Ki ln  Rotary K i l n  

No. o f  a c t i v e  u n i t s  4 1 1 

No. a f  s p a r e  uni ts  0 1 0 

Uni t  p r o c e s s i n g  ra te  - TPO 222.5 86 11.9 

System Option 2 

1 echnology Circulating Bed Rotary K i l n  Rotary K i l n  

No. o f  a c t i v e  u n i t s  2 1 1 

No. o f  spare u n i t s  0 1 0 

Unit  p r o c e s s i n g  rate - TPD 445 86 11.9 

System Option 3 

Technology Rotary K i l n  Rotary K i l n  M u l t i p l e  Hearth 

.~_ 

No. o f  a c t i v e  u n i t s  4 1 

No. o f  spare u n i t s  0 1 

Unit processing rate - TPD 222.5 86 

1 

0 

Ll.9 
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the 890 TPD of s o i l ,  and t h e  t h i r d  system aption is  the same as t h e  first option 

except f o r  using a mult iple  hearth inc inera tor  u n i t  i n  place of a rotary k i l n  

for durable goods treatment. 

After inc inera t ion ,  t h e  f l u e  gas flows through a heat-recovery heat 

exchanger and/or a quench tank t o  reduce t h e  gas temperature. 

treatment steps include a Venturi scrubber,  a caus t i c  absorption un i t ,  a mist 
el iminator ,  and a fabric f i l t e r  baghouse before venting through a stack. Ash 

from t h e  inc inera tor  u n i t s  and sludge from the water treatment system would be 

sampled and disposed o f  i n  a l a n d f i l l  i n  a61 appropriate manner. 

descr ip t ions  of these processes are provided i n  Ref. 1.) 

Additional 

(Mare detailed 

7.3 HEAT RECOVERY FRW HAZARDOUS WASTE SYSTEMS 
7.3.1 Heat Recovery Conditions 

Flue gas temperatures are nominally 1,800'F from hazardous waste rotary 

k i l n s  and 1,50Q*F from c i r cu la t ing  bed combdstors 
t h e  poss ib i l i t y  of producing high-quality energy i n  the form o f  superheated 

steam f o r  power production rather than preheating of combustion a i r  and so l ids .  

Therefore, steam condi t ions from a flue-gas heat recovery b o i l e r  were chosen t o  
match the  highest  superheat temperatures used i n  cur ren t  mass-burning MSW 

inc inera tor  power plants .  

Table 4.4 - w i t h  an enthalpy of 1,413 Btu/lb. 

Such high temperatures allow 

These condi t ions were 830'F, 865 psig steam - see 

A cogeneration steam turb ine  u s i n g  these steam condi t ions i n  an MSW i nc i -  

nera tor  power p lan t  was a lso  selected for preliminary power system in tegra t ion  

evaluations.  

i ts associated MSW bo i l e r s .  

Table 7.2 lists t h e  primary characteristics of t h i s  turbine and 
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Turbine/Generator 

Thrott le steam temperature, 'F 830 

Throttle steam pressure, psig 86 5 

Net generator output - f u l l  condensing, lclw 14.4 

2.7 

Extraction steam flow, lb/h 116,000 

Maximum steam flaw, 1b.h  152, aoo 

Net generator output - cogeneratian, MW 

Boiler 

Ne. o f  u n i t s  

Total MSW throughput 

B 4800 Btu/lb, tons/day 

B 4500 Btu / lb ,  tons/day 

~ r o s s  heat re lease,  million ~ t u h  
Overall boi ler  eff ic iency,  % 

2 

625 
666 

250 

70 

Source: Ogden Martin Systems, Inc. 
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7.3.2 Potential Heat Recovery and Costs 

Heat recovery from off-gas flows was estimated for  t h e  three hazardous 

waste systems described i n  Sect. 7.2.2 used t o  process the  MSW and the  con- 

taminated s o i l :  (1) t h e  86 TPD MSW rotary k i l n  used i n  a l l  three system options,  

(2) the  890 TPD s o i l  rotary k i l n s  used i n  the f i r s t  and t h i r d  system options,  

and ( 3 )  t h e  890 TPD s o i l  c i r cu la t ing  beds used i n  t h e  second system option. 

These systems a r e  shown schematically i n  Fig. 7.5. 

t o r  was not included i n  t h e  heat recovery ana lys i s  because of the  relatively 

small s i z e  o f  t h i s  inc inera tor  un i t .  

The durable waste incinera-  

Preliminary ca lcu la t ions  were perfomed t o  ind ica te  the magnitude o f  heat 

t ha t  could be recovered for severa l  energy uses such as pre-heating combustion 

a i r ,  producing turbine qua l i t y  superheated steam, and adding t o  steam superheat. 

These ca lcu la t ions  indicated t h a t  only t h e  second option, production of turbine 

qua l i t y  steam, would provide a usefu l  flow of energy t o  match process flow 

requirements. 

Analysis of steam production was based on a three-stage heat exchange pra- 

cess from t h e  high-temperature inc inera tor  off-gas t o  feedwater and steam, as 
shown i n  Fig. 7.6. 

Hastelloy C was assumed as t h e  heat exchanger material .  

t h e  three heat exchange s tages  were ca lcu la ted  f o r  t h e  off-gas flows o f  each of 

the inc inera t ion  systems, and the  corresponding c a p i t a l  c o s t s  i n  1987 d o l l a r s  

were estimated based on standard cos t  e s t i n a t i n g  procedures. 

these ca lcu la t ions  are presented i n  Table 7 . 3 .  

heat recovery systems range from approximately one-half t o  two mil l ion do l l a r s  

for  t he  three  hazardous waste inc inera tor  systems considered, 

A sui table  acid-gas co:rrosion r e s i s t a n t  material such as 

Heat t r ans fe r  a reas  for  

The results o f  
The t o t a l  c a p i t a l  cos t s  fo r  t h e  

The t o t a l  off-gas flow rates and steam production rates o f  330'F/835 psig 

steam calculated f o r  t h e  three inc inera tor  systems is shown i n  Table 7.4. The 

t o t a l  steam production cos t  i n  $/lb is a l s c  shown with i ts  primary components, 
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SFEAM 
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FEEDWATER 
(a) MSW TREATMENT BY ROTARY KILNS 

TO STACK 
890 TPD 
SOIL 
(TIRES) 

(b) SOIL TREATMENT BY ROTARY KILNS 

STEAM 

TO STACK 

890 TPCP 
$ 0 1  L 

(c )  SOIL TREATMENT BY CIRCULATING BEDS 

Fig. 7.5. Schematics o f  hazardous waste heat recovery systems. 
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S E A M  WATER 

Fig. 7.6. Steam generation from off-gas heat recovery. 
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Steam Superheater Steam Generator Water Preheater Total 
Area Capital  Area Capital Area Capital Capital 

(scp ft) ($1 (sq f t> ($3 (sq ft> ($1 ($1 
MSW K i l n  618 98,000 3,722 56,250 4,619 392,900 547,150 

S o i l  K i l n  1,622 181,300 9,769 846,250 12,122 1,042,700 2,070,258 

s o i  1 315 60,450 1,903 226,670 2,102 241,800 528,920 
Circula t ing  Bed 

le 7.4. Heat recovery syste Plow rates and ste 

Steam cost ($/a03 l b )  
Off-Gas Flow S t e m  F l o w  To ta l  Fuel  Heat Recovery 

( l b h )  . ( l b h 1  

MSW K i l n  176,426 57,519 7.60 6.90 0.70 

S o i l  K i l n s  (4) 461,358 150,956 13.60 13.0 0.6 

Soi l  CBCs (2) 75 , 233 21,227 13.30 12.20 1.10 
-- 
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the fuel cost and heat recovery cost components. 

based on the to ta l  installed cost o f  the heat exchange equipment levelized over 

12 years w i t h  a 7% discount rate. 

The heat recovery cost was 

The total  steam cost is predominantly the fuel cost which would be 

experienced whether or no t  heat was being recovered. Therefore, the "heat reco- 

very" cost is a truer indicator of the economic value o f  producing turbine- 

quality steam from hazardous waste incinerator systems. The "heat recovery'" 

steam costs of approximately $0.6-l/thousand l b s  appears t o  be attractive for 

such high-quality energy. 

The next section w i l l  evaluate power production opt ions  f o r  u t i l i z i n g  steam 

produced by heat recovered from such incinerator systems. 
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8. INTEGRATION OF CONVENTIONAL AND HAZARDOUS WASTE INCINERATION 
SYSTEMS FDR POWER GENERATION 

8.1 INTROMlCTION 

T h i s  section describes the conceptual integration o f  steam production from 

incineration of conventional and hazardous wastes for power generation. 

integration options are presented based on the estimated steam production from 

hazardous waste incineration systems developed i n  Sect. 7. Operational features 

that could benefit from integration of the two incineration processes are also 

discussed. 

integration concept. 

Two 

Finally, several issues are discussed that are important t o  the 

8.2 INTEGRATIW OPTIONS FOR POWER GENERATION 

There are potentially a large number of combinations of conventional MSW 
boilers and steam turbines that could be integrated wi th  a steam-producing 

hazardous waste faci l i ty .  

plant was used for t h i s  preliminary evaluation o f  the concept because of limited 

information available on detailed plant designs.  

However, only one conventional MSW incinerator power 

The two hazardous waste system opt ions considered are examples of a large 

number o f  equipment sizes and treatment process combinations that could be 

selected for  the hazardous wastes assumed for  thermal treatment a t  the DADS 
s i t e .  The  two opt ions  differ  o n l y  i n  the treatment process used f o r  
decontaminating the s o i l  fraction. 

decontaminate the s o i l ;  rotary k i l n s  have relatively h i g h  processing costs, b u t  

have a good destruction efficiency rating f o r  di f f icu l t  organic wastes such  as 

PCBs. 
s o i l  because they have relatively low processing costs but  also have a lower 
destruction efficiency rating for some chlcxonated organic wastes. 

these two options are intended t o  serve only as examples o f  integration options 

rather than "optimal" system configurations. 

The first opt ion  uses rotary k i l n s  t o  

The second opt ion uses circulating bed combustors t o  decontaminate the 

Therefore, 
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8.2.1 Conventional M S W  Incinerator  Power Plant 

The conventional MSW inc inera tor  power plant  selected for  in tegra t ion  wi th  

a hazardous waste incinerat ion fac i l i ty  is shown schematically i n  Fig. 8.1. 

Mass-burning bo i l e r s  of the traveling-grate t y p e  and each f i r i n g  333 TPO o f  

4,500 Btu/lb MSW produce 76,400 l b / h  of  steam a t  83Q°F/865 psig. 

de ta i led  system schematic is  shown i n  Fig. 4.1.) 

152,800 lb/h of steam (250,000 Btu/h) t o  an 18.2 MW rated extraction/condensing 

turbine w i t h  a ne t  generator output of 14.4 MW i n  the f u l l  condensing mode and 

2.7 MW i n  t h e  maximum ext rac t ion  mode f o r  cogenerated steam. 

and bo i l e r  data are shown i n  Table 7.2. 

( A  more 

The two bo i l e r s  feed up t o  

Additional turbine 

T h i s  MSW incinerat ion p lan t  w i t h  mass-burning, traveling-grate type bo i l e r s  

was chosen because the steam f l o w  from each bo i l e r ,  76,400 lb/h, was o f  a 

magnitude t h a t  allowed several reasonable combinations wi th  t h e  steam flows from 

t h e  hazardous waste heat recovery bo i l e r s  being considered. Also, t h e  

mass-burning type bo i l e r  predominates over the refuse-derived f u e l  type  of MSW 
bo i l e r  i n  the  300-400 TPD s ize  range used i n  t h i s  s tudy .  

From data i n  Sect. 4.2, t he  design and construction cos t  of such an MSW 
inc inera tor  power plant  is approximately $60 million 

8.2.2 Integrated Power Generation wi th  All-Rotary Kiln Hazardous 
Inc inera tor  System 

This  integrated power generation option is based on the hazardous waste 

incinerat ion option No. 1 described i n  Sect. 7.2.3 (see Table 7.1) and shown 
schematically i n  Fig. 8.2. 

k i l n  that  produces 57,500 l b / h  of turbine q u a l i t y  steam. 

processed a t  a rate o f  890 TPD i n  four  rotary k i l n s  tha t  produce 151,000 l b / h  of 

turbine qua l i ty  steam. These steam flows are combined w i t h  76,400 l b / h  of steam 

from one 333 TPO conventional MS bo i l e r ,  shown i n  Fig. 8.1, t o  produce a t o t a l  

Contaminated MSW is incinerated i n  an 86-TPD rotary 

contaminated s a i l  is  
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1-1 STEAM @ 830° F, 885 PSlG 

BOILER 

153,000 l b h  (MAX) 

14.4 MW (NET) 

Fig.  8.1. Conventional municipal so l id  waste power generation system. 
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14.4 MW (NET) 

CONVENTIONAL WASTES 
HAZARDOUS WASTES 

-_.----- 

14 4 MW (NET) 

Fig. 8.2. Combined conventional and hazardous 
power generation system - option 1. waste 

ORNL.DWG 87 15175 

153,000 Ib/h (MAX) 

14.4 M W  ( N E V I  

CONVENTlONAL WASTES 

HAZARDOUS WASTES 
-------_. 

57.500 IbIR 

Figl 8.3. Combined conventianal and hazardous waste 
power generation system - opt ion 2. 
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steam flow capacity of 284,900 l b / h  from tl-e conventional and hazardous waste 

incinerators .  

shown s ince  heat recovery from t h i s  small u n i t  is not included.) 

( A  s ing le  rotary k i l n  t r ea t ing  11.9 TPD of durable waste is not 

I n  order t o  u t i l i z e  t h e  combined stear flow of 284,900 l b / h ,  a second 

turbine/generator o f  t h e  same size as  used i n  t h e  conventional inc inera tor  power 

p lan t  is added t o  give t h i s  conceptualized power generation system a maximum 

turbine throt t le  steam flow of 306,000 lb/td. 

t h e  two turbine/generators would be 26.8 W with equal steam f lows o f  
142,450 l b / h  t o  each turbine.  

The maximum exportable power from 

Adding a second turbine cont r ibu tes  operating f l e x i b i l i t y  and ef f ic iency  t o  

the power generation system by allowing each turbine t o  be operated a t  a grea te r  

f rac t ion  of its rated capacity. 

capacity o f  306,000 l b / h  would have a lower capital cos t  than t h e  two 
153,000 l b / h  turbines ,  so a design study far such a system might select a 

s ing le ,  larger turb ine  as the  most economical choice. For t h i s  conceptual 

study, i t  was desirable t o  u t i l i z e  t h e  same equipment sizes as used i n  t h e  

conventional F t s W  inc inera tor  p lan t  f o r  comparison purposes. 

A s ing le  turbine w i t h  a th ro t t le  steam flow 

I n  summary, t h i s  option f o r  an in tegra ted  conventional and hazardous waste 
power generation system modifies the  conventional MSW system described i n  

Sect. 8.2.1 i n  t h e  following ways: (1) adds f ive  hazardous waste rotary k i l n s  as 

turbine-quality steam sources and deletes me of two conventional MSW bo i l e r s ,  

and (2) adds a second turbine/generator un i t  t o  accept t h e  increased 

steam-generating capaci ty ,  primarily o f  t h e  s o i l  ro ta ry  k i lns .  

8.2.3 Integrated Power Generation with an Hsw Rotary Kiln and 
Soil Circulating Beds Hazardous Waste Incinerators 

Another option f o r  power generation f rom inc inera t ion  o f  conventional and 

hazardous wastes is based on the  hazardous waste option No. 2 described i n  

Sect. 7.2.3 (see Table 7.1) and shown schematically i n  Fig. 8.3. I n  t h i s  
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system, contaminated s o i l  is  t rea ted  .in two c i rcu la t ing  bed combclstoss [CBCs) 
capable o f  producing 21,200 lb/h of turbine qual i ty  steam w i t h  heat recovery 

ba i l e r s .  

praducing 57,500 l b , h  uf  turb ine qual i ty  steam, ident ical  t o  the system i n  

option No. 1 described above. 

Contaminated MSkJ is t rea ted  i n  a s ing le  rotary k i l n  w i t h  heat recovery 

The steam flows from the hazarl'fous waste heat recovery boilers are  combined 

w i t h  steam produced by one conventional MSW boil-er Lo feed up t o  155,100 l b , h  of 
830'F/835 ps ig  steam ~ C J  a s ingle  turbine/generator, assumed t o  be the same s i z e  

as i n  the conventional MSW incinerator  power plant i n  Fig. 8.1. 

t o t a l  steam f low fram "Le combined steam generators is s l i g h t l y  higher than the 

153,000 Ih/h rnaximurn capacity o f  t h e  turbine/generator, it is  considered to  be a 

reasonable match f o r  this preliminary conceptual evaluation.) 

powsr generation system option therePore consis ts  o f  a replacement o f  one 

conventional MS bo i l e r  w i t h  "Le combined heat recovery boi le rs  o f  the hazardous 

waste treatment system. 

(Although the 

This integrated 

Colocating a conventional MSW incinerator  f a c i l i t y  w i t h  a hazardous waste 
incineration f a c i l i t y  a t  a ccsrnmcm s i t e  c rea tes  the poss ib i l i ty  o f  integrat ing 

cer ta in  operational features and a l s o  shar ing support services  between the two 

f a c i l i t i e s .  

8.3.1 Integrate 

The conceptual integrated power generation systems described i n  Sect. 8.2 

indicated the des i r ab i l i t y  o f  a cornman feedwater/deaerator system and steam 

system t o  c i r cu la t e  feedwater t o  the ba i l e r s  and t h e n  transport  steam t o  the 

turbine(s) .  

the need f o r  separate feedwater/deaerator systems for  the conventional and 

hazardous waste treatment systems. 

carnrnon feedwater/deaerator system would reduce maintenance personnel 

requirements and costs .  

Thus, calacating the two waste incinerator  systems could eliminate 

I n  addition t o  reducing cap i t a l  costs, a 
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Wastewater treatment may be a common requirement o f  both inc inerator  
systems. The po ten t i a l  f o r  combining wastewater treatment i n  one system would 
p r imar i l y  depend on the charac ter is t i cs  o f  wastewater from the MSW inc inerator  
f a c i l i t y .  I f  treatment were required f o r  the MSW wastewater, then a combined 
treatment system would be possible. 
resu l t  from combined wastewater treatment fo r  both waste inc inera t ion  f a c i l i -  
t ies .  1 

Savings o f  one operating s t a f f  person could 

Handling and codisposal o f  s o l i d  residuals such as f l y  ash, bottom ash, and 
scrubber sludge from both types o f  waste treatment systems were evaluated by 
SAIC. F ly  ash i s  cur ren t ly  defined as non-hazardous by the P A .  However, i t  
was considered t o  be the res idual  most l i k e l y  t o  be l i s t e d  as hazardous because 
o f  heavy metals content. This waste stream could therefore be considered f o r  a 
s ing le codisposal operation. Bottom ash, inc lud ing incinerated s o i l  and 
scrubber sludge, should be de l i s ted  as non9azardous unless heavy metals content 
i s  unacceptably high. Therefore, these waste streams could also be combined i n  
a codisposal operation. 

The po ten t i a l  f o r  s i g n i f i c a n t  savings on equipment costs f o r  handling o f  
s o l i d  residuals may be minimal because add i t iona l  waste handling equipment may 
be required t o  combine the waste streams from the two treatment systems.1 
However, there are po ten t i a l  operating cost savings from colocat ing the two 
waste treatment f a c i l i t i e s  if a s ing le  operating organizations were performing 
s o l i d  res idual  disposal. Operating costs would be reduced from having a s ing le 
management s t ructure and by making more e f f i c i e n t  use o f  operating personnel i n  
performing s im i la r  operations. 

A f i n a l  system considered for i n tegra t ion  was the a i r  emission contro ls  f o r  
However, i t  the stack handling f l u e  gases from the two inc inera t ion  f a c i l i t i e s .  

was concluded tha t  f lue gases from the two inc inera t ion  f a c i l i t i e s  should be 
released separately because RCRA regulat ions of emissions from hazardous waste 
inc inerators  require automatic feed cutoff from stack emission monitors.1 
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8.3.2 c m o n  Support Services 

A single  s i te  with both conventional and hazardous waste incineration 

treatwilt  could conceivably share many coinmun support services required by both 

types nP f a c i l i t i e s .  

sharing of support services  is the type of operational administration selected 

for the colocated waste treatment f a c i l i t i e s .  T h i s  aspect is discussed i n  the 
following sect ion e 

The most important condition affect ing the possible 

Assuming tha t  a stiitable administrative s i tua t ion  existed 

common s u p p o r t  services  could be shared by both types o f  f a c i l i t i e s :  

the foll.owing 

1. Administration building services  - o f f i ces ,  conference rooms, food ser- 

2. S i te  maintenance - lawn, mad ,  and h u i l d i n g  maintenance, snow removal; and 

3 .  Faci l i ty  maintenance - sk i l l ed  craftsmen such as pipef i . t ters ,  mechanics, 

vices ,  personnel services  (locker rooms, etc.) ; 

and e l ec t r i c i ans .  

The number o f  support personnel saved through a common f a c i l i t y  has n o t  been 

quantified,  

s ign i f icant  operating cost  savings could be realized through a sharing o f  these 

services.  

From the several  types of support services l i s t e d  above, however, 

A n  addi t ional  suppor t  service tha t  is unique t o  Naste incinerat ion f a c i l i -  

t i e s  i s  laboratory analysis  o f  the various e f f luent  streams t o  s a t i s f y  EPA and 

s t a t e  environmental control requirements. 

o f  samples required from each f a c i l i t y  and the poss ib i l i ty  f u r  sharing analyt i -  

c a l  laboratory services.1 

conventional MSW iricinerator would not j u s t i f y  operation of an on-site labora- 

tory,  but would be analyzed by a contract  laboratory. 
of the hazardous waste incinerat ion system could j u s t i f y  the operation of a 

SAIC analyzed t h e  types and frequency 

SAIC concluded tha t  t he  volume o f  samples from the 

The sampling requirements 
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small, on-site laboratory staffed by two technicians.  

incinerat ion faci l i t ies ,  t h e  hazardous waste laboratory could analyze t h e  con- 

ventional MSW samples either on a cont rac t  basis or as a combined management 

service arrangement. 

With colocated waste 

E i t h e r  s i t u a t i o n  could reduce sampling technician time by only one day per 

week. Therefore, t h e  primary economic gain with regard t o  laboratory serv ices  

for  colocated faci l i t ies  appears t o  be from a higher u t i l i z a t i o n  o f  t h e  hazar- 

dous waste laboratory equipment and personnel and t h e  consequent cos t  reduction 

that  could be realized. Such savings could be most e a s i l y  realized w i t h  j o i n t  

administration o f  t h e  colocated waste treatment facil i t ies.  

8.4 INTEGRATION ISSUES 

With t h e  descr ip t ions  of po ten t ia l ly  v iab le  scenarios  o f  power generation 

wi th  integrated conventional and hazardous waste systems as a basis, several  

issues are discussed below tha t  s t rongly ir;fluence the  economic v i a b i l i t y  o f  
such an integrated waste treatment/power generation system. 

8.4.1 Operating organization 

Large quan t i t i e s  o f  tu rb ine  qua l i ty  steam can be producad from t h e  hazar- 

dous waste heat recovery options described i n  t h i s  sect ion.  Steam used t o  dr ive 

power generating turbines  i n  an in tegra ted  system would be produced i n  both con- 

ventional waste b o i l e r s  and hazardous waste heat recovery boi le rs .  

I t  would be very des i rab le  for  a l l  of t h e  steam/feedwater and power genera- 

t i on  equipment t o  have the  same operating organization t o  coordinate operation 

of t h i s  cri t ical  equipment. Such combined operation would faci l i ta te  planning 

and scheduling of planned equipment maintenance outages and a l s o  would allow the 

most e f f i c i e n t  response t o  unscheduled equipment outages. 



Although not as  important as  for  the steam and power generation equipment, 

the same concept of a s ingle  operating organization could a l so  be desirable for  

the operation of the MSW and hazardous waste incinerators .  The s ingle  operating 

organization could be a pr ivate  company tha t  spec ia l izes  i n  waste management and 

disposal under contract  t o  operate the waste treatment f a c i l i t y .  

are several  such companies i n  the U.S., t h i s  operational approach would appear 

t o  have val id i ty  for  an integrated waste treatment f ac i l i t y .*  

Since there 

Another type of operating organization could be a public, not-for-profit  

corporation formed as  a contract  operator of the e n t i r e  f a c i l i t y .  

poration could a l so  par t ic ipa te  as  an owner o f  the f a c i l i t y .  

(1) the Nashville Thermal Corporation tha t  owns and operates t h e  MSW incinera- 

t o r s  and d i s t r i c t  heating and cooling system serving Nashville, TN, and 

(2)  D i s t r i c t  Energy St.  Paul, Inc. tha t  awns and operates the d i s t r i c t  heating 

system serving St .  Paul, MIN. 

Such a cor- 

Examples are  

These examples of operating organizations a re  given t o  indicate  a few o f  
t h e  many types of options tha t  e x i s t  for s t ructur ing the combined operation of 

an integrated waste treatment f a c i l i t y  tha t  would increase operating eff ic iency 

and reduce opesating costs e 

8.4.2 Coordination 

Colocating two waste treatment systems thak both produce turbine qual i ty  

steam f o r  shared power generating equipment adds cer ta in  coordination require- 

ments tha t  would not exist w i t h  separately s i t e d  systems. 

requirements are for  an integrated design and construction p lan  and for a COOS- 

dinated operating period. 

The most obvious 

Both integrated power generation options described i n  t h i s  section have one 

l e s s  conventional MSW boi le r  than would be provided w i t h  a separate conventional 

MSW f a c i l i t y .  The turbine/generator woerld be sized for  a much higher steam flow 
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f rom the combined waste boi lers .  
t i o n  plan i s  required because the two waste treatment systems should become 
operational a t  a s im i la r  time per iod t o  make maximum use o f  the investment i n  
the power generation equipment. 

Therefore, an integrated design and construc- 

An example o f  t h i s  s i t ua t i on  i s  i f  the conventional MSW b o i l e r  and a tu r -  
bine were constructed and operated for a per iod o f  t ime before the hazardous 
waste treatment system were constructed. The f u l l  power generation capacity o f  
the turbine/generator would not be used u n t i l  a hazardous waste inc inerator  wi th 
heat recovery were constructed, and revenux t o  the pro ject  would be reduced i n  
the i n te r im  period. 

par t ,  i f  not a l l ,  o f  the hazardous waste inc inerators  and heat recovery bo i l e rs  
i n  concert with the conventional MSW bo i le r .  (It should be noted, however, tha t  
the construction phasing o f  hazardous waste incinerators,  i f  chosen f o r  s i t e  
decontamination, would be d ic ta ted by many s i te -spec i f i c  condit ions tha t  may not 
allow the optimum power generation construction schedule t o  be followed.) 

It would therefore be advantageous t o  construct a t  leas t  

The "coordinated operating period" i s  the ove ra l l  t i m e  per iod between i n i -  
t i a l  s tar tup and f i n a l  shutdown tha t  the waste treatment systems produce steam 
for  a shared power generator. This issue is ra ised r e l a t i v e  t o  the integrated 
waste treatment concept invest igated i n  t h i s  study because the two waste t rea t -  
ment systems would normally have d i f f e r e n t  operating periods. The conventional 
waste treatment system would be expected t o  have an operating per iod o f  approxi- 
mately 30 years, whereas the hazardous waste treatment system would have a 
shorter operating period, such as the 12 yzars assumed i n  t h i s  study. For 

smaller quant i t ies  o f  contaminated MSW and s o i l  than are assumed i n  t h i s  study, 
the d ispar i ty  i n  operating periods would be even greater. 
waste treatment system were t o  stop operating whi le the conventional MSW t rea t -  
ment system continued, power production would be reduced by more than one-half 
i n  the system options presented i n  t h i s  section, and pro jec t  revenues would be 
reduced proport ional ly.  

I f  the hazardous 
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I n  order t o  improve u t i l i z a t i o n  o f  the c a p i t a l  invested i n  the power 
generation equipment and hazardous waste treatment system, t h i s  system could 
continue t o  operate on other sources o f  waste from the area a f t e r  the con- 
taminated MSW and s a i l  from the DADS s i t e  has been processed. 
t i r e s ,  and even hazardous organic l i q u i d  wastes could be incinerated with heat 
recovery i n  the ro ta ry  k i lns and c i r cu la t i ng  bed combustor un i t s  o f  the hamar- 
dous waste treatment system. 
ment system a t  the in tegrated waste treatment f a c i l i t y  could continue t o  
generate revenues from disposal fees and pawer sales. 
therefore reduce the need f o r  constructing waste inc inerators  a t  other s i t e s  and 
also u t i l i z e  the special  features avai lab le for  decontaminating ce r ta in  hazar- 
dous wastes. 

Fresh MSW, waste 

Thus, continued use o f  the hazardous waste t rea t -  

Such a strategy would 

Another strategy tha t  could a l l e v i a t e  the miss-match i n  operating periods 
between the conventional and hazardous waste treatment systems would be t o  
extend the decontamination o f  hazardous wastes a t  the DADS s i t e  over the 30-year 
operating per iod o f  the conventional MSW inc inerator  plant. This approach could 
reduce the s ize o f  the hazardous waste inc inerators  and annual costs by up t o  
50%. 
evaluated f o r  the in tegrated power p lant  since steam flows from the hazardous 
waste inc inerators  would be reduced r e l a t i v e  t o  the conventional MSW incinera- 
to r .  

However, the s ize o f  turbine/generator equipment would have t o  be re- 

nesship Implications 

The b r i e f  discussion presented here i s  intended only t o  ind icate the need 
for  more extensive planning t o  implement an in tegrated waste management 
approach. 
cons t ruc t ion  plan discussed above would add complexity t o  the planning, 
f inancing, and possibly pub l i c  support for  an integrated waste treatment fac i -  
l i t y .  

The coordinated operating per iod and the integrated design arid 
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These pro jec t  management i s sues  could be most readily addressed by a s ing le  

owner and/or operator type of management s t ruc ture .  

waste treatment system may represent  a consortium of public and pr iva te  

i n t e r e s t s  as required f o r  funding the decontamination o f  the DADS si te  under 

RCRA regulations.  The conventional MSW inc inera tor  system would normally be 

owned by a public agency, representing l o c a l  governments and possibly private 

par tners  such as a privately-owned operating contractor .  

owner partnership t o  represent a l l  equi ty  i n t e r e s t s  i n  t h e  conventional and 

hazardous waste treatment systems would appear t o  be a formidable task.  

Therefore, t h e  s t ruc tu re  of owner par tnership(s)  t o  represent  a l l  i n t e r e s t s  w i l l  

require  addi t ional  ana lys i s  t o  ind ica t e  feasible approaches tha t  could be con- 

sidered. 

The owner of the  hazardous 

Thus, forming a s ing le  

8.4.4 Power Plant Availability 

An important assumption i n  estimating annual revenues from t h e  sale of 

electricity from a power p lan t  is the  plant  a v a i l a b i l i t y ,  which is t h e  f rac t ion  

of time t h e  p lan t  is producing its ra ted  output. The a v a i l a b i l i t y  f rac t ion  

therefore  excludes t h e  time any o f  the e n t i r e  chain of equipment, from incinera- 

t o r  through turbine/generator is  unavailable t o  perforin a t  ra ted  capacity 

because of planned or unplanned reasons. 

For a conventional MSW inc inera tor  power p lan t ,  including t h e  

turbine/generator un i t ,  a v a i l a b i l i t y  was assumed t o  be 0.80. 

based on a v a i l a b i l i t y  values f o r  mass-burning inc inera tor  power p lan ts  of t h e  

same type as assumed i n  t h i s  study. 

T h i s  value is 

For hazardous waste inc inera tors ,  there i s  l i t t l e  experience t o  base an 

estimation of a v a i l a b i l i t y  over a long periad of time such as t h e  12-year 

operating period assumed i n  t h i s  study. 

be greater for hazardous waste inc inera tors  than for  conventional MSW incinera- 

t o r s  because the  higher temperatures employed increases  degradation of equipment 

Maintenance requirements are known t o  
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s e a l s  and refractory l i n e r s .  An a v a i l a b i l i t y  o f  0.60 was selected for  a l l  the 

hazardous waste u n i t s  included i n  t h i s  s t u d y  - i . e . ,  rotary k i l n s ,  c i r cu la t ing  

bed combustors, and fixed hearth incinerators. 'This lower ava i l ab i l i t y  value 

r e f l e c t s  the generally lower value o f  hazardous waste inc inera tors  as sources o f  
thermal. energy f o r  e l e c t r i c i t y  praduction. 

mount o f  hazardous waste a t  the DADS s i te  W C I L J ~ ~  require 20 years for  decon- 

tamination w i t h  the eyii.ipment sizes described i n  Sect. 7 unless more u n i t s  were 
added for  redundancy. 

A t  a 0.60 a v a i l a b i l i t y  factor, t h e  
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9. ECONOMIC OflVUATION 

9.1 INTRODUCTION 

The overa l l  goal of t h i s  study is t o  explore possible  scenarios  for  

reducing waste treatment cos t s  by in tegra t ing  hazardous waste incinerat ion w i t h  

heat recovery w i t h  a conventional MSW inc inera t ion  power plant .  To tha t  end, 

economic data are presented i n  t h i s  sec t ion  on construction cos ts ,  annual opera- 

t i on  and maintenance ( O h ]  cos t s ,  and revenues from energy sales f o r  separate  

waste treatment facil i t ies and t h e  two opt.ions f o r  in tegra ted  power generation 

systems developed i n  Sect. 8. A l l  cos t s  are presented i n  1987 dol la rs .  

9.2 CONSRUCTION COST ESTIMATES 

Construction cos t  estimates have been estimated for the  conventional and 

hazardous waste inc inera t ion  systems developed i n  t h i s  study. 

construction cos t  is defined t o  be t h e  bid p r i ce  of a contractor  firm far  design 

and construction of the system or f ac i l i t y .  Costs not  included are direct cos t s  

for  s i t e  acquis i t ion  and development - roads, u t i l i t i e s ,  etc. - and ind i r ec t  

costs for construction insurance, eontingelicies, administration, and financing 

cos t s  f o r  debt service, i n t e r e s t  during construction, and bond underwriting. 

Ind i rec t  cos t s  can be very s i te  spec i f i c ,  and financing cos t s  are very unpredic- 

tab le  for  hazardous waste treatment f a c i l i t i e s  because very few fac i l i t i es  of 

t he  size and complexity as envisioned i n  t h i s  study have been financed from 

c a p i t a l  markets. 

c a p i t a l  cos t s  for  t he  comparison purposes o f  t h i s  study. 

The term 

Therefore, construction cos ts  are a more reliable ind ica tor  of 

The construction cos t  estimates i n  t h i s  sec t ion  were developed from 

published data and general  cos t  estimating information rather than detailed cos t  

estimates. Therefore, t he  construct ion cos t  data presented i n  t h i s  sec t ion  are 

very preliminary i n  nature  and are intended only t o  ind ica te  the  general  l e v e l  

o f  construction costs .  
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9.2.1 Conventional MS Incinerator Plant 

The construction cost  of the 666 TPD capacity conventional MSW incinerator 

plant was assumed to  be $60.0 million from data i n  Sect. 4. T h i s  plant includes 

an 18.8 MW capacity turbine-generator and two 333 TPD mass-burning 

inc inera tor /boi le rs ,  each w i t h  associated feed equipment, a i r  emission cont ro ls ,  

arid ash handling equipment. 

options a re  based on var ia t ions of the conventional MSW incineration plant w i t h  

one incinerator /boi ler  , t h e  cos t  o f  an incinerator /boi ler  p l u s  associated feed 

and e f f luen t  handling equipment was estimated i n  the following manner. 

Since the integrated waste treatment f a c i l i t y  

First, t h e  i n s t a l l ed  cost  of an 18.8 M\d turbine/generator was based on a 
u n i t  cost o f  $19O/ltW.1 

estimated to  be $28.0 mill ion,* and the cost  o f  each a i r  emission control system 

t o  be $5.0 million.3 

construction cost  is  shown i n  Table 8 , l .  

The construction cost a f  two inc inera tor /boi le rs  was 

The resu l t ing  cost  breakdown of the $60.0 million t o t a l  

9.2.2 Hazardous 

Construction costs  were estimated by SAIC4 for  the two hazardous waste 

incinerator  plant options described i n  Sect. 7.2. The *abase case" cost shown i n  
Table 9.1 does not include the cost  of a water treatment and deaerator system or 

heat recovery equipment. The cost of water treatment and deaerator system, from 

Ref. 9.3,  was added i n  Table 9.2 t o  give the t o t a l  construction cos ts  without 

heat recovery. 

9.2"3 Integrated s te  Incinerator Plant 

Construction casts for  the conventional incinerator  portion of the 

integrated incinerat ion f a c i l i t y  were based on modifying the 
elements shawn i n  Table 9.1. The number of conventional bo i le rs  was reduced 

from two t o  one, and the number of turbine/generators increased t a  two i n  

88 base case" cost  



97 

Table 9.1. Summary of  construction cost estimates.l 

Eloilers + Emission Controls (No.) 38.0 (2) 19.0 (1) 19.0 (1) 
, Turbine/Generator (No. ) 3.6 (1) 7.2 (2 )  3.6 (1) 

Balance o f  Plant  18.4 18.4 18.4 
Total Canstruction Cost 60.0 44.6 41 .O 

Hazardous Waste Svstem. Ootion 1 

Waste Treatment System 
Water Treat men t/beaera tor  
Heat Recovery Equipment 
Total Construction Cost 

Hazardous Waste System, Option 2 

Waste Treatment System 
Water Treatment/beaerator 
Heat Recovery Equipment 
Total Construct ion Cost 

21.3 
3.0 

24.3 

17.7 
3.0 

20.7 
- 

21.3 

2.6 
23.9 

17.7 

1.1 
18.8 

- 

1Note: Option 1 uses rotary k i l n s  t o  decontaminate soils; opt ion 2 uses 
circulat ing beds. 
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Table 9.2. Annual operating costs (in 188 
hazardous Waste System QptioRS. 

Option 1 
Feed Stream 

MSW S o i l  Durable  G Z  

Labor 
Water 
Ash d i s p o s a l  
Fuel  
Maintenance 

TOTAL 

1.71 6. a4 0.31 
0.03 0.03 - 
0.18 14.04 0.18 
2.11 10.5 0.14 

0.05 __. 0.29 0.94 

4.32 32.4 0.63 

- 

Option 2 
Feed Stream 

Durable  -- Goods MSW -. S o i l  

Labor 
Water 
Ash d i s p o s a l  
Fue l  
Maintenance 

1.71 3.42 0.31 
0.03 0.01 - 
0.  18 14.04 0.18 
2.11 1.37 0.14 

0.05 - 0.29 0.72 - 
TQTAL 4.32 19.56 0.68 

-I - 

hate: Option 1 uses r o t a r y  k i l n s  f o r  decon tamina t ing  soils; opt ion  2 u s e s  
c i r c u l a t i n g  beds.  
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Option 1 with appropriate cost adjustments. 
was assumed t o  be the same f o r  the integrated options as f o r  the base case. 
t o t a l  construction cost f o r  the conventional inc inerator  por t ion decreases for 

the integrated options because one less b o i l e r  u n i t  i s  included. 

The cost o f  the "balance o f  plant" 
The 

Construction costs fo r  the hazardous waste systems, shown i n  Table 9.1, 

include the cost o f  heat recovery equipment estimated by SAIC.5 For both 
options o f  integrated f a c i l i t i e s ,  the cost o f  a water treatment system and 
deaerator, estimated a t  approximately $3.0 m i l l i o n ,  i s  not included as t h i s  
service i s  assumed t o  be provided by a comparable system i n  the conventional 
inc inerator  por t ion o f  the plant.  Thus, the construction cost for  the hazardous 
waste por t ion o f  an integrated f a c i l i t y  is s l i g h t l y  lower than f o r  the "base 
case" costs. 

9.3 OPERATING AND MAINTENANCE COSTS 

Operating and maintenance ( O h )  costs are a s ign i f i can t  por t ion  o f  the 
t o t a l  costs for  waste treatment systems because o f  the large volumes o f  
mater ia ls handled and the several operations included i n  the ove ra l l  system. 
O b  costs include labor, fue l ,  u t i l i t i e s  - e l e c t r i c i t y ,  water - ash disposal, 
administrat ion, maintenance, miscellaneous services, such as laboratory 
analyses. 

9.3.1 Conventional M S W  Plant 

Total  O h  costs were estimated from information i n  a f i nanc ia l  f e a s i b i l i t y  
analysis o f  the same type o f  mass-burning inc inerator  power p lant  used fo r  e s t i -  
mating construction costs.6 
m i l l i o n  i n  1987 dol lars .  

The annual O h  costs are estimated t o  be $4.8 
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kdoias Waste Incinesatas P l a n t  

O h 4  costs fur  the two hazardous waste system options were estimated by 

SAIC.5 SAIC's c a s k  fo r  water, ash disposal,  and f u e l  were reduced by 40% t o  

account for an assumed 60% operating factor .  

presented for  each feed stream i n  Table 9.2. 

o i l  cost o f  $P/gal. 

$37.4 million and $24.55 million f o r  optians 1 and 2,  respectively,  o f  which 

$14.04 million i s  for ash disposal fu r  the s o i l  rotary k i l n .  

The adjusted O/M costs are 

Fuel cos ts  are based on a No. 2 

The t o t a l  O h  annual cost.x, shown i n  Table 9 . 3 ,  are  

9.3.3 Integrated 

Oh costs f o r  the conventional incinerator  po r t ion  of the integrated plant 

base case') since the number o f  
Since these O/bl cos ts  include 

88 were assumed t o  be one-half of the cos ts  for  the 

i n c i n e r a t o r b o i l e r s  was reduced from two t o  one. 

operation of the turbine/generators, t h i s  reduction i s  samewhat generous a 

However, there would be compensating operating cost reductions for  

administration, labor ,  and laboratory services  - as discussed i n  Sect, 8 - from 

combined operatians of the conventional and hazardous waste treatment systems. 

For t h e  Option 1 hazardous waste system, annual O h  cos ts  were reduced by 

a s t e  t i r e s  could 

$2.0 million t o  reFLect t h e  potent ia l  savings i n  fuel  a i l  cost by u s i n g  37.5 TPD 

o f  waste tires as auxil.iary fue l  for  the s o i l  rotary k i l n s .  

a l so  be used as auxi l iary fuel  f e r  the MSW rotary k i l n ;  however, any appreciable 

use would s igni f icant ly  reduce t h e  capacity t o  process hazardous MSW. 
Option 2 O f i  cos ts  were assumed to  be the same as for  the base case6* since 

waste t i r e s  a re  not appropriate as  auxi l iary fuel  for  c i rcu la t ing  bed combustors 

unless i n  shredded form. 
estimated i n  t h i s  study. 

The 
88 

Table 9 . 3  summarizes t h e  t o t a l  annual Oh costs 
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Table 9.3. Summary data on in tegra ted  HSW and hazardous waste incinerat ion.1 

Conventional MSW Plant 
Hazardous Waste System 

Conventional MSW Plant 
Hazardous Waste System, 

Option 1 
Option 2 

Conventional MSW Plant 
Hazardous Waste System, 

Option 1 
Option 2 

Annual Waste Processed (103 tons) 
Integrated F a c i l i t y  

Base Case ODtion 1 ODtion 2 

145.9 72.9 72.9 
216.6 216.6 216.6 

- Construction Cost (106 $1 

60.0 44.6 41 .O 

24.3 23.9 
20.7 18.8 

Annual O h  Costs (106 $) 

4.8 2.4 2.4 

37.4 35.4 
24.56 24.56 

E l e c t r i c i t y  Production 

Annual Sales (106 kWh) 100.9 151.4 86.2 
Annual Revenue (106 $) 4.54 6.90 3.97 
% o f  Power From Hazardous Waste 0 67.2 43.6 

lNote: Option 1 uses rotary  k i l n s  t o  decontaminate so i ls ;  opt ion 2 uses 
c i r c u l a t i n g  beds. 
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Revenues have been estimated for e l e c t r i c i t y  s o l d  from a conventional MSI  
incinerator  power plant as a base case and from an integrated MSW and hazardous 

waste power plant .  

output w i t h  no cogenerated steam extracted since t h e  market for thermal ersergy 

was assi.lmed t o  be ins igni f icant  i n  the area around the DADS s i t e .  The r e s u l t s  

of the annual e l e c t r i c i t y  production and revenues are  presented i n  ‘Table 9.3 

w i t h  t h e  percentage of power generated from hazardous waste. 

Elec t r i c i ty  production was estimated for. maximum electr ic :  

9.4.1 Electricity Values 

Elec t r i c i ty  values were assumed for  two power markets: (1) the local  u t i -  
l i t y  under PURPA regulations,  and (2) sale  t o  the Buckley Air National Guard 

base a t  peak r a t e s  d u r i n g  the day. 

the current PURPA e l e c t r i c i t y  r a t e  was estimated t o  be 0.045 $/lr<Wh. The peak 

r a t e  d u r i n g  the 8 : O O  a.m. t o  6 : O O  p.m. period was assumed t o  be 0.06 $/kWh. 

This  value was arrived a t  considering tha t  i t  s h o u l d  be cornparable t o  cost  of 

peak daytime power from the local u t i l i t y ,  0.051 $hWh i n  1984. 

u s i n g  the u t i l i t y  peak r a t e  ra ther  than the cost of Buckley’s on-site power was 
tha t  Buckley requires the 4 block o f  power t o  be generated on-site for  about 

one-half of the year f o r  r e l i a b i l i t y  reasons. The 0.06 $/kWh is therefore con- 

sidered t o  be a generous estimate of a r a t e  t ha t  might be negotiated btdxeen the 

power plant awners and Buckley Air National Guard base. 

From information obtained d u r i n g  t h i s  s t u d y ,  

The basis for 

Incinerator Plant 6m 9.4.2 Revenues fr  a Base casew Conventional 

As a bas is  f o r  comparison, revenues from e l e c t r i c i t y  sa l e s  were estimated 

for  the conventional MSW incinerator  plant described i n  Sect. 8.2. 

of power for  s a l e  would produce annually 100.9 million kWh a t  an 0.80 ava i l -  

a b i l i t y  fac tor ,  and annual revenues would be $4,54 million a t  a r a t e  of 

0-045 $/kWh. 

The 14.4 MW 
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9.4.3 Revenwes from Option 1 o f  an Integrated Incinerator Plant 

Annual power production for t h i s  integrated power plant,  described i n  
Sect. 8.2, was based on two turbines, each producing a net 13.4 MW 60% o f  the 
time when the conventional MSW and hazardas waste inc inera tors  are operating, 
and one turbine producing a net o f  6.0 MW 20% o f  the t ime from the conventional 
MSW inc inerator .  The two-turbine operatio? would produce 140.9 m i l l i o n  kWh and 
the one-turbine operation, 10.5 m i l l i o n  kWR f o r  a t o t a l  o f  151.4 m i l l i o n  kWh 
annually. 

E l e c t r i c i t y  revenues for t h i s  option were based on the sale o f  4.0 MW for  

eight  hours per day for  182 days, or one-half of the year, t o  the Buckley A i r  
Nat ional  Guard base a t  0.06 $/kWh. 
revenue o f  $349,200. 

l o c a l  e l e c t r i c  u t i l i t y  a t  0.045 $/kWh for an annual revenue o f  $6,551,080. 
t o t a l  annual revenue would therefore be $6.9 m i l l i o n  fo r  t h i s  option o f  an 
integrated i nc ine ra t i on  plant. 
Buckley A i r  National Guard base increases the revenue by $87,300, only 1.3% o f  
the t o t a l  revenue. 

Thus, 5.82 m i l l i o n  kWh would generate a 
The remaining 145.58 m i l l i o n  kWh would be so ld t o  the 

The 

A t  a d i f f e r e n t i a l  of 0.015 $/kWh, the sale t o  

9.4.4 Revenues from Option 2 o f  an Integrated Incineration Plant 

Annual power production for t h i s  option was based on 14.4 MW o f  net power 
generation 60% o f  the time when a l l  inc inera tor  u n i t s  are assumed avai lable, 
producing 75.5 m i l l i o n  kWh, and 6.0 MW produced 20% o f  the  time from the conven- 
t i o n a l  inc inerator ,  adding 10.5 m i l l i o n  kklh. The t o t a l  annual production o f  
e l e c t r i c i t y  would be 86.2 m i l l i o n  kWh f o r  t h i s  i n teg ra t i on  option. 

Revenues f o r  t h i s  option would be $349,200 from the sale t o  Buckley Air 
National Guard base - same as for Option 1 - and $3,617,000 from the sale of 

80.38 m i l l i o n  kWh t o  the local  e l e c t r i c  u t i l i t y  a t  0.045 $,%Why y ie ld ing  a t o t a l  
annual revenue of $3 , 966 , 000. 
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9.5 UNIT PWOGESSING COST FOR C 

A simple calculat ion of processing cost  i n  $/ton of waste proces.,e d was 

performed as  a way o f  evaluating any cost  benefit  of integrated conventional and 

hazardous waste incinerat ion v s  separate waste treatment. 

was calculated us ing  t h e  equation 

The processing cost  

Cost ($/tori) = [(financing r a t e )  x (construction cost)  + (annual 

o/M cos t )  - (annual e l e c t r i c i t y  revenue) - (annual 

conventional MSW processing credi.t)l /(annual waste 

processed, tons).  

T h i s  processing cost includes the financing cos t ,  assuming a 10%/yr i n t e r e s t  

r a t e ,  for only the construction cost portion af the t o t a l  cap i t a l  cost of the 

plant ,  Also, the cost of exhuming the buried MSW and contaminated s o i l  and 

hauling t o  the treatment f a c i l i t y  i s  not included i n  t h i s  cost  calculat ion.  

The processing cost  is i n  current (1987) do l l a r s  with no in f l a t ion  

included.  

an integrated waste treatment f a c i l i t y  and separate f a c i l i t i e s  which are 

comprised o f  the 

case'* hazardous waste systems w i t h  no heat recovery ar power generation. 

I t  is  therefore intended only t o  ir-rdicate the r e l a t ive  costs  between 

U* base case'@ conventional. MShd incinerator  power plant and "base 

(8 The revenue item, annual- conventional waste processing c red i t  ,'* is 

included t o  represent the value of disposing of conventional MSW based on the 

operating costs  of a ~ - a r  a 

0.045 $/kWh e l e c t r i c i t y  value, the "base case'* conventional MSW plant has a 

$43/tOn processing cost  or disposal cost for  the 145,900 tons o f  MSW processed 

annually. 

options is therefore ($43/ ton)  x 72,900 tons OF $3,134,000. 

8s base case" conventional MSW incinerator  plant.  

The ""annual conventional waste processing credi tsE for  the integrated 
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Cost and revenue data i n  Table 9.3 were used t o  calculate t h e  processing 

costs i n  Table 9.4, assuming a 10% financing rate. 

costs of $184/ton and $123/ton for Options 1 and 2 o f  the hazardous waste 

treatment system are the costs w i t h  no rebenue from electr ic i ty  sales. 

analysis indicates that a t  a 0.045 $/kWh electr ic i ty  value, an integrated waste 

treatment fac i l i ty  could reduce costs by $24/ton - 13% - for  the higher cost, 

Option 1 and by $4/tOn - 3.3% - for the lower cost Option 2. 

The "base case" processing 

This  

To indicate the sensit ivity t o  e lec t i ic i ty  value, the same procedure was 

followed f o r  electr ic i ty  values from 0.02 t o  0.09 $/kWh with the results shown 

i n  Fig. 9.1. 

0.02 $/kWh to  $11.9/ton a t  0.09 $/kWh. Sensit ivit ies of the integrated pro- 

cessing cost t o  e lectr ic i ty  value is 4.714 $/ton and 1.36 $/ton decrease per 

0.01 $/kwh increase i n  e lectr ic i ty  value f o r  Options 1 and 2, respectively. 

The conventional MSW disposal cost ranges from $60/ton a t  

9.6 DISCUSSION OF RESlJlTS 

a* The economic data and evaluation o f  processing costs for  base case'# or  

separate waste treatment f ac i l i t i e s  and integrated waste treatment f ac i l i t i e s  

presented i n  t h i s  section lead t o  several observations on the overall feasibi- 

l i t y  of the integrated waste treatment concept. 

9.6.1 Importance o f  Future Energy Markets for Project Revenues 

The analysis o f  waste processing costs for an integrated incinerator faci- 

l i t y  and disposal cost f o r  a conventional incinerator indicate the importance of 

having as high a valued energy market as possible t o  reduce the respective pro- 

cessing and disposal costs. The energy market for t h e  DADS s i t e  appears f o r  the 

forseeable future t o  be l imi t ed  t o  the sale o f  electr ic i ty  t o  the local u t i l i t y  

a t  rates that are currently moderate - 0.045 $/kWh. Unless the value o f  non- 
u t i l i t y  generated electr ic i ty  increases significantly i n  the Denver region, a 

disposal cast  o f  about $40/ton for a conventional MSW incinerator would be 
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?atale 9.4. U n i t  processing cost ($/ton> for construction and ~ P r y l  easts.1 

Uni t  P r o c e s s i n g  Cost  ($/ton> for  C o n s t r u c t i o n  and ~ o s t s l  
I Inkegsated F a c i l . i t y  

Base Case Option 1 Option 2 

Convent iona l  MSW P l a n t  43 43 43 

Hazardous Waste System, 

Option 1 
Option 2 

184 
123 

160 
119 

hssume 10% f i n a n c i n g  sate and a 4.5g!/k~h electricity value. 

2Costs  do not i n c l u d e  cost o f  exhuming waste and t r a n s p o r t  t o  t h e  treaa' t inent 
f ac i l i t y .  



107 

ORRIL- awo 87-tS936 

170 
A 

c 
0 

\ 
c 

u 

ti 160 
0 u 
c3 

v, 
v, 
W 
0 
0 
a. 

z 

a 
I40 

k s 
E: 
2 
4 

2 

v, 
3 

Q: 

120 
a w 

0: 
(3 w 
I- z 

100 
w 

0 2  
2 4 6 a 10 8 

ELECTRICITY VALUE - c /kWh 

Fig. 9.1. U n i t  cost for processing hazardous waste and 
disposing o f  conventional MSW vs electricity value. 

28 2 
z 
c 0 



108 

r e l a t ive ly  una t t rac t ive  compared t o  the cost  o f  l and f i l l i ng  a t  about $10/ton, 

the current cost  i n  the Denver area.  

s ign i f icant ly  i n  t h e  near future  from loca l  pressures t o  r e s t r i c t  l and f i l l i ng  as 

the s a l e  method f o r  disposing of MSW. 

neration a t  t h e  DADS s i t e  appears t o  be t i e d  t o  how future  market values develop 

from t h e  present s i t ua t ion .  

However, l and f i l l i ng  cas t s  could esca la te  

Thus,  t h e  f a t e  of conventional MSW inc i -  

9.6.2 Potential  for Cost Reduction from integrated Waste Treatment 

The simplified analysis  of processing cos ts  for  integrated waste treatment 

performed i n  Sect. 9.4 ind ica tes  t h a t  the integrated approach can reduce pro- 

cessing costs for  hazardous wastes from the cost  o f  separate treatment without 

heat recovery. The magnitude o f  such cost  reductions, indicated i n  Fig.  9.1, 

a re  greater  f o r  integrat ion Option 1 than for  Option 2 because of the larger 

steam production capabi l i ty  and corresponding revenues from e l e c t r i c i t y  sa l e s  

w i t h  t ha t  option. 

processing cos ts  t ha t  a re  lower than Optirin 1 by 30-50 $/ton w i t h  e l e c t r i c i t y  

values between 0.07 and 0.02 $/kWh. 

integrated waste treatment for  the lower cost  hazardous waste treatment option 

is only $7/tOn or 5.7% a t  a 0.07 $/kWh value for  e l e c t r i c i t y .  

However, the most desirable  treatment option is Option 2 w i t h  

Therefore, the cost  reduction from 
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10. FINDINGS AND RECOMENOATIONS 

10.1 FIWINGS 

The major f indings drawn from t h i s  sttidy and the companion S A I C  study o f  
energy recovery from hazardous waste inc inerators  have been organized under the 
categories o f  technical,  economic, and i n s t i t u t i o n a l  f indings. 

10.1.1 Technical Findings 

1. Characterization o f  bur ied --- MSW and contaminated -- s o i l  can a f f e c t  -- the heat 
recovery po ten t i a l  - from inc inera t ion  - o f  hazardous wastes ---- a t  the DADS s i te .  
Addi t ional  Characterization studies 0.f the DADS hazardous wastes are 
important i n  iden t i f y i ng  two areas tha t  can inf luence the heat recovery 
potent ia l .  One area i s  the degree o f  s o i l  contamination by halogens such 
as chlor ine that  could a f f e c t  corrosion o f  heat recovery equipment. No 
serious corrosion problems have been indicated by the f i r s t  phase o f  s i t e  
characterization, but  t h i s  ten ta t i ve  conclusion should be monitored i n  

L 

successive character izat ion studies. 

A second area o f  concern is the moisture content o f  the buried MSW. I f  the 
moisture content o f  the contaminated VSW s ign i f i can t l y  exceeds the 15% by 
weight, as del ivered t o  the hazardous waste inc inerator  and as assumed by 
S A I C  i n  t h e i r  study, then less thermal energy would be produced than was 
estimated i n  t h i s  study. 
o f  steam production from recovered heat and the amount o f  heat recoverable. 

Thus, these two areas could impact the economics 

2. Contaminated -- s o i l  could represent _I_ the largest  f rac t i on  --- o f  the DADS wastes, 
bu t  the extent o f  s o i l  contamination beneath -- the waste pits --- has not been -- -- 
v e r i f i e d  experimentally. 
t h i s  study was 4,332,000 tons o f  which 3,900,000 tons was contaminated 

The t o t a l  amount o f  DADS wastes estimated f o r  
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s o i l .  

the amount of  s o i l  t o  be t rea ted  could vary s ign i f i can t ly  from t h i s  

estimate which wauld a f f e c t  the amount of energy avai lable  for use i n  an 

integrated power system. 

Since the extent o f  s o i l  contamination has not been characterized, 

3.  Rotary k i l n s ,  c i r c u l a t i n g  bed combustors, and fixed hearth combustors I__ are  

recommended - for  thermal treatment -I of - QADS hazardous wastes. A t  t h i s  time, 

no decisions or recommendations have been made w i t h  respect t o  the use o f  
thermal treatment of hazardous wastes a t  t h e  DADS s i t e .  

thermal treatment is ult imately selected i n  the remedial action plan for  

the DADS s i t e ,  three types of inc inera tors  a re  recommended fo r  
consideration as  possible methods o f  thermal treatment. 

appropriate for a l l  types of wastes - municipal so l id  wastes (MSW), s o i l s ,  

and durable goods. Circulat ing bed combustors are  especial ly  su i ted  for 

s o i l  decontamination a t  lower cost than a rotary k i l n .  

hearth inc inera tors  can handle large, b u l k y  durable goods items a t  lower 

cos t  than a rotary k i l n .  

__. -- 

Assuming t h a t  

Rotary k i l n s  are 

Final ly ,  fixed 

4. Large quan t i t i e s  - of turbine qual i ty  I__ steam - can be 11- produced fram incinerat ion 

_I of hazardous wastes at: the DADS s i t e .  

bai lers  added t o  hazardous waste inc inera tors  of contaminated MSW and s o i l  

are  comparable t o  the 77,000 lb/h of 830'F, 865 p s i g  steam from a 

conventional MSW incinerator  of about 330 ton/day capacity. 

estimated f u r  hazardous waste inc inera tors  depend on the t o t a l  quantity of 

waste tx be t rea ted  and the? assumed operating period, 12 years i n  this 

s t u d y .  

t r ea t ing  s o i l s  followed by rotary k i l n s  t r ea t ing  MSW - 57,000 lb/h.  

Steam flows from heat recovery 

Steam flows 

The l a rges t  flow of steam - 151,000 l h , h  - was from rotary k i l n s  

S .  Waste t i r e s  s ta red  a t  the DADS s i t e  could be used beneficial ly  - as 
I _ ~  Ix_ _I ___ --.- - I 
supplementary -_I- fuel. i n  rotary k i l n s  t rea t ing  s o i l s .  

be  designed t o  accept whole t i r e s ,  the waste t i r e s  a t  the DAD5 s i t e  could 

be used a t  a r a t e  of 37.5 tsn/day or 1.37 million t i res /year  i f  rotary 

k i l n s  are  used f o r  s o i l  treatment. 

$l/gal would amount t o  $2.0 mil. l ion.  

Since rotary k i l n s  can 

Annual savings i n  fuel  o i l  costs a t  
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10.1.2 Economic Findings 

1. The primary market f o r  enerqy recover5d from incineration a t  the DADS s i t e  

is electr ic i ty  so ld  t o  the local u t i l i t y  a t  PURPA rates. 

cogenerated steam t o  a district heating system and o f  electr ic i ty  t o  the 

Buckley Air National Guard base were evaluated as possible markets t o  

increase project revenues. The d i s t r i c t  heating market was considered very 

speculative since there is no commercial development i n  the area and l i t t l e  
prospect for such development u n t i l  decontamination o f  the QADS s i t e  is 

well along. 

daytime peak rate periods a t  rates above the current PURPA rate o f  0.045 
$/kWh generated only  a small additional revenue. 

- - ---- - 
Sale of - ----__. --- 

Sale of e lectr ic i ty  t o  Bilckley Air National Guard base during 

2. Integrating conventional - and hazardous waste incineration f ac i l i t i e s  would 

Operating costs would produce relatively small operating cost reductions. 

be reduced w i t h  an integrated fac i l i ty  through more efficient use o f  
maintenance personnel and sharing o f  common support  fac i l i t i es .  

such cost savings would be small compared w i t h  other labor costs associated 

w i t h  the conventional MSW and hazardous waste incinerator operations. 

However, 

3. Low operatinq availability of hazardous waste incinerators reduces their  

-- value as revenue generators. Increased downtime f o r  maintenance o f  
hazardous waste incinerators reduced t h e i r  assumed availabil i ty to  

60 'compared w i t h  80% for conventional MSW incinerator power plants. 

periods of reduced steam production from the hazardous waste heat recovery 

boilers, return on t h e  investment i n  turbine/generator equipment w i l l  be 

low. 
reduced because of low re l iab i l i ty  of production. 

- - -- 

During 

The value of electr ic i ty  sold under PURPA regulations could also be 

4. Thermal treatment is a very expensive treatment option f o r  DADS wastes. 

thermal treatment is selected, treatment costs - without  t h e  cost o f  
exhuming and transporting wastes to  t h e  treatment fac i l i ty  - range from 

If -- -- 



$120 t o  180/ton f o r  no heat recovery i n  the system. 

highest. for  an a l l  rotary k i l n  system (Option 1). 

c i rcu la t ing  bed combustors t rea t ing  the large amount of contaminated s o i l ,  

the treatment cost  i s  reduced t o  about $120/ton. 

Treatment cost  is  

I n  Option 2 w i t h  

5 .  Although the cost  of recovered -- heat from incinerat ion - o f  hazardous wastes 

appears --- t o  be a t t r a c t i v e ,  integrat ing hazardous -- waste and conventional - MSW 
incineration for  power production has a l imited a f f ec t  - -____- on the cost  of 

t r e a t i n g  - DADS wastes. 

cos ts  a r e  reduced r e l a t ive  t o  separate treatment, depending an the value of 

the e l e c t r i c i t y  produced. A preliminary analysis  of waste processing cos ts  

was performed assuming a l0%/year financing r a t e .  For the higher cos t ,  a l l  

rotary k i l n  system (Option l), the  cost  reduction was estimated t o  be up t o  

$36/tOn or 20% for  a 0.07 $/kWh e l e c t r i c i t y  value. 

Option 2 treatment system, the corresponding cost  reduction was only $7/ton 

or 5.7%. 

--- 

- -- 
With an integrated power plant ,  waste processing 

For the bower cost  

10.1.3 Institutional Findings 

1. - An integrated waste treatment - f a c i l i t y  would require - a s ingle  operator ~ and 

- a unified design approach. 

operation of turbine/generators supp l i ed  by both conventional MSW boi le rs  

and hazardous waste heat recovery boi le rs .  

operating and maintenance labor could only be realized w i t h  a s ingle  

operatar. 

f a c i l i t y ,  indicates  the need for  ear ly  planning o f  such a f a c i l i t y .  

A s ingle  operator would f a c i l i t a t e  e f f i c i e n t  

I n  addi t ion,  any savings i n  

A unified design, required for  an integrated waste incinerat ion 

2. Mismatch - i n  operating -- l i v e s  of conventional - and hazardous waste 

incinerat ion systems requires resolution -I for  economic __- use of investment _I i n  

the conventional waste system. 

systems are  about 30 years compared w i t h  shor te r  operating l i v e s  f o r  

Operating l i v e s  of conventional waste 

mardous waste systems, dictated by the time required to  decontaminate a 
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s i t e ,  12-20 years assumed i n  t h i s  s tudy .  T h i s  mismatch could possibly be 

approached i n  two ways. 

hazardous waste inc inera tors  f o r  e i the r  hazardous or  nan-hazardous wastes 

a f t e r  t h e  DADS hazardous wastes have been t reated.  

One approach would be t o  continue t o  use the 

A second approach would be t o  plan for  an extended operating period for  

t rea t ing  the DADS wastes t o  coincide wi th  the 30-year aperating l i f e  o f  the 

conventional waste system. 

for  t rea t ing  t h e  DADS wastes. 

hazardous waste inc inera tors  and assceiated equipment and a re-analysis of 

the integrated power plant configuration. However, t h e  u n i t  processing 

cost  i n  $/ton o f  waste may change l i t t l e  from the cos ts  developed i n  t h i s  

s t u d y  because O h  cos t s  dominate the u n i t  processing costs.  

T h i s  approach would a l so  reduce annual cos ts  

It woLfld require a d i f f e ren t  s iz ing  of 

3 .  The v i ab i l i t y  -- of the integrated -. waste incinerat ion f a c i l i t y  concept -- for a 

s i t e  such as  the DADS s i t e  is linked very closely w i t h  t h e  economic 

v i a b i l i t y  o f  a conventional MSW incinerator  power plant a t  the DADS s i t e .  

A s igni f icant  portion of t h e  revenues for  an integrated inc inera tor  power 
plant a t  the DADS s i t e  would come from t h e  disposal cost  or t i p p i n g  fee" 

f o r  conventional MSW processed. With e l e c t r i c i t y  sold under current PURPA 

r a t e s  as  t h e  other main saurce of revenue, MSW disposal cos ts  of about 

$40/tOn a re  indicated.  

current l a n d f i l l  disposal fees  i n  the Denver area,  a s ign i f i can t  

accommodation between incinerat ion disposal cos ts  and l a n d f i l l  disposal 

fees is indicated before incinerat ion o f  MSW is economically viable a t  the 

DADS s i t e .  

- 
----_I_-- -- 

-- -- ---- 

I8 

Since t h i s  disposal cost  is much higher than 

10.2 REC-ATIWS 

I n  view of the conclusions o f  t h i s  s tudy  presented above, the following 

recommendations a re  made for  t h e  Air Force Regional C i v i l  Engineers r e l a t ive  t o  

remedial act ions t o  be taken a t  the DADS site. 



1. In  order t o  reduce overal l  --I__ cos ts  for s i t e  decontamination, AFRCE should 

encourage invest igat ion o f  @'.in-s i tuED decontamination methods because o f  the 
--- 

-- -._11 II_ 

high cost  of exhuming and inc inera t ing  the large quantity o f  contaminated 
II . m  -- - 

material - largely s o i l  - estimated a t  t h e  DADS s i t e .  For the 4,332,000 

tons o f  contaminated material  estimated i n  t h i s  s t u d y ,  the cas t  of inc i -  

neration alone could range from $520-780 million for  u n i t  processing cos ts  

of $120-180/ton. 

reduce the amount o f  material t reated a t  such h i g h  costs .  

---- 

I n - s i t u  Lreatment methods should be evaluated i n  order t o  

2. If incinerat ion is selected fo r  treatment o f  DADS wastes, moisture and 

corrosion cha rac t e r i s t i c s  o f  the b u r i e d  MSW and contaminated s o i l  should be 

reviewed for their  e f f e c t  on heat recovery before proceeding w i t h  the 

integrated power generation concept. 

-- - - -  -. - ~ 

-- - - -- 
-I_ -I_ _I_ ~ 

3 .  AFRUE should proceed w i t h  the development o f  an optimization model for  
_I- --- ~ I____- II_I_ 

s i r i n g  hazardous waste systems t o  changing hazardous waste thermal t r e a t -  - - 
merit scenarios. 

waste cha rac t e r i s t i c s  and treatment options a t  the DADS s i t e ,  thermal 

treatment equipment s i zes  and corresponding processing cos ts  could d i f f e r  

s ign i f icant ly  from t h i s  s t u d y .  The ana ly t ica l  capabi l i ty  of an optimiza- 

t i o n  model would allow for  a rapid economic analysis  o f  changing waste 

remedial plans, and provide AFRCE w i t h  a sound basis for  contributing to  

the development of a business plan for  remedial actions.  

As more detai led information is developed m hazardous 
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