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FOREWORD 

These proceedings document p resenta t ions  g iven a t  t he  I n t e r n a t i o n a l  

. Conference on European Waste-to-Energy Technology he ld  October 29-31, 1980, 

i n  ~ e s t o n ,  V i r g i n i a .  The conference, sponsored by the  U.S. Department o f  

Energy (DOE) and the  U.S. Environmental P r o t e c t i o n  Agency (EPA), prov ided 

major European designers o f  wast,e-to-energy systems w i  t h  the  opportuni  ty 

t o  share t t i e i  r technol'ogy w i t h  'an i n t e r e s t e d  American audience.' 

. Managers o f  European community waste-to-energy p l a n t s  descr ibed t h e i r  

p l a n t s  and discussed t h e i r  p lanning and implementat ion problems, i n c l u d i n g  

s i t e  se lec t i on ,  cons t ruc t ion ,  and o the r  opera t ing  experiences. I n  add i t i on ,  

the  r e s u l t s  o f  ex tens ive  s tud ies  made, by the  DOE and EPA on European waste- 

to-energy e f f o r t s  were presented. 

The conference concluded w i t h  a panel d iscuss ion  t h a t  inc luded repre-  

sen ta t i ves  f rom the European systems, the  DOE, and ttie,EPA., As w e l l  as pro-  

v i d i n g  a summary o f  t he  in fo rmat ion  presented, t he  panel d iscuss ion  f a c i l i -  

t a t e d  an i n f o r m a t i v e  in terchange between those .a t tend ing  and the  speakers. 
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"EUROPEAN AND AMERICAN EXPERIENCES - A POINT OF VIEW."" 

Henri-Claude Bailly 

Hagler, Bailly & Company 
Washington, D.C. 20006, U.S.A. 

I hope t o  convince you today t h a t  international cooperation and exchanges 

dealing with rubbish a r e  worthwhile! Much has been writ ten,  and much more  

has  been said, about t h e .  f a c t  t h a t  Europeans a r e  f a r  ahead of thei r  

American counterpar ts  in t h e  recovery of energy through t h e  combustion of 

municipal solid waste. While the re  were  23 waste-to-energy-systems 

operating in t h e  United S t a t e s  in 1979** (Exhibit l),  more  than 180 plants 

-- 
* The  author, President of Hagler, Bailly & Company, wishes t o  express 

appreciation t o  t h e  numerous individuals and organizations who provided 
helpful information, advice, and comment.  The following a r e  owed special 
thanks: Donald K. Walter and Char lo t t e  Rines of t h e  U.S. Depar tment  of 
Energy who, over . t h e  past  3 years, have sponsored t h e  study of t h e  . 
European experience;  Phillippe Delmas of t h e  French Ecole Nationale 
dlAdministration; Francoise Paublant of RPA SA (Paris); Phillippe Mondan, 
formerly wi th  RPA SA; and Jean-Louis Poirier and Gerald Schwinn of 

' Hagler, Bailly & Company. 

** According t o  a national survey by E P A ~  t h e r e  were  23 operating 
waste-to-energy systems in t h e  United S t a t e s  in 1979 with t h e  capaci ty  
t o  process nearly 15,000 tons of municipal solid was te  (MSW) per day. By 
adding t h e  number of cur ren t  operating units  and those  under construction, 
and assuming t h e  completion of a l l  planned units  with a project  s tar t ing 
date ,  w e  can  project  t h e  operation by 1983 of a t o t a l  of 51  systems 
processing 46,500 tons  of MSW/day. An additional four planned units  t h a t  
have no f i rm s tar t ing d a t e  will be able t o  process an  additional 5,600 tons  
of MSWIday. 

1979 23 units  . 

1983 51 units  
1984+ 5 5  units  

14,413 tons MSW/day 
46,524 tons  MSWIday 
52,225 tons ~ S ~ / d a y  

U.S.. Environmental Protect ion Agency, Resource Recovery and Waste : 

Reduction Activities: a Nationwide Survey (SW-432 November, 1979; 



a r e  current ly  recovering energy f rom municipal solid was te  in Western 

Europe (Exhibit 2). Some European countries recover energy f rom more than 

50 percent  of thei r  municipal was te  s t ream,  compared with slightly more  

than 2 percent  in t h e  United S t a t e s  ( ~ x h i b i t  3). 

When one compares  t h e  European and American experiences, two interesting 

questions c o m e  immediately t o  mind. First ,  what forces  were  present in 

Europe during t h e  post World War I1 e r a  t h a t  can  explain the' rapid 

development of waste-to-energy systems? Second, what  conclusion can be  
I -'*- 

drawn for  t h e  development of waste-to-energy systems.in t h e  United Sta tes?  

In t h e  res t  of my presentation, I will a t t e m p t  t o  answer these  two  questions 

, by drawing a parallel between t h e  marke t  fo rces  ac t ive  in t h e  United S t a t e s  

and Europe in t h e  postwar e r a  and t h e  forces  t h a t  have emerged since t h e  
4 .  

mid-1970s. 

* 

Over t h e  pas t  10 years  I have read -- and h e a r d  -- many s t a t e m e n t s  t h a t  

a t t e m p t e d  t o  explain why .waste-to-energy systems developed at di f ferent  

r a t e s  in Europe and t h e  United states. One reason forwarded in t h e  ear ly  

days was  t h a t  U:S. concerns -- corrosion problems, .pollution control ,  t h e  

heating value of was te  -- required a d i f fe ren t  technology f rom t h a t  used in. 

Europe. Hence, t h e  delay. I would like t o  remind you t h a t  similar problems 

existed in t h e  ear ly  1960s in Europe, and ye t  did not  s top  t h e  grbwth of 
J 

waste-to-energy systems there.  W e  a r e  likely t o  hear much more  on some 

of these  issues f rom European manufacturers  of such systems and thei r  

American l icensees over t h e  nex t  2 days. Another reason f o r  t h e  di f ferent  

development r a t e s  was  t h e  absence of a U.S. waste-to-energy industry and 



the re fore  t h e  need t o  import  technology. As i t  happens, t h e  countr ies  t h a t  ~. , 

1 manufacture  85 percent  of t h e  g r a t e s  installed. in Europe -- West Germany- 

with Martin and VKW, Switzerland with Von Roll, Denmark with Brunn & 

Sorenson? and Volund -- a r e  also among t h e  leading countr ies  in t e r m s  of 

t o t a l  installed capaci ty-  o r  relative capaci ty  per  cap i ta  (Exhibit 4). All t h e  

same, several  countries -- France,  Sweden, and t h e  Netherlands -- have no t  

hesitated t o  use imported technology. Although I concede t h a t  t h e  t ransfer  

of technoldgy might be  eas ier  t o  e f f e c t  arndng ~ u r o p e a n  countr ies  than 

between Western Europe and th is  country,  t h e  absence of a major U.S. g r a t e  

manufacturer  'does not explain t h e  lack of penetration of waste-to-energy 

. systems in t h e  U.S. market.  

As people ' r a n  ou t  of technological and industrial organization arguments,  

they s t a r t e d  t o  advance insti tutional .ones -- European business pa t t e rns  a r e  

di f ferent  f rom U.S. patterns;  t h e  decisionmaking t i m e  f r a m e  in Europe is 

,much shorter;  U.S. f inancial  ins t ruments  a r e  inadequate. In my mind, none 

of these  specific insti tutional f ac to rs  is a key determinant,  although I a m  

sure  t h a t  examples c a n  b e  found in support of each.  

If none of t h e  above arguments  contain t h e  key t o  understanding t h e  . . 

U.S.-European differences,  where does  t h e  answer lie? 

.In t h e  course;  of t h e  l a s t  decade,  I h a v e .  distilled -my exper ience into a 

explanation. To put . r~ :~y  point of view in.perapective,  l e t  , m e  share  with you 

my overall  d~nclusions .  I should emphasize t h a t  these  conclusions a r e  not  

t h e  ces,ult-of some scientif ic (by scientif ic,  1. mean precise and systemat ic)  

D cornparalive analysis, c at her,' they are t h e  product of nearly 10 years  of 

consulting t o  public- a n d ,  private- sector  c l ients  both here  and in Europe. 



In severa1.European countries in t h e  1960s and ear ly  1970s, th ree  primary 

forces  were  at work with respect  t o  was te  management: 

First,  landfilling was not  perceived as a viable waste  management  

a l ternat ive  by most  municipal government~'decisionmakers ' 

Second, cos t  and o ther  financial considerations were  seldom an  issue 

when making 'decisions on waste  management 

~ h i r d , '  once  t h e  municipality marip t h e  decision t o  incinerate,  ti'lelgy 

recovery was  t h e  logical next step. . 

Today, however these  fo rces  a r e  no longer converging in Europe t o  s t imulate  

t h e  market .  The marke t  for  large  systems, in general  t h e  most economical, 

is sa tura ted.  Fiscal  auster i ty  is  becoming as important  t o  European 

governments as i t  i s  t o  U.S. governments. The boom e r a  has subsided. T h e  

United S t a t e s  represents  t h e  only remaining large  potential  market,  fo r  

waste-to-energy recovery systems. Nonetheless, i t  remains t o  b e  seen 

whether t h e  emerging U.S. economic and institutional fo rces  will s t imulate  

t h e  ful l  development of such systems. 

Returning t o  my f i r s t  conclusion -- t h a t  landfilling was  not  perceived a s  a 

viable was te  management  a l ternat ive  by European decisionmakers -- I 

believe t h a t  t h r e e  fac to rs  converged t o  shape th is  a t t i tude:  

F i r s t  a general  l a c k  of landfill space in t h e  vicinity of ,the. municipality 



I .  

Second, .a lack of ac t ive  government support for, th is  technique, and 

Finally, a lack of engineering and political appeal. 

I have reviewed t h e  8 case studies t h a t  I d i rected fo r  t h e  Depar tment  of 

Energy in 1978 and. 1979 (then Energy Research.  and Development Adminis- 

t ra t ion (ERDA)), as well as t h e  16 case studies prepared by Bat te l le  fo r  t h e  

Environmental Protect ion Agency (EPA) (Exhibit 5).  T h e  lack of landfill 

space within t h e  municipality's jurisdiction was-  c i t ed  mo5t o f ten  by t h e  

municipal government officials  interviewed as t h e  primary reason f o r  

selecting incineration. .  The  need t o  go beyond town limits t o  acquire landfill 

space c r e a t e d .  political problems t h a t  they preferred t o  avoid. 

The  second fac to r  pertains t o  the .  government 's  a t t i t u d e  toward landfilling.' 

European c e n t r a l  governments generally adopted a neutra l  position toward 

landfilling while ''underwriting" incineration and composting. For example,  

t h e  French government subsidized incineration (which is  not  synonymous 

with waste-to-energy) in t h e  ear ly  1960s, whereas  no subsidies fo r  sanitary 

ldiidlills wcrc  available hefnre 1975, Government guidelines, regulations, 

and research generally emphasized incineration with and without hea t  

recovery and composting, thus  legitimizing these  techniques in t h e  e y e s  of 

t h e  decisionmakers. For example,  t h e  French government published 

extensive guidelines (Cahiers des  Charges) in t h e  Journal  Officiel  ( the  

Federal  Register  equivalent) on incineration and compost nearly 12 months 

before  simple guidelines were  issued f o r  landfilling. The  f i rs t  design and 

operat ing guidelines for  landfills were  only published by t h e  French 

B gov,ernment ear l ier  th is  year.. 



In addition t o  t h e  previous two  factors ,  i t  i s  c lea r  t h a t  incineration provided 

unique eng ineer ingand  political appeal t h a t  no o ther  was te  disposal method. 

could parallel. Incineration was considered modern, ef fect ive ,  and eff ic ient  

. a s  opposed t o  t h e  old-fashioned, unsophisticated, unhygienic land disposal 

technique. ' Indeed, incineration was  seen as t h e  u l t imate  engineering 

solution t o  t h e  eradicat ion of pestilence, which.  was  t h e  ul t imate  objective 

of w a s t e  management.  Some plants (e.g., Ivry, France and Munich, West 

Germany), became engineering showcases if not  tourist  at tractions.  Several  

of t h e m  even  publish brochures in foreign languages for  thei r  visitors. The 

volume of a r t i c les  on resource recovery published in technical  journals. in 

Europe f a r  exceeded.  those 'on landfilling techniques: Furthermore,  for .  

political reasons (and w e  will s e e  la ter ,  for f inancial  reasons too) municipal d: 

councils o f ten  preferred subsidized investments to-  non-subsidized invest- & I  

ments,  even if th is  demanded a larger f inancial  contribution from t h e  

municipality. ~ e t t i n ~  s o m e t n ~ n g  "free" was  -- and is -- considered a good 

t e s t  of a mayor 's  performance in Europe.' And, t o  quote  one  high European 

government official ,  "one does  no t  dedicate  a landfill!" 

Landfill might have been a "dirtyM word in Europe in t h e  1960s, but  people 

go t  p re t ty  f i red up about incineration in t h e  United States.  As t h e  country 

embarked on a !arge-scale environmental  clean-up t h a t  focused, at first ,  on 

a i r  pollution, incineration became a burning issue. The Clean Air Act ,  l o r  

instance, was  passed in 1963, 2 years  before  t h e  passage of t h e  Solid Waste 

Disposal Act. During th is  period, t h e  Public Heal th  Service and EPA 

actively promoted sanitary 1andfilling.as an  innovative approach t o  incine- 

ration and open dumps, emphasizing t h e  cost-effectiveness -- and relia- 

bility -- of th is  technique. Sanitary landfill design and operation guidelines: 



b were published in t h e  United S t a t e s  in t h e  same year  as t h e  ~ r e n c h .  issued 

thei r  guidelines. for. iricineration. Without a doubt, th is  country  did no t  f a c e  

a shortage of land for  was te  disposal nearly as a c u t e  as most industrialized 

~ u r o p e a n  countries. 

A t  t h e  same t i ine as landfill,. was Beiiig: promoted, a large-scale exper imental  

e f f o r t  focused. on high technology so.lutionf was launched in t h e  United 

S t a t e s  t o  recover mater ia l  and/or energy f rom t h e  municipal waste  s t ream.  

Ci t ies  like Franklin, Ohio and Baltimore, Maryland became a s  well known in 
1 

Europe as Ivry and Munich were  known here. European c i ty  engineers looked 

with envy at these  high technology experiments.  Unfortunately for t h e  

United Sta tes ,  this  new generation of technologies did no t  m e e t  i t s  planners' 

expectations.  What i t  did do was prove t h a t  sanitary landfilling was 

substantially less expensive. and more. keliable, in o ther  words less risky, and 

t h a t  t h e  European, waste-to-energy recovery technology was superior. 

This d i f ference in perception between t h e  Europeans and thei r  American 

counterpar ts  is accen tua ted  by another  very important  point -- t h a t  cos t  and ' 

other '  finariclal consider.a.tiorss were  scldom a n  issue for  t h e  .Europeans. I 

believe t h a t  two  fac to rs  g o  f a r  toward explaining th is  a t t i tude.  

First ,  plenty of cheap  money was avai lable  f o r  was te  t r e a t m e n t  facilities; 

and 'second, municipal financing pract ices  favored capital-intensive invest- 

ment  decisions.. L e t  m e  expand now on these  t w o  factors,  using France  and 

West Germany as examples. . . 



France  is  .said t o  be one of t h e  . most "centralized" countries of t h e  

nonsocialist developed w,orld. Although 1 believe t h a t  such a s t a t e m e n t  

oversimplifies intergovernmental  relationships, i t .  i s  t r u e  t h a t  . the 'centra l  

government plays a key role in manipulating t h e  "demand" as well a s  t h e  

"supply" of public expenditures for  was te  disposal. In France,  t h e r e  is  a 

complete  dichotomy between public investment .expenditures and ,public 

. operating expenditures.  This separat ion.  applies .both t o  t h e  sources of 

f inance and t o  t h e  decisionmaking processes. I t  i s  one  thing to have a 

waste-to-energy system built, but  qu i t e  another  t o  g e t  t h e  budget t o  run it. 

Let  us  focus  on t h e  capi ta l  expenditure side of th is  problem. 

. . . . ..,,. . . 

I t  is. t h e  responsibility o f .  local . ,. governments t o  undertake capi ta l  expendi- 

tures  in was te  management;  . But because local governments a r e  generally 

too poor t o  f inance these  .investments; they seek assistance f rom t h e  cen t ra l  

government. Two points a r e ,  important  in th is  respect .  First ,  cen t ra l  , 

government decisions on subsidies and loans a r e  made on a n  investment-by- 
\ 

I .  

investment basis; and, second, loans a r e  usually automatically ,granted, once 

a c e n t r a l  government subsidy is obtained. . 

. . . . .  

The loan is  usually granted by t h e  Caisse d e s  ~ e ' ~ $ t s  et Consignations, which: 

serves  a s  banker and -- through i t s  many subsidiaries -- a s  technical  advisor . ' 

t o  local  governments. .. Although local  governments a r e  nn longer prevented 

from borrowing on financial  markets,  in teres t  r a t e s  a r e  higher and cen t ra l  

government authorization is necessary for.  important  borid issues. The f a c t  , 

' tha t  subsidy means  loan, which means  investment,  also explains t'he 
. .. 



municipal councils' preference for  a capital-intensive, but  subsidized 

v 
investment,  even if i t  enta i ls  a large  financial  contribution f rom t h e  . 

* municipality. 

T o  my knowledge,. every system t h a t  has been built in ~ r a n c e  received large  

subsidies f rom t h e  cen t ra l  government. These subsidies ranged f rom 10 

percent  t o  a s  much as 80 percent  of t h e  t o t a l  investment (Exhibit 6). During 

t h e  mid-1960s and 1970s, I e s t i m a t e  t h a t  t h e  cen t ra l .  government disbursed 

between $75 and $100 million (in today's dollars) in subsidies for  was te  

t r e a t m e n t  facilities. These expenditures were  pa r t  of t h e  public hygiene 

budget ( ~ r g d i t s  \a I.' Assainissement) which grew more quickly than any o ther  

cen t ra l  government assistance program between 1965 and 1975. Thus, 'by 

allocating a large  budget f o r  subsidies, t h e  cen t ra l  government controlled 

t h e  supply. of public investments in waste  disposal facil i t ies,  and by 

manipulating t h e  r a t e  of subsidy, it controlled t h e  demand. 
i 

In addition t o .  t h e  availability of cheap  money, t h e  budgeting .process was 

also a n  important  f a c t o r  in t h e  European a t t i t u d e  toward financing was te  

management. Each November in ~ r a n c k ,  municipalities must submit thei r  

budgets for approval t o  t h e  P r e f e c t  who heads a regional jurisdictional 

en t i ty  called a ~ e ' ~ a r t e m e n t * * .  As a result  of th is  process, municipalities 

* Refer  t o  R & ~  Prud'homme "France: Central-Government Control  over  
Public Investment Expenditures" in Political Economy of Fiscal Federa- 
tion, edi ted by Wallace E. Oates ,  Lexington Books, 1977; and A Study of - 
t h e  Financial P rac t i ces  of Governments in Metropolitan Areas, Of f ice  of 
International Affairs, U.S. Depar tment  of Housing and Urban Develop- - 
ment,  1973. 

** The pre fec t  is appointed by t h e  Pr ime  ,Minister, on t h e  advice of t h e  
Ministry of t h e  Interior. There  a r e  95  Depar tements  in France,  including 
5 fo r  t h e  Par is  metropoli tan area.  



have been required t o  undertake specific public investments  t h a t  were  

deemed by t h e  higher auhtor i t ies  t o  b e  in t h e  public good. . Once a project  

and i t s  financing plan have been approved by t h e  P r e f e c t  and o ther  relevant 

authorit ies,  t h e  municipality , i s  absolved from any c o s t  overruns o r  

difficult ies in loan repayments. Although many local  government officials  

complain bi t ter ly  about cen t ra l  government controls (especially t h e  munici- 

pali t ies.  t h a t  a r e  run by political par t ies  no t  belonging t o  t h e  ruling party),. 

my conclusion is' tha t ,  in general, they happily accep t  them. For instance, 

local ' officials  recently opposed government init iat ives t o  decentra l ize  . 

f inancial  procedures. Clearly, local  government officials  prefer  t o  share  t h e  

political and financial r i s k s  of t h e  investments with higher authorit ies,  who 

can se rve  as, a scapegoat if t h e  pra ject  does not  m e e t  expectations.  . To,sum 

up,.  in t h e  case of was te  .management projects  in . France,  t h e  cen t ra l  

-a".-. , government proposes, and t h e .  local  government disposes! 

In West Germany, on t h e  o ther  hand, t h e  government i s  much more  
i 

.,a 

decentra l ized than in France.  For one thing, West Germany has  a federal  

s t ruc tu re  like t h a t  of t h e  United States.  Controls over  local government 

expenditures a r e  generally excercised through t h e  S t a t e  (The "Lander") 

r a the r  than by t h e  cen t ra l  government ( the  "~und").* How, then,  did 

f inancial  pract ices  . a f f e c t  investments in waste-to-energy systems? 

* The Federal  Republic of Germany i s  divided in to  e ight  s t a t e s  t h a t  have 
varied s t ruc tu res  of local  governments; some have e lec ted  mayors, and 
some have appointed mayors, a collegiate executive,  o r  a chief execut ive  
officer.  There  is a c lea r  distinction made between t h e  professianil 
politician and t h e  profes2ional administrator.  



D As in France,  local governments in West Germany a r e  responsible for  waste  

management.  In t h e  1960s (especially in t h e  l a t t e r  pa r t  of the decade) 

several  municipalities financed waste-to-energy systems o u t  of thei r  reve- 

nues. . As a result  of t h e  German economic boom, municipalities were  

growing richer and were  thus more  a b l e .  t o  make investments in public 

projects. In addition, local  governments in West Germany enjoy seve.ra1 

revenue-raising advantages. As well as having broad powers of taxat ion .(as 
' 

compared,  for  example,  with F r e n c h  municipalities), they can impose 

charges  on users of thei r  services kg . ,  for  was te  management) t o  help 

o f f se t  municipality costs." In t h e  1970s, t h e  Landers provided extensive 

financial support t o  local  governments in  t h e  ' form of g ran t s  and ldw-interest . 

loans. Generally, t h e  municipality f inanced less than one-third of t h e  

waste-to-energy systems on its own. For  example,  t h e  c i ty  of Landshut 

received subsidies f rom t h e  Lande of Bavaria equal t o  21 percent  of t h e  

t o t a l  capi ta l  cost;  nearly 61 percent  of i t s  third furnace (yet  t o  be  built) will 

be  subsidized by t h e  Lande."" 

T h e  French and West German examples indicate t h a t  European .municipali- 

t i e s  generally had easy access  t o  money f o r  waste-to-energy fa-cility 

 investment^.^ Their  d i rec t  and non-subsidized financial contribution t o  such 

* The  regional reform (Gebietsreform) t h a t  took place between 1969 and 
1972 also led t o  t h e  administrat ive integration of smaIl municipal units  
into larger . a n d  more  eff ic ient  ones, thereby facil i tat ing municipal 
financing. 

** The Lande of ~ a v a r i a  will also make a 15-year loan  at 3.5 percent  
in teres t  for  15 percent  of t h e  capi ta l  cost. 

The  post-World War I1 period was one  of extensive reconstruction, when 

B many of t h e  original incinerators t h a t  were  destroyed during t h e  war, for  
example,  were  rebuilt. 



projects  was  usually low, and they used outright grants  t o  f inance much of 

t h e  faci l i ty  ( ~ x h i b i t  7). I t  i s  interesting t h a t  in t h e  United Kingdom, one 

industrialized European country t h a t  did not  subsidize waste-to-energy 

systems, t h e  penetration of such systems has been very low. Landfilling 

represents  87 percent  of U.K. was te  disposal and no incinerator.  has  been 

built in t h e  pas t '  10 years.* 

During t h e  s a m e  period in t h e  United Sta tes ,  t h e  si tuation was  qu i te  

different.  For  o n e  thing;the U.S. government did not  a t t e m p t  . to control  

t h e  supply of waste-to-energy systems; for another,  local  governments in t h e  

United S t a t e s  enjoy more  independence and thus  expose local  taxpayers and . 
local politicians t o  more  risk than thei r  European counterparts .  . . 

.. 

The  relat ively low level of investment in waste-to-energy systems in t h e  

l a t e  1960s and 'ear ly  1970s cannot  be a t t r ibu ted  t o  t h e  inadequacy of t h e  

financing instruments.  On t h e  contrary,  I believe t h a t  tradit ional  U.S. 

municipal f inance sources were  adequate  for  obtaining solid was te  invest- 

ment capital .  In f a c t ,  solid waste  projects have generally enjoyed a grea te r  

number of financing options, e.g., r evenue  bonds and pr ivate  financing, than 

o ther  municipal programs fo r  which such ins t ruments  cannot  b e  used. 

The  availability of financing mechanisms did not, however, influence t h e  

exist ing municipal priori t ies and cap i ta l  al location processes. Without a 

doubt, solid was te  disposal in general, and waste-to-energy in part icular,  

. . 

3C Waste Disposal Authorit ies in England e s t i m a t e  t h a t  in 197711978 only 
12 percen t  of t h e  municipal was te  was  incinerated,  at an  average cos t  
of a 2 . 2 3  per ton versusX2.70 fo r  landfilling. 



1 occupied a .low position in t h e  list of municipal investment priorities. 

Financially speaking, t h e  a t t i t u d e  might '  b e  described as embracing t h e  

principle of "waste not, want  not." The federal  government did no t  a t t e m p t  

t o  change these  priorities. By 1975,,it had spent only $15 million (in today's  

doliars) on g ran t s  for '  waste-to-energy systems, a level substantially below 

t h a t  of Western Europe fo r  t h e  s a m e  period. 

Moreover, because U.S. municipalities o p e r a t e  m u c h ,  more  .independently 

than thei r  European counterparts ,  they a r e  also more  conservative; a U.S. . . 

community, fo r  instance, .can technically b e  bankrupt. .In addition, c i t izens  

a r e .  o f t en  directly involved in f inancing decisions, e.g., th rough ,  voter  

approval of 'any sizeable bond offerings, which seldom occurs  in Europe. 

Finally, th is  conservatism is  reinforced by a l imited ability t o  e v a l u a t e  

technically complex projects. In Europe, municipalities generaUy have , 

access t o  a cen t ra l  development bank, which c a t e r s  not  only t o  thei r  c red i t  , 

needs but  t o  thei r  technical  assistance needs as well. 

I a m  convinced t h a t  these  two  fac to rs  -- a t t i tudes  toward landfilling, and 

f l n a n c i ~ ~ g  pract ices  == played a major role in promoting incineration in 

Europe. Once  t h e  decision t o  incinerate  was  made, t h e  next  logical s t e p  was  

t o  recover t h e  energy. The  reason for  th is  decision was  twofold. First ,  i t  

had always been t h e  appropriate decision from an  engineering and planning 

point of view. Second, i t  tended t o  lower t h e  cos t  of incineration. 

From an  engineering point of view, utilizing combustion energy was more  

satisfying than ge t t ing  rid of i t ,  a s  energy  recovery was  synonymous. with 



sound energy management and also helped to  control air. pollution. From a 

planning point of  view, the production of energy through energy recovery 

was i n  line with the. type of activities that European municipalities have 

traditionally, supported. Most European . municipalities that considered 

waste-to-energy were either in the energy business already or had good 

reason to get Involved. For instance, in 20 out of 23 cases, municipalities 

were attracted by the opportunity to use recovered energy to produce steam 

' and electricity to serve the energy needs of their communities. In several 

. cases, this can be explained by the fact that district heating in Europe has 

traditionally been largely a. municipal business, especially in  growing. and/or 

new towns. That i s  to say, European municipal gove;nments consider the 

delivery of energy services t o  be part of the overall service that they must 

provide to their constituency. This is why, in Denmark, the Netherlands, and 

West Germany combined, more than 90 percent of the waste-to-energy 

systems were installed in municipalities involved, in the energy business 

(Exhibit 8). Of course, these countries have a long history of municipality 

involvement in  waste-to-energy: \ in the case 'of Hamburg, (West Germany), 

for example, more than 85 years; Copenhagen, (Denmark), more than 45 

years; ~oul'ouse, (France), more than 55 years. ' 

In addition to i ts appropriateness in  terms of engineering and planning, 

waste-to-energy was a logical step from,an eccrnnmic point of view. The 

investment of capital to finance a waste-heat recovery system was at worst, 

self-sustaining, and at best, profitable. For example, our analysis of several 

French cases has indicated that return on investment on the incremental 

capital cost associated with the waste-heat recovery system ranged. between 

14 and 24 percent in  most instances. In contrast, the average cost of capital 
1 .  



b for  a French municipality b a s  less than 6 percent!  with such financial 

pe r fo rmance , ' i t  was logical fo r  t h e  waste-to-energy route  t o  be  viewed by 

Eurbpean communities a's a n  a t t r a c t i v e  way t o  . reduce t h e  cos t  of 

incineration. O r  t o  put i t ' another  way, energy recovery  from incineration 

was one  way of" preventing t h e  taxpayers '  money f rom go ing 'up  in smoke. 

W e  'found, f o r  example,  t h a t  in 1975 most French waste-to-energy systems 

were  o f f se t t ing  between 40 and 60 percent  of t h e  cos t  of incineration 

(Exhibit "9); in 1970, i t  was  only 20 percent  ( ~ x h i b i t  lo).* W e  observed 

similar cos t  evolution pa t t e rns  in ' West Germany, Denmark, and t h e  

Netherlands during t h e  s a m e  period; . 

Thus, we have seen th ree  primary forces  at work in Europe in t h e  1960s and 

ear ly  1970s -- forces  t h a t  did no t  exis t  in t h e  United States:  

- the. perception t h a t  landfills 'were  not  t h e  proper way t o  dispose 'of 

. . 
was te  

. - t h e  f a c t  t h a t  cos t  and o ther  f inancial  considerations were  seldom an  . . 

. . . . issue 

- ' ancl t h e  .fact t h a t  waste-to-energy was  logical for  t h e  municipality. 

During t h e  same period, on th is  side of t h e  Atlantic,  a number of fac to rs  

a c t e d  t o  re ta rd  t h e  use of waste-to-energy systems: t h e  availability of land, 

. * In Paris, for example,  was te  disposal cos t s  ' h a v e  gradually decreased as 
' 

1 energy cos t s  have risen. Disposal c o s t s  were  6 5  f rancs  last  year,  will b e  
60 f rancs  th is  year,  and a r e  at 58 f rancs  nex t  year. 



conservative financial  management,  and general  re luctance on t h e  pa r t  of 

municipalities t o  e n t e r  (or reenter)  t h e  energy business. The  Americans, as 

i't were,  chose t o  bury t h e  issue o'f waste-to-energy recovery. 

. However, t h e  European and American si tuations a r e  beginning t o  change. In 

Europe, while t h e  marke t  i s  not  wasting away, .the number of systems 
I '  

enter ing service  has  declined drastically in t h e  las t  f ew years. This i s  

because many municipalities t h a t  would be  required t o  support large  plants\ 

already have a system in place. The  small  end' of , t h e  market ,  outside . ' 

Denmark and t h e  Netherlands, i s  developing slowly, with several  countries 

n o w  promoting sanitary landfill options for  th is  segment  of t h e  market.  

The French and West German governments , .  fo r  example,  recommend 

landfills for  municipalities of less than 30,000. And in 1975, t h e  French 

government adopted a policy t o  support sys tems only for  municipalities with 

a n  established dis t r ic t  heating potential ,  thus  excluding municipalities of less 
. . 

than 150;OOO. 

In Swedcn, t h e  government no longer favors  t h e  construction of waste-'to- 

energy sys tems  because  , o f  ac id  rain fallout. In Italy, t h e  Ministry of 

Environment publicly acknowledges t h a t  t h e  development of waste-to-energy 

systems is being blocked by pollution-related problems. There, .at least ,  

incineration has  become a soot  point. Across t h e  continent,  Europeans a r e  

reassessing the i r  was te  management  options, especially for  t h e  lower end of 

t h e  market." 

.. . . 
3t There  seems  t o  b e  a renewed in te res t  in Europe in mater ia l  recovery.from . . 

. . waste  as well a s  methane recovery f rom 'landfills. 



~ o r e o v e ' r ,  t h e  overall  state of t h e  European economy has  tended t o  make 

cos t  and o ther  financial considerations more  important.* Decentralized 

budgeting procedures and "revenue sharing programs" increasingly require 

t r ade-of f s ' a t  t h e  loca! and regional levels.** A t  t h e  same t ime, .waste-to- 

energy systems a r e  becoming increasingly costly t o  build and operate ,  given- 

t h e  d ramat ic  rise .in labor cos t s  in many countries over t h e  past  5 years. 

In t h e  United Sta tes ,  howevqr, several  f ac to rs  a r e  kindling enthusiasm for  

incineration waste-to-energy systems. 

a Sanitary landfill i s  becoming increasingly expensive a s  regulations 

become increasingly str ingent 

a energy prices a r e  making ttie systems more  a t t r ac t ive ,  especia l ly  at 

t h e  upper end of t h e  marke t  , ( i t  i s  just a m a t t e r  of t i m e  before  energy . 

prices equal ize  between t h e  United S t a t e s  and Europe) , 

a waste-to-energy compares  increasingly favorably with o ther  a l terna-  

t ives  (Exhibit 1 I )  

* For'exarnp1.e t h e  French budget for Public Hygiene in 1980 was 80 percent  
of i t s  1970 level  (in constant  francs); 

**For example,  s tar t ing th is  year,  each  French municipality will receive an: 
overall  subsidy and will b e  responsible for  assigning priority uses, A . 
marked s t ructural  change in loca l -a~~thor i ty  budgets has  also occurred in 
West Germany since t h e  ear ly  1960s. In 1961, t h e  cur ren t  and capi ta l  
budgets roughly balanced e a c h  other ,  but  now t h e  cur ren t  budget accounts  
for  two-thirds of t h e  budget total. All in all, exper t s  agree  t h a t  
investment.  s t rength  has fallen considerably. (Refer  t o  "Structural  Change 
in Local Authority Budgets in t h e  Federal  Republic of Germany: a 
Comparison Between 196 1 and 1977." In Local Finance, International 
Journal, April 1979, Volume 8, Number 2.) 

a 



T h e  shakedown of t h e  f i rs t  sys tems has  taken place, and U.S. industry 

' 

has  thus  be,en able t o  upgrade t h e  new systems1 reliability 

finally, t h e  f inancial  conservatism of U.S. municipalities . is  becoming , 

less of a n  obstacle  with t h e  passage of new l'egislation such as t h e  

"Energy Security Act," which . will provide loan and p r ice ,  support 

guarantees  for  waste-to-energy projects. 

. . 

Hagler, Bailly & Company e s t i m a t e s  t h a t  between ,1980 and 1995, the  

economically feasible marke t  for  waste-to-energy systems in t h e  United 

. S t a t e s  will increase  from a t o t a l  installed capacity.  of 15,000 tons per day 

t o  approximately 190,000 tons. In o ther  words, energy could be  econo- 

. mically recovered in 1995 f rom approximately.  one-quarter  of . t h e  to ta l  

, , 

municipal w a s t e  stream." 

The nation's  watchword fo r  t h e  1980s -- and beyond -- might well be: 

k 

h 

T h e r e  is n o  reason to assume t h a t  w e  will s t o p  using energy to 

produce rubbish; bu t  let's start using rubbish to produce energy. 

* These e s t i m a t e s  a r e  based o n  a comprehensive marke t  analysis using 
marke t  segmentat ion by region and by type of equipment. The  technically 
feasible marke t  was  evaluated at. 56 percent  of t h e  t o t a l  potential  waste  
s t ream in 1995 (approximately 200, million tons). Institutional f ac to rs  or  

, t h e  l a tes t  provisions of t h e  federal  regulations were  not  taken into 
account  in t h e  calculation of t h e  economically feasible market.  . , . 



Exhibit 1 

U.S. Waste-tolEnergy Systems 
(in operation, under construction, or planned [19791) 

A under construction or planned (32) 

in operation (23) 

Source: Resource Recovery and Waste Reduction Activities, A Nation Wide Survey, 
U. S. Environmental Protection Agency, November 1979 



Exhibit 2 

European Waste-to-Energy Systems 
(in operation, planned, or under construction. [I9771 ) 

m In Operation . 
A Under Construction or Planned 

Source: European Waste-to-Energy Systems: ~ n ' o v e k i e w ,  
' U.S. EnergyResearch and Development Administration, June 1977 



Exhibit 3 

Municipal Waste-to-Energy Recovery 
as a Percentage of Total Waste Stream (1,979)' 

Switzerland Sweden R FG France Austria Italy UK USA 

Sources:. . + 

- European Waste-to-Energy Systems: A n  overview. U.S. Energy Research 
and Development Administration, June 1977 

- Resource Recovery and Waste ~educt ion '~c t iv i t ies ,  A Nationwide Survey, , 
U.S. Environmcntol Protcction'Agency, No~lernher 1979  

- Hagler, Bailly & Company 1 . 



Exhibit 4 . 

Market,Shares of Grate Manufacturers 
(as a percentage of total grates installed) . - .  

: I  ( 

. .,.'. ,:-,>: ;; < - *  . . . . .  .*:\. : ' . .'> ; . ., : . j , :  

. "I , 3,. . ' .  --. . - .,,,.: . i' \ 
! . .  <. . . . , ' .  . . . .  , . . . . . . .  r,f::..t..:': . . . . . . .  . .* :: * ' ? .  , ,  .. -. , . . ' 6  . 

, .:: ::?+,: . 
I . . .  .. :. - ;.Installed . . . . .  r s . iC  Capacity per capita (~oucds.per.~ear)  . ; - . _ .  , . . ... . .C - . . . . . .  , . , ., > . -  : .  , 

, , - - . . .  : i; .  : ;  ; : :  , : v .  . . . . . . . . . . . . . . .  . ................... . .... . . . . . . . . . . . . . .  

Sweden' ' ' Netherlands West Denmark Switzerland 
Germany 

Source: European w a s t e - t o - ~ n e r ~ y  Systems: An Overview. 
U.S. Energy Research and Development Administration, June 1977 



Exhibit 5 

List of Case Studies 

DOE EPA 
. . . . . .  . . . . . . . . . . . . . .  . . . .  . . 

1. Kgrsor, Denmark 1. Amager, Copenhagen, Denmark 

2. Manchester, England 2. Korsens, Denmark 

3. .Brive, France 

4. lrvy-sur Seine, France 

5. Rennes, France 

6. Geneva-Cheneviers! ~witzerland 

7.   and shut, West Germany 

8. Munich, West Germany 

North la, l b  

North II 

South IV, V 

3. West Copenhagen, Denmark 

4. Deauvjlle, France 

Dieppe, France 

Issy-Les Moulineaux, Paris, France 

The Hague, Netherlands 

Savanas, Gothenburg, Sweden . 

Uppsala, Sweden 

Baden-Brugg, Turgi, Switzerland 

Hagenholz, Zurich, Switzerland 

Werdenberg, Buchs, Switzerland 

' 13. Dusseldorf, West Germany 

14. Krefeld, West Germany 

15. Stellinger-Moor, Hamburg, West Germany 

16. Wuppertal, West ~ermany 



Exhibit 6 

Financing Structure of French 
Waste to Energy Systems : 

(as percentage of total costs) ' 

, , 

'Date put into operation 
.'*Interest rates in parentheses 

SOURCE: European Waste-to-Energy Case Studies, U.S. Energy Re'search and Development Administration 
and Department of Energy, 1977-1978. 

Toulouse-Le-Mirail 650ltpd 

Phase l (1969)* 
Phase l l  (1975)* 

Brive (1 975) 165ltpd 

Rennes (1 968) 265ltpd 

l rvywr Seine (1 969) 
2,100ltpd 

Total 
Capital Cost 
(X 1,000 1980 dollars)' 

$1 2,400 , 
,. 6.100 " 

9,000 

8,600 

a .  

83,000 

Sources of Funds (%Ii* 

Banks . 

20 (8.75%) 
0 

6 (8.05%) 

. 0 

84 (5.25%-6.5%) 

Central 
Government 
Subsidy 

- - 
14 
9 

50 
. . 

30 

16 

Caisse des . 

, . DBpets et 
Consignations 

66 (5.25%-6.5%) 
91 (10.2%) 

44 (7.8%) 

70 (5.25%-7.0%) 

0 ' 



Exhibit 7 

Typical Financing Structure 
of Waste-to-Energy Systems 

i ... . .. . 

Sources , West 
of Funds France Germany . . .. . 

Government grants 1 0  percent ' 4 0  percent 

LOW-i"terest loa,ns- , , . 6 0  percent 3 0  percent 

Local government. 20 percent 3 0  percent 
.. , . .'< . e ,  .>.. .. , .r . . . .  , . .  

SOURCE: Hagler, Bailly 81 Company 



~raction of Waste-to-Energy Systems Installed in Communities , 

Already Involved in the Energy Business 

50 
I 1 'pO Fraction . ' I I I I I I I 

I (%I 

Denmark 

France 

Italy 

Netherlands 

West Germany 

Source: Hagler, Bailly & Company 



Exhibit 9 

Financial Performance 
of Waste-to-Energy Systems 
in France (in 1975) 

Porl 
lnci 
off! 

tion 
neri 
iet 1 

l o f :  
ation Costs . . 

[%I " -  

l Rennes 

. ..- . . c .  

.. . I . .  
' ,: , I '. . 

: 1. . . - ,, .. 
:..; 

" I . 'I .. 
... . ~re'noble l I . l ~ V W  . . :,> ,,. .- I. ; . 

. ' . Toulouse a( ' '' , 
Average 0 lssy . . 
IIIIIII-IIIIIIIIIIIII 

Besancon tg--i-gg l Metz 
St-Quentin . . l . . I -  . 

l St-Ouen I. + Mulhouse I 
I 

Lyon. I l Rouen 

I '  
I 
'I Steam Sales 

. . 9, .: . . . . ,  : ...,&. " . . . .,>. , . .  . 
'as % of Total 

I ' I I I 1 I I I .: . I  Steam Production 
10 20 30, 40 50 do 70 80 90 100, Capacity : . 

Source: Hagler, Bailly & Company 
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Exhibit 10 

Performance of Waste-to-Energy Systems in. France 
(between 1970 and 1975) 

Portion of 
Incineration 
Costs Offset 

. . 

Return on 

. . 
' . .li.lcremerital " 

:. ' ?  .. . 'Investment (%I 



Exhibit 11 

Waste-to-Energy System Costs Versus 
Costs of Other ~echnol,o~ies 

Photo- 
voltaic 

Ethanol 
from corn 

High-Btu 
gas from 
coal 

Direct gasoline 
from coal 

Coal 
liquids 

Upgraded 
shale oil 

LOW-Btu 
gas from 
coal 

, Oil from 
tar sand 

1 of ail 
ib L L 40 i0 $0 jO i o  Sb I i i o  i i o  i i o  1s , ~ n i $ o  I ~ O  1'80 1'90 1 equivalent 

100 200 

SOURCE: Haglor, Boilly.& Company. , 
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EUROPEAN WASTE-TO- ENERGY 
KNOW-HOW 

Richard B. Engdahl and P h i l i p  R. Be1 t z  

' . B a t t e l  l e  ,Col umbus Labora tor ies  
Col umbus, Ohio 43201 

ABSTRACT 

Th is  paper summarizes a two-vol ume eval u a t i o n  of European 
r e f u s e - f i r e d  energy systems design p rac t i ces  observed i n  v i s i t s  
i n  1977 t o  f i f t e e n  (15) European r e f u s e - f i r e d  steam- and hot-  
water generators. 

A major impetus f o r  t h e  development o f  European waste-to- 
energy systems was the  f i n d i n g  ' t h a t  i t  i s  poss ib le  t o  c o n t r o l  
a i r  p o l l u t i o n  f rom the  burn ing  o f  wastes i f  t h e  d i r t y  exhaust 
gases a r e  p a r t i a l l y  cooled i n  a b o i l e r .  Concurrent w i t h  t h i s  
i n f l u e n c e  was the  disenchantment w i t h  o l d  leach ing  l a n d f i  11 s as 
a long-range s o l u t i o n  t o  the  so l  i d  waste problem i n  very 
crowded coun t r i es .  , . 

The major conclus ion i s  t h a t  the  mass-burning of unprepared 
munic ipal  s o l i d  waste i n  heat  recovery b o i l e r s  i s  w e l l  establ ished,  
and can be a techn ica l  l y  re1  i a b l  e, envi ronmental l y  acceptable and 
economic s o l u t i o n  t o  the  problem o f  d isposal  o f  s o l i d  wastes. 
When the  c o s t  i s  considered o f  upgrad i r~y  ~ u r r e n t  l a n d f i  11s and 
es tab l i shed  new l a n d f i l l s ,  these mass burn ing  waste-to-energy 
sys tems a re  expected t o  compare 'more economical l y  w i  t h  t r u e  
s a n i t a r y  l a n d f j l l s .  

Many European areas a r e  moving s t e a d i l y  i n  t he  d i r e c t i o n  o f  
Energy and Environmental Parks t h a t  o f t e n  i nc lude  re fuse  burning, 
e l e c t r i c i t y  product ion,  sewage d isposal ,  i n d u s t r i a l  waste pro- 
cessing and steam generat ion and hot-water  d i s t r i c t  heat ing.  

Many ' cond i t i ons  i n  t he  U.S. have favored l a n d f i  11 i ng, hence 
waste-to-energy has n o t  advanced as r a p i d l y  as i n  Europe, b u t  we 
a re  moving r a p i d l y  toward minimal l a n d f i  11 s i t e  avai  1 ab i  1 i t y  i n  
most o f . o u r  me t ropo l i t an  areas. Hence the  lessons t h a t  h'ave 
been learned i n  80 years o f  r e f u s e - f i r e d  energy p l a n t  (RFEP) 
experience I n  Europe can be e f f e c t i v e l y  u t i l i z e d  by many 1I.S. 
commun i ti es . 



INTRODUCTION 

For many reasons U. S. devel opment o f  waste-to-energy sys tems has 1 agged 
behind t h a t  o f  Europe. Th is  p r o j e c t  was undertaken t o  a s s i s t  American 
decision-makers and system designers i n  app ly ing  the  European know-how t o  
U.S. cond i t i ons .  

This  paper i s  presented t o  high1 i g h t  t he  p r i n c i p a l  r e s u l t s  from 15 
t r i p  r e p o r t s  and 4 eva lua t i on  volumes t h a t  we submitted t o  EPA i n  1979 
cover ing  ex tens ive  v i s i t s ,  du r ing  1977 t o  15 o f  t he  most advanced waste-to- 
energy p l a n t s  i n  Europe. 

I t  i s  a p r i v i l e g e  t o  here summarize the  combined 'know-how o f  hundreds o f  
d i l i g e n t  devel.opers i n  t h i s  f i e l d ,  many o f  whom were u n t i r i n g l y  generous i n  
answerfng the  count less  quest ions we had t o  pose i n  t he  course o f  t h i s  i n -  
v e s t i g a t i o n .  I n  many cases we were handed ex tens ive  i n t e r n a l  repo r t s  con- 
t a i n i n g  extremely h e l p f u l  data on impor tan t  problems t h a t  had been 
encountered a long ' w i t h  data on t h e i r  so lu t i ons .  Without a1 1 o f  t h a t  

', generous sha r ing  o f  know-how our  task would have been g r e a t l y  impaired. 

OBJECTIVE 

The o b j e c t i v e  o f  t h i s  research was to de f ine  the  c u r r e n t  bes t  p r a c t i c e  
i n  European waste-to-energy technology and t o  i l l u m i n a t e  those design de- 
t a i l s  and ope ra t i ng  p r a c t i c e s  t h a t  deserve spec ia l  a t t e n t i o n  i n  t r a n s f e r r i n g  
t h a t  technology t o  U.S. cond i t ions .  

America has entered a new -phase o f  i t s  h i s t o r y  i n  which energy values 
must be conserved. Th is  study.was undertaken t o  he lp  u t i l i z e  European know- 
how i n  app ly ing  waste-to-energy systems i n  t h e  U.S. 

GENERAL CONCLUSION 

The b e s t  of t he  European systems a r e  clean, r e l i a b l e ,  good'neighbors., 
They are n o t  cheap, b u t  they serve t h e i r  pr imary. purpose o f '  environmental l y  
acceptably  d ispos ing  of .munic ipa1 s o l i d  wastes a t  an average n e t  c o s t  of 
$16 per  ton.  . . 

DEVELOPMENT OF THE SYSTEMS 

I n  many c i t i e s  o f  Europe t h e  pr imary m o t i v a t i o n  f o r  b u i l d i n g  waste-to- 
energy systems has been the  need t o  mi.nimize' two problems o f  l a n d f i l l s :  

1. , Growing s c a r c i t y  o f  a.vai 1 ab le  1 and space i n  crowded 
me t ropo l i t an  areas, and 

2. Leaching from expanding l a n d f i l l s  . i n t o  sur face waters 
and groundwaters. 



A l o g i c a l  choice t o  minimize the  weight  and volume o f  wastes was the  
combustion method. However, energy recovery from t h a t  combustion process was 
a secondary r e s u l t  o f  environmental demands on the  re fuse  combustion systems. 
I n  o rde r  t o  achieve h i g h l y  e f f e c t i v e  removal o f  f l y a s h  from the  combustion 
exhaust gases i t  was necessary t o  cool  them. I n  a few smal l  p l a n t s  i t  has 
seemed j u s t i f i a b l e  t o  cool  the  high-temperature gases by means of water 
sprays o r  by d i l u t i o n  w i t h  a i r .  However, these waste fu l  methods a re  l ess  
and l e s s  defensib le as a l l  energy cos ts  cont inue t o  r i s e .  Accordingly,  t he  
p r i n c i p a l  c o o l i n g  method adopted i n  Europe was t o  pass the  h o t  gases through 
a b o i l e r ,  so t h a t  the  heat  from the  gases cou ld  be conserved t o  generate h o t  
water o r  steam. This cou ld  be a low-pressure, f i r e t u b e  b o i l e r ,  o r  a h igh-  
pressure b o i l e r .  Where the  steam needs t o  be generated a t  h igh  pressure and 
h igh  temperature, which i s  requ i red  f o r  e f f i c i e n t  p roduct ion  o f  e l e c t r i c i t y ,  
a  water-tube b o i l e r  must be w e d  t o  con ta in  the  h igh  pressure safe1.y. Th is  
bas ic  f a c t  then l e d  t o  adapta t ion  t o  re fuse  burn ing  o f  the  water-tube-wal l ,  
bo i l e r - f u rnace  which had a l ready  been developed f o r  f o s s i l - f u e l  app l i ca t i ons  
i n  the  U.S., and i n  Europe. However, re fuse  i s  n o t  coal ,  and the  adapta t ion  
t o  re fuse  burn ing  c a l l e d  f o r  s k i l l e d  i nnova t i on  and development. 

I n  some respects, munic ipal  s o l i d  waste (MSW) i s  very s i m i l a r  t o  h igh-  . 
ash, high-moisture, noncaking, low-heat-value coal .  However, i t  i s  b u l k i e r  , 

"-- 
and much, more va r iab le .  The a1 k a l i s  i n  the  ash promote ' ~ l a g g i n g .  Also MSW. 
conta ins more ch lo r i des  which a re  co r ros i ve  i n  h igh  temperature b o i l e r s  and 
i n  wet f lue-gas scrubbers. Most o f  the  European manufacturers o f  waste-to- 
energy equipment have evo1.ved impressive sys tems t o  cope re1  i ab ly  w i  t h  most 
o f  these d i f f i c u l t  fea tures  o f  munic ipal  s o l i d  wastes. 

Increas ing  Heat Values 

Another unan t i c i pa ted  d i f f i c u l t y ,  which now i s  h i s t o r y ,  was the  d i s t i n c t  
increase i n  heat  value of  European re fuse  over the  years. 

F igure  1 shows the  t rend  o f  heat  value o f  re fuse  from var ious c i t i e s  
from 1955 t o  1975. Thus, w h i l e  the  equipment f o r  r e l i a b l e  c lean mass burn ing  

' 

was being evolved, the  r i s i n g  heat  value o f  t he  f u e l  caused many d i f f i c u l t i e s  
frurr~ uver-treiil-iiig o f  furnaces, b o i l e r s  ?nd p r e c i p i t a t o r s .  Now the  t rend  . - 
appears t o  have lev 'e led o f f  a t  a  heat  va lue i n  the  same range as t h a t  f o r  
US-MSW, and many . o f  the  systems t o  be descr ibed l a t e r  a re  demonstrat ing 
h i g h l y  r e l i a b l e  performance. 

F igure  2 shows a t y p i c a l  design o f  a modern European p l a n t .  

The p l a n t s  we observed and repo r ted  on were the  vendor 's s e l e c t i o n  o f  
t h e i  r t y p i c a l  bes t  s ta te -o f - t he -a r t .  

. I n  o r d e r . t o  h i g h l i g h t  the  main p o i n t s  learned, Tables I, 11, and 111, 
and the  f o l l o w i n g  d e s c r i p t i o n  summarizes some o f  the  unique fea tures  o f  t he  
p l a n t s  v i s i t e d .  



Werdenberg-Leichtenstein 

This p lan t  has already been shown in  Figure 2. I t  i s  very small--132-ton- 
per-day capaci ty ,  only 26,000 tonslyear.  I t  supplies process steam, d i s t r i c t  
heat ,  and has 0.85 mw generating capacity;  a jewel of a p lant  serving 76,000 
people in a gorgeous a lp ine  valley.  I t  i s  the  highest cos t  p lant  v i s i t ed ,  
with a net  disposal cos t  of $48.25 per ton. Being very clean,  i t  preserves 
the  environment of  t h a t  lovely valley.  

Baden-Brugg, Switzerland 

This i s  a1 so small ,  though about twice the  capacity a t  '~e rdenberg ,  b u t  
burns only 41,000 tons per year.. Net di sposal cos t  s l  i  ghtly above average, 
$18.63 per ton. The principal  use of steam i s  f o r  generation of e l e c t r i c i t y ,  
capacity 5.2 mw. I t  i s  contiguous. with; but .operated separate ly  from,. a 
hazardous waste pr.ocessing p lan t  which serves a broad area of Switzerland. 
Some steam goes t o  t h a t  p lant  and t o  the  adjacent  wastewater treatment .plant. 

Dussel dorf ,  West Germany 

Relat ively old ,  t h i s  i s  the  s i t e  of development of the r o l l e r  g ra te  from 
1960 t o  1965. From t h i s  development have come about 50 r o l l e r  g ra te  un i t s  
around the world, including a new one a t  Singapore, 1200 tons per day. 

High pressure,  high temperature steam, 932 F (500 C )  i s  required by the  
steam user,  which i s  the  ex i s t ing  municipal coal - f i red  power plant  a t  
Flingern, one-half mile away. The f i ve  bo i le r s  a t  t h i s  p lant  a r e  vulnerable 
t o  superheater  and wall-tube corrosion. Much has been learned about cor- 
rosion prevention a t  t h i s  p lan t ,  and t h a t  knowledge has been generously shared 
with v i s i t o r s ,  i n  many in ternat ional  meetings, and in numerous publicat ions.  
A s ix th  bo i l e r  has been added s ince  our v i s i t .  

Baled scrap iron i s  produced from the  residue as shown in Figure 3. 

Wuppertal, West Germany 

This i s  a new ro l l e r -g r a t e  p lant ,  operated below f u l l  capacity owing t o  
the  need t o  r e s t r i c t  emissions while f l u e  gas scrubbers were being i n s t a l l ed  
and developed. I t  had a very high cap i ta l  cost--$89,582 per ton 
(1 971 do1 1 a r s )  . 

Krefeld, West Germany' 

This i s  another new rol l e r -g r a t e  plan't, w i t h  two un i t s ,  and provision 
f o r  a t h i rd .  'This p lan t  i s  pioneering. a unique method of co-di'sposal (sludge, 
and MSW) suspension drying of cen t r i  fugal l y  dewatered sludge in .ho t  f l  ue 
gas, followed~immediately by suspension burning of the 10 percent moisture 



) 1 udge f i r e d  Into  the  water-rube-wal l ed .  furnace above the burning refuse ,  
having the  pains of development of any innovative system. Performance data 
were not ava i l ab le  during our 1977 tour.  

,Par is :  Issy-1 es-Moul i neaux 

This p lant  i s  18 years old ( i n  1977), the  o ldes t  p lant  v i s i t ed  and the 
biggest ,  a 3-unit  t o t a l  capacity of  1635 tons per day, and burns  589,000 tons 
per year.  I t  supp.1 i e s  e l e c t r i c i t y  and d i s t r i c t  heat in  Par is .  The reverse- 
ac t ing reciprocat ing g ra te  has been so s a t i s f ac to ry  t h a t  the  newer Par is  p lant ,  

' Iv ry  (1969), uses the same gra te , .  only l a rger .  Each of , the  two un i t s  a t  the  
Ivry plant  has a capacity of 1200 tons per day. 

In .Par i s  the  maintenance o f .  a clean s tack i.s ' so  important t h a t  the  
p r ec ip i t a t o r  emissions a r e  measured once a month. 

Hamburg: Stellinger-Moor 

T h i s  i s  another re,verse-acting reciprocating g ra te .  Hamburg has had , .,,. ... 
experience .with waste-to-energy plants  s ince  1896. A major . e a r l y  problem 
was lack of heat .content . . in  the  refuse ,  therefore  the  Stellinger-Moor plant  
was designed in  1970 f o r  very low heat value, 3240 Btullb (7535 J l kg ) .  Now 
with s t e ad i l y  r i s i ng  heat value (more. paper, p l a s t i c s ,  l e s s  non-combustible) 
the bo i l e r  and p r ec ip i t a t o r  become overheated.. Such high flame and gas 
temperatures a l so  cause bo i l e r  corrosion. To protect  the p rec ip i t a to r ,  
water sprays had t o  be added t o  f u r t he r  cool the  bo i l e r  exhaust gases. . . 

Zurich-Hagenholz, Switzerland 

The newest u n i t  a t  Hagenhol z has a1 so. a reverse-acting reciprocat ing 
gra te .  Zurich has had long experience with waste-to-energy, beginning in  
1904. Since our v i s i t  in  June, 1977, the  accumulated success and experience 
a t  Zurich has culmfnated in the construction of the  f i r s t  l i n e  of a new 
plant  a t  Josef s t r a s s e ,  capaci' t y  of 51 1 ' tons per, day, .i r l  a11 i rdus tibidl area 
near the  c i t y  center .  I t  began operation..  December, 19.78. 

The manager o f  these plants ,  Mr. Max Bal tensperger, takes an unusually 
ac t ive  pa r t  i n  the  p1anning;design and operation of these  plants .  Much has 
been learned there  and successfully applied 'regarding design f o r  minimal 
tube corrosion. 

The Hague, Netherlands 

Bui l t  i n  1968, t h i s  p lant  has a l so  suffered from the steady r i s e  in heat 
value of European refuse.  I n s t a l l a t i on  of a fourth un i t  i n  1974 allowed 
reduction of the  load on the three  older  uni ts .  This has g rea t ly  reduced 
:orrosion and maintenance costs .  In the  new un i t ,  superheater corrosion has 
beer1 reduced by not placing i t  i n  the radia t ion sect ion of the  furnace b u t  
by locat ing i t  instead i n  a t h i rd  pass as shown in  Figure 4. Also, Kunstler, 
air-cooled,  sidewall blocks add t e r t i a r y  a i r .  



This p l a n t  s e l l s  e l e c t r i c i t y  t o  the  adjacent  o i l - b u r n i n g  munic ipal  power 
p l a n t  which imposes an unusual r e l i a b i l i t y  requirement;. i f  t h e  waste-burning 
p l a n t  f a i l s  t o  supply a steady ou tpu t  o f  a t  l e a s t  5.5 mw f o r  the  month, i t  
f o r f e i t s  a 6 percent  monthly bonus. Accordingly ,  the  management o f  th i ' s  
p l a n t  impresses on i t s  ope ra t i ng  s ta f f  the  importance o f  re1 i a b l e  operat ion.  . 

D i  eppe , France 

The p l a n t  i s  very  small , 120 tons per  day, and serves a cas ino- resor t  
town on the  Eng l ish  Channel. San i ta ry  park:  wastewater treatme'nt and 
i n c i n e r a t i o n  p l a n t s  together ;  considered essen t i a l  t o  upgrading. the  r e s o r t  
environment. A l l  o f  t h e  low-pressure steam generated i n  a, f i r e - t u b e  b o i l e r  
f o l l o w i n g  a r e f r a c t o r y  Turnace goes t o  d ry  sewage sludge t o  40 percent  
moisture.  The s 1 u d g e . i ~  then f e d  w i t h  the  r e s i d u e ' i n t o  the  furnace. 

Nearby, a t  Deauv i l le ,  i s  a s i m i l a r ,  newer, very a t t r a c t i v e  s a n i t a r y  park 
w i t h  a co-disposal p l a n t  l oca ted  i n -  a r e s i d e n t i a l  area. F igure  5 shows a 
view o f  t h e  neighborhood from the t i p p i n g  h a l l .  This  e n t i r e  waste. t reatment  
park must be clean. As a t  Dieppe, most o f  t h e  waste-derived energy goes t o  . , ,  

'. .. 
' t he  s l  udge' d ryer .  . .. 

Gothenburg, Sweden 
I 

This p lan t ,  near the  west coast  o f  Sweden, i s  a p a r t  o f  t he  l a r g e s t  
high-temperature hot-water  heat ing  system i n  Europe. The t o t a l  heat ing  
system depends main ly  on imported o i l ,  b u t  t he  242,000 tons per  year  o f  
re fuse  burned supp l ies  4 percent  o f  t h a t  system's t o t a l  energy. As o i l  
cos ts  escalate,  t h i s  p l a n t  i s  becoming an i n c r e a s i n g l y  valued p a r t  o f  t he  
energy system. 

Uppsala, Sweden 

This, too, i s  .a p a r t  o f  an impressive, o i l - f i r e d  d i s t r i c t  heat ing  com- 
p l e x  n o r t h  o f  Stockholm. Water-tube, waste heat b o i l e r s  a r e  used f o r  
generat ing sa tura ted  steam a t  moderate pressure to .p roduce h o t  water f o r  
d i s t r i c t  .heat ing;  some. of t he  steam goes . t o  i n d u s t r i a l  p l a n t s  nearby 
manufactur ing pharmaceuticaTs, processed meat, and baked goods. About 
5 t o  10 percent  of t he  t o t a l  energy generated i n  t he  complex comes from the  
bu rn ing  o f  re fuse.  

Horsens, Denmark 

This i s  another smal l  p l a n t ,  120 tons per  day, which uses most of the  
waste-generated h o t  .gases f o r  d r y i n g  sludge i n  a r o t a r y  k i ' l n  t o  the p o i n t  
where i t  can be l a n d f i l l e d  nearby.. Hot water  f o r  d i s t r i c t  heat ing  i s  
generated i n a f i  re -  tube bo i  1 e r  f o l  1  owi ng a r e f r a c t o r y  furnace. 



~op ienh i~en ,  Denmark 

Two large and impressive modern plants a t  Copenhagen, b u i l t  in  1970, 
Amager'and West, together burn 500,000 tons per year t o  generate not steam, 
b u t  high-temperature hot water, 250 t o  340 F (120 t o  170 C ) ,  f o r  use in 
d i s t r i c t  heating based on the  foss i l - fuel  burning municipal power plant  
adjacent t o  the Amager resource recovery plant .  These plants u t i l i z e  a 
rotary ki ln  following the  reciprocating grates  t o  complete the  burnout of 
the residue. 

GENERAL CONSIDERATIONS 
1 

Grates , 

There i s  a wide range of grate-design concepts f o r  achieving motion of . 

the 'heterogeneous mass of .burning refuse'. . Almost ..a1 1 furnaces have a ram- 
type refuse feeder t o  .achieve posi t ive  entry  of refuse onto the  grate .  The 
grate  motion-then ensures movement of the  refuse along the  grate  surface.  . 

Virtual ly  a l l  gra tes  a r e  s teeply  sloped, up  t o  30 degrees to  a id  the move- 
ment of the  burning-refuse  from f ron t  to  back of the furnace'; 

All gra tes  observed provide ag i ta t ion  of the  burning mass. This i s  in 
recognition of the  need t o  do two things:  

i 

0' Continually expose f resh surfaces to. igni t ion and to  a i r  flow . * 

Keep f i 1 l i n g . i n  voids t h a t  form rapidly  when zones of lightweight;: .. 
highly-combustible material burns. Through these voids primary 
a i r  may bypass the  burning bed unless such holes a re  promptly 
f i l l e d  by rearrangement of the  h.eterogeneous mass. 

Even the older  t ravel ing gra te ,  which provides no fuel bed ag i t a t i on ,  
was i r ~ s t a l l e d  as a multiple s e r i e s  of stepped t ravel ing grates  so t h a t  as the  
burning refuse tumbled from one grate  t o  the  next, there  was momentary 
ag i ta t ion  and rearrangement of the bed. 

Tube' ,Corrosion 

LOW temper.dtur'e h'eating boi lers  usually operate we1 1 below the  tube 
temperature range where corrosion may begin t o  become. a problem, 600 F 
(315 C ) .  

High temperature, power-generating plants usually generating steam over 
750 F ' (400 .C) ,, have encountered corrosion by chlorides. from the  wastes. 
Many techniques have been evol ved . t o  .prevent corrosion, most, prominent of 
which are.: 

1.  Si l icon carbide coating on furnace wall tubes d i r ec t l y  , 
exposed t o  flames. 



2. Remote location of the superheater in the second or 
third boi ler  pass t o  1 imi t i t s  exposure to  flames or 

'excessive temperatures 

3. Tube shielding on part icular ly vul nerabl e superheater tubes 

4. Minimal use of steam j e t  soot blowers for  tube cleaning so as 
to  maintain a protective ash coating. 

Secondary Air J e t s  

  gain' borrowed from coal-burning practice, well established since the, 
f i r s t  crude j e t s  were applied to  coal furnaces i n  England i n  1858, overfire 
j e t s  have been found essential  t o  completing combustion in waste burning. 
This i s  s t i l l  an a r t ,  with differing.experiences and opinions about j e t  
character is t ics ,  s i ze ,  number, a i r .  velocity, and location. B u t  there i s  
general agreement tha t  the jntense mixing of burning furnace gases i s  
essent ia l ,  and best provided by overfire a i r  je t s .  Further research i s  
needed to help ref ine the a r t .  

.L 

Pol 1 ution Control 

As was s tated before, the main point i n  incorporating boilers with these . 
waste burners was to  thereby cool the hot, dusty gases ' to  below 500 F (260 C), 
so that  high efficiency e lec t ros ta t ic  precipitators would survive. 

- 
The dust collection eff ic iencies  a t  these plants ranged up  to  99+ - 

percent. In most, b u t  not a l l ,  countries of Western Europe, the allowable 
par t iculate  emiss i~n  l imit  i s  moderate. aho~rt. fl.fl7 grain sc f  (170 m l l / ~ m 3 )  
corrected t o  12 percent C02. 

Although the l imits  are  not that  s t r ingent  i n  France, the plants in 
Paris demonstrate an unusual concern for  clean a i r ;  t he i r  precipitator 
emissions are  checked every month by a stack t e s t  team and average 0.026 to 
0.04 grlscf (60 to  ,100 rngl~m3). 

As was mentioned e a r l i e r ,  some of the other,  e a r l i e r  designed plants, 
have suffered from excessive flue-gas temperatures because of the steady r i s e  
in heat value of the refuse. As a r e su l t ,  the temperature entering some 
precipitators has exceeded 500 F (260 C ) .  This has caused severe corrosion 
and costly maintenance a t  those plants. Plants designed for  the higher heat 
values have had no precipi ta tor  corrosion problems. 

Acid Gases 

A1 though on th i s  survey a1 1 env.i ronmental agencies vi s i  ted were found 
t o  be a l e r t  t o  the pollutant potential of hydrogen.chloride, hydrogen 
fluoride and, t o  a minor extent,  sulfur  dioxide from refuse burning, only 
West Germany has, as part  of i t s  TA Luft regulation announced in 1974, 
required tha t  new or.expanded plants must remove 90 percent or more of these 
gases from .exhaust. To meet this. requirement, a1 1 new plants in Germany have 



nstalled wet scrubbers. While HC1 and HF a re  easy to  scrub, corrosion of 
the scrubbers has developed as a major obstacle. Incidental ly ,  these 
European ins t a l l e r s  of scrubbers apparently-paid l i t t l e  attention to  the 
uniformly unsatisfactory experience with wet scrubbers in American incin- 
erators  .as described repeatedly by Velzy over the past 5 years. 

Now in Europe, as in the U.S., some plants are trying dry "scrubbers". 
This i s  an a t t r ac t ive  concept which depends on the spray of an alkaline 
liquid into the hot gas stream, which evaporates and reacts to  create a . 
chloride and fluoride powder that  can be cleaned from the gases. I t  i s  too 
early t o  t e l l  how th i s  will work out . in actual practice. 

Meanwhile, we learned of no agency which i s  monitoring chlorides or 
fluorides in the ambient a i r ,  probably because the levels are too low to 
detect w i t h  commercially available air-monitoring instruments. The German 
res t r ic t ion  was apparently imposed simply because i t  seemed bet ter  not to  
have HC1 and HF in the a i r ,  regardless of the i r  generally innocuous levels.  

Costs 

We were surprised t o  discover l i t t l e  evidence of economies of scale. We 
did observe widespread evidence of consummate pride in these clean f a c i l i t i e s ,  
often located very near to  residential  areas. This pride was f i r s t  very 
obviously manifest in t h e  design stage, resulting in more elaborate and 
expensive f a c i l i t i e s  a t  the larger plants. For example: 

1.  Closed c i r cu i t  TV for  the operator of the scale for  observing 
incoming t r a f f i c  

2. Furnace surveillance by TV 

3.  Luxurious, carpeted conference rooms 

4. Mechanical s t r e e t  sweeper a t  one plant to  keep the 
tipping hall clean 

5. Elaborate magnetic separation and baling of s teel  scrap 
from the burned residue a t  some plants 

6,. Extensive and very a t t r ac t ive  landscaping a t  some larger plants. 

Figure 6 shows the relat ively uni.form net cost pe.r ton' of waste pro- 
cessed regardless of s ize.  

WHAT HAVE THE EUROPEANS LEARNED? 

1. Waste i s  a d i f f i c u l t  fue l ,  b u t  i t  can be u t i l ized  fo r  energy 
recovery in an environmentally acceptable manner, often 
even when located in the midst of residential  areas. 



2. These p l a n t s  a re  too  ,small t o  generate e l e c t r i c i t y  economical ly ,  
hence where the re  i s  year-round demand'for h o t  water o r  steam ' 

f o r  process o r  d i s t r i c t  heat ing, t he  expense o f  steam-turbopower 
generat ion i s  quest ionable.  However, as energy cos ts  cont inue 
t o  r i se , .  the  gain i n  annual e f f i c i e n c y  made poss ib le  by co- 
generat ion, w i l l  f a v o r  the  more complex p lan ts .  

3. Processing o f  t h e  burned g ra te  res idue i s  o f t e n  economical ly 
f e a s i b l e  t o  recover  use fu l  s tee l  scrap and coarse aggregate 
s u i  tab1 e f o r  road b u i l d i n g ,  p a r t i c u l a r l y  where l a n d f i  11 costs 
f o r  t h e  f i n a l  res idue are  high. 

ALTERNATE METHODS 

Compos t i ng 

Many o f  t he  c i t i e s  v i s i t e d  had l ong  experience w i t h  composting b u t  uses 
f o r  the product  d i d  n o t  grow as the  volume o f  re fuse  grew, hence mass 
burn ing  was the  o n l y  es tab l i shed  a l t e r n a t i v e  ava i l ab le .  

P y r o l y s i s  

There i s  much i n t e r e s t  i n  t h i s  sub jec t  b u t  none o f  t he  p l a n t s  being 
t r i e d  i n  the  U.S. and i n  Europe have demonstrated s a t i s f a c t o r y  operat ion.  

RDF 

There i s ,  as y e t ,  1 i t t l e  i n t e r e s t  i n  RDF i n  Europe because o f  the  wide- 
spread success o f  mass burning. Some i n d u s t r i a l  p l a n t s  i n  England a re  
us ing  RDF f o r  steam product ion  and one cement p l a n t  t he re  uses RDF. 

CONCLUSIONS 

1. Europe was fo rced  to .p recede the  U.S. i n  developing 
these waste-to-energy systems.because they wanted, 
no more: 

a. Leachable 1 a n d f i  11 s 

b. Old b r i c k  i n c i n e r a t o r s  spewing f l yash.  

As a t e r t i a r y  i n f l u e n c e  they h a d . t o  conserve energy, which 
has l ong  been much more c o s t l y  t h e r e  than i n  the  U.S. 

2. A v a r i e t y  o f  systems have been demonstrated a s , f e a s i b l e .  , 

Each has i t s  p lace  f o r :  



a. E l e c t r i c  power generat ion and d i s t r i c t  heat ing, o r  

b. Steam heat ing  only,  o r  

c. Water heat ing  only,  o r  

d. Thermal sludge d r y i n g  and burning. 

There are  sound, workable v a r i a t i o n s  o f  these methods s u i t a b l e  
f o r  most app l ica t ions . .  
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TABLE I. SUMMARY DATA OPI THE 1.5 SURVEYED' PLANTS V I S I T E D  ' (1 977) 

Number o f  Capaci ty 
S t a r t  Un i t s  and . D a i l y  Actual  9esign Steam Max. Elec. 
u ? Design Cap. Design 1976 Cao. Yt /h  Steam Press Steam Temo. Gen. C a ~ a c .  

P l a n t  Name Mfr .  Date Mt/h Mt. MtIYear.  Nom. Max. atm. p s i g  C F MW 

-r 
Yerdenberg, Swi tzer land W&E . 1974' ' 1 x5 120 26,018 12 16 39 570 395 ..740 0.85 

Baden-Brugg, ~ w i  t z e r l a n d  . If&E 1970 2x4 200 41,693 11.4 -- 4 0 '  590 400 752 ' 5.2 

i lussel.dorf, Germany V KkJ 1965 4x10.1x12:5 1:260 297,359 89 9 4  80 1160 500 932 50 

Xrefeld,  Germany . V KH 1976 2x1 2 560 114,000 , 4 2  - - 23 -- 376 700 2.8 

!duppertal , Germany V K!4 1/76 4x1 5 14?0 178,000 202 -- 29 425' 340 644 40 

Issy-le-Moulneaux, France f4art in 1965 4x1 7 1635 , 588,904 160 168 53 780 410 770 2 5 

~ u r i c h - ~ a g e n h o l  z ,  Sweden f . lar t in 7/73 1 .~21 . 380 223,595 38 -- , 45 669 420 750 12 

Hamburg-Stellinger-11. ,Gmy. M a r t i n  11/73 2x24 1183 ' 420,680 80 ' -- 52 764 419 770 16.5 ' 

The Hague, Netherlands V-R' 1968 4x1 5 1440 229,000 150 -- 40 566 425 797 2 3 

i 6 .Di eppe, France V-R 1974 2x2.8 134 14,892 15 -- 217 183 , 356 0 

Oeauvi l le,  France V-R 1976 2x2.8 134 -- 15 -- . 16 217 133' 356 , 0 

Gothenberg, Sweden B&S 1970 3x12.5 900 . 242,536 157.5 -- 22 309 214 417 0 

Uppsal a, Sweden 

Horsens, Denmark 

Cophgn:. - Amager, Denmark Vol und 1970 3x1 2 864 ' 255,000 H!I - - -- . -- -- -- . 0 

Cophgn. - Ilest, Denmark Volund 1970 3x1 2 864 234,230 HY -- . -- -- -- -- . 0 

d 

' * 



. . TABLE 11. SUMMARY OF CAPITAL I?IVESTMENT 

Cost i n  
IJei ghted Average U.S. D o l l a r s  Cap i ta l  Cost 

Year ' o f  Investment Exchange i n  IJeighted Actual  1976 Shor t  Tons Per D a i l y  
Used t o  Se lec t  Rate, Ave. Year lit Shor t  Tons Per Day a t  Ton Capac i ty  

P l a n t  Exchan~e Rate U.S. $ U.S. $ Per Year Per Year 365 DayslYr. US $ 

Dussel d o r f  1967 3; 999 . 1 1 ,'578 ,.!I00 '.297,359 327,095 896 12,920 . 

K r e f e l  d 1976 2,363 25,391,001) 114,000 125,401) 344 73,905 

Pari;: I s s y  1962 4.990 22,449,000 588,934 647,794 1,775 12,649 
P 
ul 

Hamburg 1971 2.622 18,307,000 420,650 462,748 1,268 14,440 

Zu r i ch  1970 4.316 13,831,900 223,595 245,955 674 20,525 

The Hague 1970 C .598 17,237,003 229,000 251,900 690 24,976 

o . i e ~ ~ e  . . 1969 5.558 1,562,390 

: Gothenburg 1.971 L .853'. 20,173,000 
. , 

l lppsa la  IS67 5.165 . .  2,139,000 

Horsens 1 P75 6:173 2,946,1)90 18,909 20,800 . 57 . . 51',697 

Coph. Amager 1971 6,290 25,056,030 255,000 280,590 768 32,604 
. .  

Coph. blest . 1971 6,843 29,954,000 234,230 257,653 ' 706 42,434 

TOTAL 

K~ERAGE 



- . .  
. . . . 

.. . . . TABLE 11 I. SUMWRY OF REVENUES FROM' 15 EUROPEAN REFUSE . . 

TO ENER3Y PLANTS (U.S. 1976 $ PER TON) 

. . 

Sa le  o f  
Scrap I r o n  .. Net  Disposal I n t e r e s t  Sludge 

and Cost o r  on . ..  Des t ruc t i on  Other . T o t a l  , 

. Road Ash Sale o f  Energy(b) T ipp ing  Fees Reserves C r e d i t  Revenues Revenues 
. .. 

Werdenberg-Liechtenstein 

Baden-Brugg 

Duessel dor f  

Yupper ta l  . . 

K r e f e l  d 

Pa r i s :  I s s y  

Hamburg : S t e l  1 i nger-Moor 

Z u r i c h  : Hagenhol z . . 

The Hague 

Di  eppe - - - - - - - - -- . - - - - ? 

Gothenburg - - 8.17 !,: 19.34 - - - - - - 27.51 

Uppsal a - - 11.70 S . .  . 6.33. - - - - 18.53 

Horsens . . - - 9.37 !a1 15.21 - - 3.12 - - 27.70 

Copenhagen:Amager - - 3.00 !.I 16.57 ' 9.63 . - - . . 2.16 22.36 

Copenhagen.:West . ' . , . 0.15 - 6.78 - !4 ,18.15 2.58 - - - .  0.38 28.04 

AVERAGE . 0 . 3 9  . "7.38 W,S,E 18.83 1.07 . .3.12 , 0.91 28.43 

(a )  W: Hot Water; S: Steam, E: E l e c t r i c i t y .  . 

( b )  Data f o r  1975. 
. . 

. . 



Fi.gure 1. Trend o f  Heat Value i n  Refuse a.t European C i t ies .  
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1 Detivery Area 
2 Bunker Door 
3 Refuse Bunker 
4 Crane Pulpit 
5 Crane 
6 Refuse Grab Bucket 
7 Charging Hopper 
8 Incinerator Furnace 
9 Step Grate 

10 Ash Hopper >e 18 Steel Chimney 
11 Residue Chute 19 Hot Water Heater 
12 Residue Basin 20 Feed Water Tank 
13 Residue Conveyor Belt 21 Turbogenerator 
14 Steam Boiler 22 Collected Flyash Conveyor 
15 Air Cooled Condenser 23 Feedwater and Heating Water 
16 Electrostatic Precipitator Pumps 
17 Exhaust Gas Fan 24 Oil-Fired Stand-by Boiler 

Figure 2. Sect ion Through a Typical  Waste-To-Energy P l a n t ,  Courtesy 
Widmer + Ernst .  



Figure 3. Baled Steel Scrap Produced in thee Residue Processing Plant a t  
the Dussel dorf Waste-To-Energy Plant. 



THE HAGUE UNI 

1 Refuse pit 6 Burnout grate 
2 Vibrating hopper 7 Clinker pit 
3 Feed chute 8 Settling tank 
4 Feed grate 9 Clinker channel 
5 Main grate 10 Boiler 

1 1 Electrostatic precipitator 
12 Induced draft fan 
13 Stack 
-14 Forced draft fan 
15 Overfire air fan 

Figure 4. Section o f  Number 4 Bo i l e r  and Aux i l i a r i es  a t  The Hague, Showing 
the Superheater i n  the Th i rd  Pass. 



F1guf-e 5. V i m  o f  Nelghborhoodl from Tipping Wall at Deauville. 



Figure 6. Net Cost o f  Operation Versus Capacity. 
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Modern, c a r e f u l l y  designed and c a r e f u l l y  operated re fuse  combustion p l a n t s  
have proved t o  be good neighbors even i n  cent ra l ,  urban locat ions:  

For many years European re fuse  i n c i n e r a t i o n  p lan ts ,  p a r t i c u l a r l y  those 
w i t h  energy recovery, have been v i s i t e d  by engineers, governmental r e -  - 
p resenta t ives  and p r i v a t e  c i t i z e n s  f rom a l l  over the world. Today, we are 
pleased t o  have the  oppor tun i t y  here i n  t h e  Un i ted  States , to  r e p o r t  t o  a  
l a r g e r  audience .on one o f  the  most f r e q u e n t l y  v i s i t e d  mass burn ing systems: 
t h e  M a r t i n  System. 

Josef Mart i n  Feuerungsbau GmbH 

The f i r m  Josef M a r t i n  Feuerungsbau GmbH was founded i n  Munich i n  1925. I t s  
business i s  t he  cons t ruc t i on  o f  i n c i n e r a t i o n  p lan ts ,  p a r t i c u l a r l y  re fuse  
i n c i n e r a t i o n  p lan ts ,  and the  manufacture o f  M a r t i n  Reverse Act ing  Stoker 
Grates and M a r t i n  Ash Dischargers according t o  our  patents. Up t o  1980, 
more than 500 M a r t i n  Reverse Act ing  Stoker Grates and about 6,000 M a r t i n  
Ash Dischargers have been constructed. 

, " . . , :  . , 

The   art in f i r m  i s  s t ruc tu red  as an engineering b f f i c e  f o r  t he  planning, 
design, erect ion,  commissioning and acceptance o f  p l a n t s  us'ing t h e  M a r t i n  
System. Through long-standing agreements w i t h  we l l -es tab l ished and h i g h l y  
respected f o r e i g n  f i rms,  t h e  M a r t i n  System i s  used worldwide. M a r t i n  has 
concluded such an agreement w i t h  UOP Inc.  of,Des Plaines, I l l i n o i s  f o r  the  
Un i ted  States o f  America and o ther  countries'. 

I n  the  20 years be fore  the  founding o f  the M a r t i n  f i r m  a  very comprehensive 
experience was gained by i t s  founder, t he  l a t e  Josef Mart in ,  du r ing  design, 
cons t ruc t i on  and operat ion o f  approx'imately 20 re fuse  i n c i n e r a t i o n  p lan ts  
i n  d i f f e r e n t  European count r ies .  For instance, t he  so-ca l led  Cascade 
Stoker Grate f o r  re fuse burn ing was one o f '  h i s  (patented.) invent ions.  

3 .  . 

I n  t h e  years fo l l ow ing '  t he  founding o f  t h e  f i r m ,  t h e  M a r t i n  Reverse Ac t i ng  
Stoker ,Grate was used i n  i n d u s t r i a l  power pl.ants. Much experience was 
gained w i t h  t h e  combustion of low grade, h igh  ash and h igh  moisture content  
f ue l s ,  such as midd l ings  and s l u r r y  f rom coa l  washing, cokesf.ines, raw 
l i g n i t e ,  l i g n i t e ,  t ann in  bark,, wood waste, t r o p i c a l  f r u i t  waste and 
s i m i l a r  low grade f u e l s  (F igure  1) .  

Since 1960, t he  M a r t i n  Reverse Ac t i ng  Stoker Grate has been used main ly  f o r  
t he  i n c i n e r a t i o n  o f  munic ipal  and t rade refuse.  As seen i n  F igu re  2, t h e  
M a r t i n  system i s  i n  use around the  world. As o f  July,  1980 there  were 169 
Mar t i n  u n i t s  i n  opera t ion  o r  under cons t ruc t ion ,  w i t h  an accumulated 
burn ing capac i ty  o f  47,600 Mg (52,500 US tons)  per day. O f  t he  t o t a l ,  116, 
o r  68.6 percent  i nc lude  energy recovery. I n d i v i d u a l  u n i t  s izes  range f rom 
50 Mg (55 US tons)  o f  re fuse  per day up t o  the  l a r g e s t  u n i t s  i n  the  world, 
such as a t  t h e  I v r y  p l a n t  i n  Par is ,  where the  u n i t s  are designed f o r  1200 
Mg (1,320 US tons)  o f  re fuse  per day. 



THE MARTIN STOKER 

: HAS BEEN USED SINCE 1925 
FOR THE COMBUSTION OF 

LOW - GRADE FUELS 

HIGH - ASH 
HIGH -MOISTURE 

1 

SUCH AS " 

MIDDLINGS ) FROM COAL WASHING 
SLURRY 
COKE FINES 
RAW LIGNITE 
LIGNITE 
TANNIN BARK. 
WOOD WASTE ,~ 

TROPICAL FRUIT WASTE 
AND 

MUNICIPAL WASTE 
TRADE AND INDUSTRIAL WASTE 
SEWAGE SLUDGE (COFIRING) 

Figu re  1. Use o f  t he  M a r t i n  Reverse A c t i n g  S toker  Grate. 
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Figure 2. The Martin system All Over the World (Update August 1,980). 



The European Market 

I n  Europe, requests f o r  proposals f o r  re fuse  i n c i n e r a t i o n  p l a n t s  are 
u s u a l l y  done on a  turn-key basis .  The c l i e n t ,  which i s  genera l l y  a  p u b l i c  
body, assigns e i t h e r  the whole p r o j e c t  or  a t  l e a s t  the  complete e l e c t r o -  
mechanical p o r t i o n  o f  the  p r o j e c t  ( f rom t h e  crane i n s t a l l a t i o n  t o  t h e  stack 
and f rom the  feedwater treatment '  t o  the t u r b i n e  generator) t o  a  general 
con t rac to r  experienced i n  t h i s  spec ia l  f i e l d  o f  a c t i v i t y .  I n  coh t rac ts  f o r  
t h e  supply o f  re fuse  i n c i n e r a t i o n  p lan ts  us ing  i t s  system, the  M a r t i n  f i r m  
may act  as t h e  general cont rac tor ,  as a  partner,  t o  a  general con t rac to r  i n  
a  j o i n t  venture,or as a  subcontractor  f o r  i t s  s p e c i f i c  know-how and f i r i n g  
equipment t o  a  general con t rac to r  associated w i t h  Mart in .  

' 

The award o f  turn-key con t rac ts  f o r  re fuse  i n c i n e r a t i o n  p lan ts  has proved 
successfu l  i n  Europe because (1 )  t he  o v e r a l l  respons ib i  1  i t y  and coordina- 
t i o n  f o r  the  electromechanical p o r t i o n  and the  c i v i l  engineer ing work are 
i n  the hands o f  a  spec ia l i zed  general cont rac tor ,  (2 )  t he  general con- 
t r a c t o r  guarantees the  performance o f  a l l  p l a n t  equipment p a r t s  and the  
e f f i c i e n c y  and energy y i e l d  o f  t h e '  o v e r a l l  . p l a n t  and (3)  t h e  general 
con t rac to r  f o l l o w s  up the  schedule o f  work f o r  the  o v e r a l l  p lan t .  

Typ ica l  M a r t i n  P lan ts  

To in t roduce our technology l e t  us look a t  f i v e  M a r t i n  p lan ts  o f  d i f f e r e n t  
design and w i t h  d i f f e r e n t  app l i ca t i ons  o f  t h e  energy recovered. 

(1 )  Bazenheid, Switzer l-and (F igure  3 )  

This r e l a t i v e l y  smal l  p l a n t  comprises two un i t s ,  each w i t h  a  burn ing 
capac i t y  o f  84 Mg (93 US tons)  o f  re fuse per day. It i s  'r'n operati.on s  irrce . 
1976. The sa tura ted  steam (21  bars, o r  300 p s i g )  i s  supp l ied  v i a  steam 
l i n e s  t o  a  l a r g e  meat processing and sausage f a c t o r y  and t o  a  render ing  
p lan t .  

(2 )  Vienna-Spit telau, A u s t r i a  (F igure  4) 

Th is  p l a n t  w i t h  two un i t s ,  each having a  burn ing capac i ty  o f  360 Mg (400 US 
tons)  o f  refuse per day, i s  i n  opera t ion  s ince 1971. The sa tura ted  steam 
produced i s  f i r s t  used t o  d r i v e  a  back pressure t u r b i n e  genera to r -o f  2.5 MW 
capac i t y  fo r  i n - p l a n t  pofer resuirements and then i s  used i n  heat 
exchangers t o  p rov ide  170 C (338 F) ho t  water f o r  t h e  d i s t r i c t  heat ing  
system. 

(3 )  Hamburg-Stel 1  i nger Moor, German Federal Repub 1  i c  (F igure  5)  

This  r e f u s e - f i r e d  power p l a n t  w i t h  a  condensing t u r b i n e  generator conta ins 
two un i t s ,  each w i t h  a  burn ing  capac i t y  o f  450 Mg (500 US tons)  o f  re fuse  
per  day. I$ went Jn to  opera t ion  i n  1972. Steam i s  produced a t  41 bars (580 
ps ig ) ,  410 C (770 F)  and d r i v e s  the  16 MW tu rb ine .  The p l a n t  i s  capable o f  
being expanded by another two combustion un i t s ,  and a  second t u r b i n e  ,gener- 
a t o r  has a l ready been i n s t a l l e d  i n  1972. 



Figure 3. Bazenheid, Switzerland. Figure 4. Vienna-Spittelau, Austria m 



Figure 5. Hamburg-Stel 1 inger Moor, Germany. 



(4)  Zurich-Josefstrasse, Switzerland (Figure 6) 

I n  t h i s  plant, designed t o  contain two uni ts,  one u n i t  o f  450 Mg (500 US 
tons) o f  refuse per day burning capaci ty has been ins ta l led .  It i s o i n  
operation since 1978. Steam produced a t  37 bars (525 psig), 420 '~  (788 F) 
i s  del ivered t o  a tap-of f  condensing turbine, the capaci ty o f  which has 
been designed , f o r  the u l t ima te  p l an t  capaci ty o f  two combusti on uni ts.  
From t h i s  turbine, steam i s  taken o f f  f o r  an ,extensive hot  water d i s t r i c t  
heating system and f o r  various d i r e c t  steam users such as m i l k  processing 
and food fac tor ies .  

(5 )  Munich-North, German Federal Republic (Figure 7) 

I n  the two high pressure blocks o f  t h i s  power s ta t i on  (one block o f  68 MW' 
and one block o f  112 MW) refuse i s  burned on large Mar t in  Stoker Grates i n  
add i t ion t o  pulver ized coal. Block I, wi th  two refuse combustion u n i t s  
each having a capaci ty o f  600 Mg (660 US tons) per. day, i s  i n  operation 
since 1964. Block I1  w i th  a s ing le  refuse combustion u n i t  o f  960 Mg (1,060 
US tons) per day capacity, went i n t o  operation i n  1966. The heat from 
refuse i n  block I represents approximately 40 percent o f  the t o t a l  heat 
delivered, whi le  i n  block I1 heat from refuse represents approximately 20 
percent o f  the t o t a l  heat release o f  the  bo i l e r .  I n  add i t ion t o  e l e c t r i c a l  
energy, t h i s  power p lan t  de l ivers  hot  water i n t o  an extensive d i s t r i c t  
heating system. It may be o f  i n t e res t  t o  note t h a t  about 10 t o  12 percent 
o f  the e l e c t r i c  power requirement o f  the City o f  Munich i s  provided by 
refuse inc inerat ion.  

Mass Burning (Figure 8) 

A l l  o f  these p lants  have been designed as "mass burning" p lants  and 
equipped w i t h  Mar t in  Reverse Act ing Stoker Grates. I n  mass burning plants, 
the refuse i s  burned wi thout  pre-separation, wi thout  shredding and wi thout  
treatment, j u s t  as i t  i s  co l lec ted  by refuse vehicles and discharged i n t o  
the refuse bunker. It i s  burned on stoker grate f i r i n g  equipment, wi thout  
a u x i l i a r y  fue l .  This stra ight- forward burning technology has proved 
superior, not  only w i t h  regard t o  r e l i a b i l i t y  and a v a i l a b i l i t y  i n  opera- 
t ion,  but  a1 so when compared economical l y  w i t h  other disposal processes 
ava i lab le  i n  the market. 

The Mar t in  Philosophy (Figure 9)  . . 
Just as the heart o f  every power p l an t  i s  i t s  combustion equipment, the 
heart o f  the  Mar t in  System i s  the  Mar t in  Reverse Act ing Stoker Grate. 

Ten t o  twenty years ago, the primary goal i n  refuse p lants  was the hygienic 
disposal o f  municipal and t rade wastes. Today, the maximum u t i l i z a t i o n  o f  
the avai 1 able heat energy i s  o f  equal importance. Therefore, economy, 
a v a i l a b i l i t y  and continuous load have become essent ia l  requirements, f o r  
and are f u l f i l l e d  by the Mar t in  System. The s ta te  o f  development a t ta ined 
today by Mar t in  p lants  i s  comparable w i t h  t h a t  o f  modern thermal power 
p l an t  technology. 
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a CONTROL OF COMBUSTION PROCESS BY 

- LOAD - CONTROLLED REFUSE FEEDING 
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Figure 9 . .  Basic Aspects o f  M a r t i n  Stoker Technology. 



From the physical  po in t  o f  view, the Mar t in  design permits concentrated 
con t ro l  o f  f i r e  condi t ions and flame formation. Thus complete gas burn-out 
and complete residue burn-out are achieved. With regard t o  process engi- 
neering, con t ro l  o f  the combusti on process i s  accompl ished by 1 oad-con- 
t r o l l e d  refuse feeding, by grate ag i t a t i on  and by con t ro l led  admission o f  
both under f i re  and o v e r f i r e  a i r .  From a technological aspect, the modular 
design of the Mar t in  stoker grate permits the construct ion o f  u n i t s  over 
the widest range o f  capaci ty sizes. The thermodynamic e f f i c i e n c y  o f  the  
system i s  higher due t o  the f a c t  t ha t  the best possib le residue and gas 
burn-outs are achieved. 

The Mar t in  Reverse Act ing Stoker Grate (Figure 10) 

The Mar t in  Reverse Act ing Stoker Grate i s  i nc l i ned  from the refuse feeding 
end of the combustion chamber down toward the residue discharge end. Along 
i t s  length. are a l te rna te  rows o f  moving and f i x e d  grate  bars. The moving 
rows s lowly push upward i n  opposi t ion t o  the g rav i ta t iona l ,  downward- 
moving tendency o f  the layer o f  refuse. This br ings about constant 
s t i r r i n g ,  r o t a t i o n  and l eve l i ng  out  o f  the refuse bed. Glowing mass from 
the zone o f  intense combustion i s  continuously transported back underneath 
the f r e s h l y  fed  refuse a t  the f r o n t  o f  the grate. I n  t h i s  manner the 
d i f f e r e n t  combustion phases, such as drying, v o l a t i l i z a t i o n ,  i g n i t i o n  and 
burn-out, take place simultaneously. 

The essent ia l  features o f  the Mar t in  Stoker Grate technology are (Figure 
11): 

1. Constant s t i r r i n g  and mixing o f  the refuse; 
2. U p h i l l  t ranspor t  o f  pa r t  o f  the glowing mass from the zone o f  intense 

combustion back under the f r e s h l y  fed  refuse; 
3. Subdivision o f  the grate surface i n t o  several zones w i t h  con t ro l led  

supply o f  combustion a i r  t o  these zones according t o  combustion 
needs ; 

4. Grate bar a i r  gaps only 2 m i l l ime te rs  wide w i t h  r e l a t i v e l y  h igh re-  
sistance t o  combustion a i r ,  thus permi t t i ng  uniform penetrat ion of 
combustion a i r  i n t o  the burning refuse regardless o f  the thickness or  
evenness o f  the refuse; 

5. Automatic c lea r ing  o f  the a i r  gaps o f  the stoker grate during 
operat i  on; 

6. Intense secondary combustion a i r  admission two t o  fou r  meters above 
the surface of the gra te  f o r  good mixing o f  the combustion gases. 

7. Any reasonable stoker width can be b u i l t .  

The p rac t i ca l  r esu l t s  o f  the  Mar t in  technology are: 

1. Complete burn-out o f  the combustible substances i n  the refuse bed and 
c o ~ v e r s i o n  o f  the ash i n t o  a s in tered residue; 

2. Goncentrated combustion o f  both the s o l i d  and gaseous products i n  the 
"furnace; 

3. A b i l i t y  t o  burn even p a r t i c u l a r l y  troublesome wastes w i th  h igh water 
and ash contents; 

4. Excel lent  con t ro l  o f  the combustion process expressed by the steam 
load curve o f  a Mar t in  p l an t  w i th  f l uc tua t ions  o f  o n l y ?  5 percent; 
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5. High p lan t  a v a i l a b i l i t y  and r e l i a b ~  ~ i t y  due t o  the long l i f e  o f  the 
grate bars, which general ly  l a s t  between f i v e  and ten years. 

Another essent ia l  feature o f  the Mar t in  Stoker Grate i s  i t s  design. I n  
theory, the Mar t in  Stoker Grate may be o f  any width desired. The bastc 
element i s  the ind iv idua l  grate run which includes a l l  the elements re-  
quired f o r  d r i ve  and a i r  zones. The largest  Mar t in  Stoker b u i l t  t o  date 
consists o f  s i x  p a r a l l e l  grate runs and i s  i n s t a l l e d  i n  the previously 
mentioned Par is - Iv ry  plant .  Each o f  these u n i t s  is212.8 meters (42 f ee t )  
wide between the furnace side wal ls and has 140 m (1,500 sq. f t . )  of 
ac t ive grate surface, but  even wider stoker un i t s  can be b u i l t .  Because 
refuse i s  a heterogeneous fuel ,  it requires quick i g n i t i o n  and v o l a t i l i z a -  
t i o n  i n  order t o  obtain optimum residue and gas burn-out. Lengthwise 
extension o f  the stoker grate t o  achieve a higher burning capaci ty would 
thus be incorrect .  From the process engineering viewpoint, i t  i s  only 
important t o  determine the proper width of the stoker grate as a funct ion 
o f  the needed u n i t  capacity, the water and ash content o f  the refuse and 
some other parameters. 

Because the Mart in Stoker Grate i s  modular i n  p r inc ip le ,  it i s  su i tab le  f o r  
any s ize u n i t  and i s  used f o r  both small and large plants. This i s  one o f  
the reasons why, f o r  la rge plants, preference i s  c l e a r l y  given t o  the " ( -  

Mart in Stoker Grate. I,(-- ,+. ,, J : 

Bo i le r  Designs 

Another important l i n k  i n  the use o f  the energy content o f  refuse i s  the 
b o i l e r  p lant ,  which, i n  the case o f  the Mart in System, forms an i n teg ra l  
block w i th  the stoker grate. 

Looking back, it can be seen t h a t  the development o f  b o i l e r  design has been 
Inf luenced by new manufacturing methods and construct ion materials, by the  
considerable increase i n  refuse energy content during the past 20 years, by 
actual experience w i fh  regard t o  erosion, corrosion, and f o u l i n g  problems 
and by new methods o f  cleaning the b o i l e r  heating surfaces. 

It may be o f  i n te res t  t o  you t o  learn t h a t  i n  the ea r l y  1960's i t was 
general state-of- the-art  pract ice t o  arrange refuse f i r i n g  equipment 
separately from the b o i l e r  proper so t h a t  the refuse would be burned i n  an 
uncooled furnace, t h a t  is ,  wi thout being exposed t o  "cold1' b o i l e r  sections 
which might absorb too much heat and thus hamper i n i t i a l  i g n i t i o n  and 
combustion o f  the refuse. Because o f  i t s  long experience i n  the applica- 
t i o n  o f  Reverse Act ing Stokers t o  d i f f i c u l t ,  low grade fuels, Mar t in  f e l t  
sure t h a t  i t could p u t ' i t s  grate r i g h t  between water-cooled furnace wal ls  
and underneath the b o i l e r  and s t i l l  obta in  safe and quick i g n i t i o n  and good 
burn-out even w i th  household refuse. Thus Mar t in  became the pioneers o f  
t h i s  new layout, and, s t a r t i n g  w i th  the large-scale p lan t  f o r  Rotterdam i n  
1964, i t qu ick ly  became a complete success. It not on ly  proved the prac- 
t i c a l i t y  o f  t h i s  new l i n e  o f  inc inera to r  design, but  a lso showed i t s  
supe r i o r i t y  as t o  burning capacity per uni t ,  increased overa l l  thermal 
e f f ic iency,  higher p lan t  ava i l ab i l i t y ,  more compact design o f  plant, and 
so for th .  



k. c 

I n  t h i s  con e x t  i t  may be he lp fu l  t o  b r i e f l y  review the d i f f e r e n t  steps'of  
design whic I l  or ig inated w i th  t h i s  pioneering deed and which, on ly  l a t e r  and 
w i th  hesi tat ion,  was adopted by most of the other f i rms i n  the f i e l d .  

Rotterdam Design (Figure 12) 

I n  t h i s  type o f  design, the side wal ls  o f  the furnace i n  the immediate 
v i c i n i t y  o f  the  stoker grate  as wel l  as i n  the e n t i r e  rad ia t ion  po r t i on  o f  
the furnace are cooled by b o i l e r  tubes. There are two open rad iant  passes 
fo l lowed by pendant superheater c o i l s  or b o i l e r  tube banks i n  the t h i r d  
pass. The fourth,  f i f t h  and possibly s i x t h  passes consist  o f  b o i l e r  tube 
banks and the etonomizer. This b o i l e r  design has proved very successful i n  
operation, but  i t s  cap i t a l  cost  i s  r e l a t i v e l y  high. 

Par is - Iv ry  Design (Figure 13) . 

I n  t h i s  p lan t  type, downstream o f  the f i r s t  furnace pass, the combustion 
gases f l ow  through pendant superheater c o i l s  fo l lowed by b o i l e r  tube and 
economizer banks. This boiqer design i s  p a r t i c u l a r l y  su i tab le  f o r  large- 
scale p lants  and f o r  h igh steam temperatures. However, the heating sur- 
faces o f  the superheater are l i a b l e  t o  more rap id  f o u l i n g  because the gas 
temperature i s  higher as compared t o  a b o i l e r  w i th  two rad iant  passes ahead 
o f  the superheater. 

Zurich Design (Figure 14) 

The Zur i  
engi neer 
1 ocated 

ch design evolved from the Rotterdam* design and applied advanced 
i n g  techniques i n  the manufacture o f  bo i lers .  The superheater i s  
i n  the t h i r d  pass and i s  formed by hor izonta l  co i l s .  A panel-type 

heating surface i s  used as an evaporator surface upstream o f  the  economizer 
i n  the f o u r t h  pass. This Zurich design i s  less expensive than the 
Rotterdam design. But the .horizontal superheater c o i l s  are more l i a b l e  t o  
f ou l i ng  than pendant superheater co i l s .  This, however, can be compensated 
f o r  by an increased size o f  the  superheater. 

Further Developments ( ~ i g u r e  15) 

Based on experience w i th  the I v r y  and Zurich designs, it has been found 
t h a t  the f o u l i n g  tendancy o f  the superheater a t  continuous f u l l  operating 
load condi t ions can be reduced by add i t i ona l l y  cool ing the combustion 
gases upstream o f  the  superheater. This can be accomplished by an evapora- 
t o r  section, e j t he r  as a p la ten heating surface or as a b o i l e r  tube bank. 
Cleaning o f  these upstream evaporators can be accompl ished dur ing opera- 
t i o n  by any o f  various rapping devices. 

S t i  11 another new b o i l e r  design shows three open r a d i a n t  passes and, again, 
has pendant superheater c o i l s  cleaned w i th  rapping devices . (Figure 16). 
This b o i l e r  design, which considers a l l  the  experience o f  the previous 
generations o f  design, w i l l  permit the achievement o f  very long periods of 
continuous operation between scheduled shutdowns f o r  maintenance and 
cleaning. 



E Figure 12. Boiler Design Rotterdam. 
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Figure 13. Boiler Design, Paris-Ivry. 



Figure 14. Boiler Design Zurich. 



Figure 15. Boiler Design with Rapped Platen Heating Surfaces. 



Figure 16. Bo i le r  Design with Three Open Radiation Passes. 



When comparing b o i l e r  development and periods o f  continuous b o i l e r  opera- 
t i o n  at ta ined i n  Mart in p lants  w i th  systems o f  other designs, one must 
consider the f a c t  t ha t  the Mart in Stoker Grate can operate a t  i t s  f u l l  
design capacity f o r  many months thanks t o  the automatic c lear ing  of the  
combustion a i r  gaps. Because o f  th is ,  the bo i l e r s  used i n  Mar t in  plants 
can a lso be continuously operated a t  higher loads than bo i l e r s  o f  other 
systems which are general ly  not run under high load conditions. 

Over the  course o f  the l a s t  f i f t een  years, it hasobeen fgund t h a t  w i th  a 
steam condi t ion o f  up t o  43 bars ( 615 ps ig)  and 400 C (750 F) the corrosion 
r a t e  o f  the furnace and superheater tubes i s  no higher than w i th  b o i l e r s  
f i r e d  w i th  f o s s i l  fuels.  The Mar t in  plants i n  Par is - Iv ry  and Nuremberg, 
however, demonitrate t h a t  refuse inc inera t ion  plants w i th  higher steam 
conditions, f o r  example 75 bars(1065 psig) and 470 C (880 F), can be b u i l t  
if addi t iona l  p ro tec t i ve  measures are applied. 

Because o f  the increasing t rend toward use o f  the heat energy i n  s o l i d  
waste f o r  d i s t r i c t  heat and e l e c t r i c  power, f u r t he r  developments are being 
pursued t o  improve p lan t  energy output. These developments include reduc- 
t i o n  o f  in -p lant  power requirements ( f o r  example, by the  use o f  speed 
con t ro l  on induced d r a f t  and forced d r a f t  fans), reduction o f  heat losses, 
increase o f  thermal e f f i c i ency  by improved cont ro ls  and use o f  e lec t ron ic  
process calculat ions,  etc. Figure 17 re fe r s  t o  the f i v e  previously men- 
t ioned t y p i c a l  Mart in p lants  and shows the quan t i t y  o f  heat produced and 
the  fuel  o i l  equivalent saved by the use o f  energy from refuse. 

Environmental Performance 

I n  West Germany i n  1974, the I1Technische Anweisung Lu f t "  (Technical I n -  
s t r u c t i  on A i r )  s t ipu la ted  the fo l low ing  emission 1 imi ts,  corrected t o  11 
percent oxygen i n  the e x i t  gases: 

3 maximum dust content: 100 mg/Nm3 ( = 0.041 grains per sc f )  
maximum HCI content: 100 mg/Nm3 ( = 0.041 grains per sc f )  
maximum HF content: 5 mg/Nm ( = 0.0021 grains per scf) 

E lec t ros ta t i c  p rec ip i t a to r s  are proven and very re1 i ab le  devices for  the 
remov31 of f ly  ash from combustion gases. Optimum values o f  less than 20 
mg/Nm ( = 0.0083 grains per sc f )  are achieved. Spec i f ic  design de ta i l s  
which have proven most successful include low gas ve loc i t i es  o f  less than 
1.0 m/sec. (40 in./sec.), uniform gas d is t r ibu t ion ,  long residence t ime nf 
the gases i n  the p rec ip i t a to r  and p r o f i l i r ~ g  o f  the c o l l e c t i n g  surfaces t o  
form col  lec t ing  pockets. 

Emissions o f  hydrogen ch lor ide (HCl )and hydrogen f l o u r i d e  (HF) have been 
reduced by washing or scrubbing devices o f  d i f f e r e n t  designs using 
a lka l ine  wash water. The known disadvantages o f  these devices, inc lud ing 
the  concentrat ion o f  po l  lu tan ts  i n  waste water e f f luents ,  have i ncreas- 
i n g l y  brought about the use o f  d ry  separation devices. I n  these devices a 
d ry  absorbing substance such as l ime dust (CaCO ) or dolomite dust (CaCO , 
MgCO , both o f  which are a l k a l l  ine-reacting, l a  in jec ted  i n t o  the furnage 
or i i t o  the  f lue  gas. The i n j e c t i o n  of sodium hydroxide (NaOH) i n t o  the 



Figure 17. Refuse Energy Recovered in Five Typical Martin Plants. 

Fuel oil equiv. 
r e f e d  to 

I Mg of refuse 
barrels 

0.65 

0.96 

1.00 

1.24 

1.11 

MARTIN PLANT 

Use of recovered energy 

Batenheid / Switzerland 
Export of steam 

Vienna - Spitklau / Austria 
Export of hot water and electricity 
to district heating plant 

Hamburg - Stellingen / Germany 
Export of electricity 

Zuriih - Josefstrasse/Switzerland 
Export of hot water, steam and 
electricity 

Munich - North - II /Germany 
Combined refuse and coal fired power 
plant . Export d hot water and electricity 

Electricity 
scported 

kWh/Mg Refuse 

0 

32.3 

311.5 

236.0 

570.8 

Refuse burnt 

M g Near 
in 1979 : 

24200 
in 1377 : 

21 6,500 

in 1979 : 

185,780 
Jan. - June 1980 

525 15 

in 1976 : 

164,960 

Heat exported 

GJlMg Refuse 

3.26 

4.60 

0 

2.15 

0.90 



e x i t  gases has also been successful (Figure 18). I n  a l l  o f  these 
instances, a h i gh l y  e f f e c t i v e  e lec t ros ta t i c  p rec ip i t a to r  i s  a lso required 
f o r  separation o f  the d ry  or c rys ta l1  ine-bound pol lutants.  

l r  
Mart in has made extensive tes ts  f o r  the development o f  dry  means of noxious 
gas separation by i n j e c t i o n  o f  dolomite dust i n t o  the burnace. A1 though 

'. '. lc t he  desired goal o f  HC1 emissions less than 100 mg/Nm has not y e t  been 
attained, t h i s  d ry  method does seem t o  be promising f o r  the future. 

9 
The development o f  our combusti on 1 oad cont ro l  1 er  represents another i m -  
por tant  step i n  the reduct ion o f  noxious gas emissions. The uniform, load- 
con t ro l led  feeding o f  refuse onto the  stoker grate, the excel lent  con- 
t r o l l a b i l i t y  o f  the Mar t in  Stoker Grate i t s e l f  and the c a r e f u l l y  con- 
t r o l l e d  admission o f  a i r  t o  the ind iv idua l  combustion zones i n  a Mar t in  
p l an t  already help t o  avoid the formation o f  noxious gases and t h e i r  
emission. The combusti on load cont ro l  l e r  i s  under cont inuing development, 
and f u r t he r  pos i t i ve  resu l t s  may be expected as soon as less cos t l y  and 
quicker-react ing measuring devices f o r  the spec i f i c  noxious gases are 
ava i lab le  on the market. 

Residue, F l y  Ash and Waste Water 

For the safe disposal or  f u r t he r  processing o f  refuse combustion residue, 
the  standard which has proved t o  be appl icable i s  the  content o f  putres- 
c i b l e  substances i n  the combustion residue. I n  t h i s  residue the presence 
o f  no more than 3 t o  5 percent (by weight) unburned carbon and no more than 
0.1 t o  0.3 (by weight) percent put resc ib le  mater ia l  i s  general ly  s t i p u l a t -  
ed. The Mar t in  Stoker Grate achieves values wel l  below these values. 

I n  many p'lants the residue i s  screened, c l a s s i f i e d  and then recovered as an 
aggregate f o r  road construction. Scrap i r o n  i s  usual ly  removed magnet- 
i c a l l y  and then sold. Pe l le ts  formed by mixing f l y  ash w i th  cement are 
s o l i d  and inso lub le  i n  water and can therefore be disposed o f  wi thout 
concern. 

The Mar t in  Ash Discharger does not emit any waste water. Just enough water 
t o  condi t ion the  residue i s  used, and most o f  i t  evaporates i n  the ash d is -  
charger. I n  some plants, even the b o i l e r  blowdown water i s  d i rected t o  the 
ash discharger, and these p lants  produce no waste water e f f luen ts .  

Co f i r i ng  o f  Refuse and Sewage Sludge (Figure 19) 

For some years now, Mart in has been tes t i ng  several options f o r  the co- 
f i r i n g  o f  refuse and sewage sludge. For most o f  the projects, one of the 
two fo l low ing  proven systems have been used: (1) spreading sludge w i th  a 
water content o f  up t o  70 percent d i r e c t l y  onto the burning-refuse bed by 
means o f  a rotary- type spreader o r  (2)  f o r  sewage sludges of h igh water 
content o r  f o r  la rge quan t i t i es  o f  sludge, the sludge i s  f i r s t  processed i n  
a steam-heated thermal dryer, and the d r ied  sludge i s  then. fed  onto the  
stoker grate together w i th  the refuse. 



Figure.18. Hamburg Stellinger Plant: Neutralization of Noxious Gases 
by Injection of NaOH. 



Figure 19. Processes  f o r  Codisposal o f  Refuse and Sewage Sludge. 



When c o f i r i n  refuse and sewage sludge, the flame end temperature must be % a t  l eas t  1472 F i n  order t o  destroy the odors i n  the gases. Therefore, the  
quan t i t y  o f  sewage sludge which can be processed w i th  refuse depends on the 
c a l o r i f i c  values o r  heat contents o f  both fuels.  Figure 2 0  shows the  
quan t i t i es  of sewage sludge which can be combusted together w i th  refuse 
having a higher heating value (HHV) o f  4500  Btu per pound. We are working 
i n  c lose cooperation w i t h  our U.S. partner, UOP Inc., t o  apply these 
technologies as wel l  as other approaches developed by UOP t o  the unique 
requirements set  f o r  Sn U.S. codisposal projects. 

This working re l a t i onsh ip  involves a constant f l ow and exchange o f  tech- 
n i c a l  information and on-si t e  assistance extending through a1 1 aspects o f  
p ro jec t  design, engineering, construct ion and operations and maintenance. 



TPD WET SLUDGE COFIRED TOGETHER WITH 
600 TPD REFUSE OF HHV = 4500 Btu / LB 

Figure 20. Cofiring of Refuse and Sewage Sludge on a Martin Stoker Grate. 



ENERGY GENERATION AND REFUSE DISPOSAL 

AT ISSY-LES-MOULINEAUX PLANT, PARIS 

F i f teen  Years o f  Operating Experience 
by Jean Defeche 

Refuse Disposal i n  Paris 

Refuse co l lec ted i n  the City o f  Paris and 54 o f  i t s  suburbs i s  transported 
t o  four  disposal p lants:  three refuse inc inera t ion  p lants  w i th  energy 
recovery and one t ransfer  s ta t i on  as shown i n  Figure 1. 

The City o f  Par is i s  the owner o f  these plants, but  they are operated by 
T. I .R.U. (Traitement I n d u s t r i e l  des Residus Urbains) , a special service 
o f  E l e c t r i c i t e  de France, which i s  a s ta te  owned company responsible f o r  
the generation and d i s t r i b u t i o n  o f  e l e c t r i c i t y  i n  France. 

To f u l f i l l  i t s  duties, T.I.R.U. i s  comprised of an operations branch, an 
administrat ion and accounting branch and an engineering o f f i ce .  Due t o  i t s  
many years o f  experience i n  the f i e l d  o f  engineering and operation, the  
engineering o f f i ce  o f  T. I .R.U. i s  capable of ass is t ing other municipal- 
i t i e s  i n  France and abroad i n  the so lu t ion  o f  refuse disposal problems and 
the construct ion o f  processing plants. 

I n  1979 a t o t a l  o f  1,693,660 megagranis (Mg) (1,866,410 U.S. tons) o f  re fuse 
were co l lec ted as fo l lows: 

From the City o f  Paris 1,028,465 Mg 
(approximately 2.3 
m i  11 ion  inhabi tants)  

From the Suburbs 
(approximately 2.2 
m i l l  i on  inhabi tants)  

Del iver ies  from 
trade and industry 

1,133,370 U.S. tons 

652,530 U.S. tons 

80,520 U.S. tons 
1,866,410 U.S. tons 

This quan t i t y  was processed as fol lows: 

- Inc inerat ion w i th  energy recovery i n  the p lants  o f  Saint-Ouen 
(350,650 Mg [386,420 U.S. tons] or  20.7% o f  the t o t a l ) ,  Issy- les- 
Moulineaux (568,000 Mg 1625,940 U.S. tons 1 or 33.5% o f  the t o t a l )  and 
I v r y  (648,010 Mg 1714,100 U.S. t ons l  o r  38.3%) 

- Dumping, espec ia l ly  from the t ransfer  s ta t i on  o f  Romainvi l le (127,000 
Mg [139,950 U.S. tons l  o r  7.5%). 



. . . . - . . - . . . . . . . - -  - . 

Ptgure 1. M1;nicipal Refuse Processi,ng Plants o f  TIRU and Catchment 
Areas. 



O f  the three refuse inc inera t ion  p lants  mentioned above, Saint-Ouen using 
the Vol und system has been i n  operation since 1954, Issy- les-Moul i neaux 
using the Mar t in  System has been i n  operation since 1965 and I v r y  using the 
Mar t in  System has been i n  operation since 1969. 

The City o f  Par is  began refuse inc inera t ion  w i th  heat recovery f o r  the 
disposal o f  municipal refuse a t  the beginning o f  t h i s  century. The steam 
produced i n  the three p lants  o f  Saint-Ouen, Issy-les-Mouli neaux and I v r y  
i s  used today both f o r  d r i v i ng  tu rb ine  generators and f o r  supply i n t o  the - 
extensive d i s t r i c t  heating system o f  the City (Figure 2). The use o f  the 
heat energy contained i n  refuse, i n  the form o f  e l e c t r i c a l  energy and 
d i s t r i c t  hea t i f i  steam, permit ted the recovery o f  7.6 m i l l i o n  gigajoules 
(GJ) (7.2 x 10 - Btu) gross heat i n  1979. This corresponds t o  a f u e l  o i l  
equivalent o f  approximately 200,000 Mg (220,400 U. S. tons) or  approxi - 
mately 300,000 Mg (330,600 U.S. tons) o f  bituminous coal or approximately 
140 l i t e r s  (37 gal lons) o f  f u e l  o i l  per ton o f  refuse. 

The Issy-les-Mouli neaux P lant  

This paper repor ts  on the operating experience obtained a t  the Issy-les- 
Moulineaux p l a n t  (Figures 3-5). This p l an t  has been chosen because it was 
one o f  the f i r s t  refuse inc inera t ion  p lants  equipped w i t h  Mar t in  Reverse- 
Act ing Stoker Grates and because i t s  15 years o f  operation has y ie lded  a 
great  deal o f  experience which has been t rend-set t ing f o r  the design and 
operation o f  more recent refuse inc inera t ion  plants, A1 though Issy- les-  
Moulineaux i s  an o l d  plant ,  i t s t i l l  i s  a very r e l i a b l e  and economic one. 

The p lan t  consists o f  fou r  refuse inc inera to r  un i t s  and two turbines. The 
i n s t a l l a t i o n  contains a ramp f o r  refuse vehicles, a refuse bunker w i t h  two 
crane i ns ta l l a t i ons ,  two b o i l e r  houses connected by the con t ro l  room and 
the turb ine house, f ou r  e l ec t ros ta t i c  p rec ip i ta to rs ,  two stacks, an ash 
p i t  and a f l y  ash storage bin. 

The steam produced i s  expanded from 50 bars (710 ps ig)  t o  20 bars (275 
ps ig)  i n  a 9 megawatt (MW) back pressure turbine.  Steam a t  20 bars (275 
ps ig)  can be used both f o r  supply i n t o  the d i s t r i c t  heating system and f o r  
d r i v i n g  the 16 MW condensing tu rb lne  (Figure G).  

Each s toker-bo i ler  u n i t  i s  designed f o r  a normal refuse throughput o f  15 
Mg/hr (16.5 T/hr) and a maximum refuse throughput o f  17 Mg/hr (18.7 T/hr) 
a t  a net  c a l o r i f i c  value (NCV) o f  3,770 t o  10,500 k i lo jou le /k i l og ram 
(kJ/kg) (1622 t o  4518 Btu/ lb)  and a maximum refuse heat release o f  157 
GJ/hr (149 m i l l i o n  Btu/hr). The steam production o f  each b o i l e r  i s  approx- 
imate ly  40 Mg/hr (88,160 lb /hr ) ,  aad the steam condi t ion a t  the superheater 
o u t l e t  i s  53 bars (755 psig), 410 C (770 F). 

Operating S t a t i s t i c s  

A ten  year survey covering the main p l an t  parameters, t h a t  is ,  the quan t i t y  
o f  refuse burned, the amounts o f  d i s t r i c t  heating steam and e l e c t r i c i t y  
so ld  and p l an t  a v a i l a b i l i t y ,  i s  shown i n  Figure 7 and reveals c e r t a i n  
i n t e res t i ng  tacts.  



STEAM DELIVERED INTO THE SYSTEM O f  C.P.C.U. 
(Cmpmpir Pcirirnnr & Cbodhp Urboin) 
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Figure 2. Steam Del ivered i n t o  the CPCU System. 



Figure 3. Paris Issy-les-Moul ineaux Incinerator. 



Figure 4. Paris Issy-les-Mou.1 ineaux Incinerator (Refuse Del ivery Side). 



Figure 5. Paris Issy-les-Moul ineaux Incinerator Botlerhouse, Electrostatic Precipitators , and Stacks. 
*&+m*d2~."< ':>&%&w&:' 
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Figure 6.  Issy-les-Moul ineaux Plant. 
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Figure 7. Operating Data from 1970 t o  1979 - Par i s  I ssy- les-  
Moulineaux Plant .  



The q u a n t i t y  o f  re fuse burned has increased s lowly  from the t ime o f  t he  
p l a n t ' s  commissioning even though t h e  c a l o r i f i c  value o f  t h e  re fuse has 
increased from approximately 6,500 t o  7,600 kJ/kg (2797 t o  3270 Btui1.b) 
(NCV) dur ing  t h e  same time. This was achieved by c a r e f u l  operat ion, 
increased prevent ive  maintenance and improvement o f  ' c e r t a i n  equipment 
parts. 

The year 1977 shows a reduct ion  o f  the re fuse q u a n t i t y  burned. This 
occurred when both stacks sustained unexpected damage which brought about 
a complete shutdown o f  t he  p l a n t  f o r  s i x  weeks. This fo rced shutdown was 
advantageously u t i l i z e d  t o  c a r r y  out  t h e  maintenance and r e p a i r  work which 
had been planned f o r  t he  f o l l o w i n g  year. This permi t ted  more o r  less  
continuous opera t ion  dur ing  1978 so t h a t  p l a n t  a v a i l a b i l i t y  i n  t h a t  year  
exceeded YU percent.  

Since t h e  energy c r i s i s  i n  1972, the  purchase o f  d i s t r i c t  heat ing steam has 
been o f  g reater  economic i n t e r e s t .  For th. is  reason, the  amount o f  d i s t r i c t  
heat ing steam s o l d  has been s t e a d i l y  increas ing and tpe amount o f  e lec-  
t r i c i t y  so ld  s t e a d i l y  dec l in ing .  The basic thermodynamic design (see 
Figure 6)  o f  t he  Issy-les-Moulineaux p l a n t  - back pressure turb ine,  20 bars 
(275 p s i g )  steam system and condensing turb ine,  50 bars (710 ps ig )  - has 
proved most successful  f o r  such an operat ion by p rov id ing  the  f l e x i b i l i t y  
needed t o  meet. t h i s  changing s i t u a t i o n .  

A f t e r  t h e  stack problems experienced i n  1977 and the  p a r t i c u l a r l y  
favorab le  year i n  1978, t h e  opera t ing  year 1979 i s  t o  be considered aga in .  
q u i t e  a normal one.. The a v a i l a b i l i t y  achieved was 86.2 percent, which 
corresponds t o  an average opera t ing  pe r iod  per  s t o k e r - b o i l e r ' u n i t  o f  7,550 
hours/year. De ta i l ed  operat ing data f o r  1979 i s  shown i n  Tables I and 11. 

Uperat ing Phi losophy 

The opera t ing  o b j e c t i v e  imposed on t h e  p l a n t  i s ' t o  burn the  maximum re fuse 
q u a n t i t y  w i t h  optimum energy y i e l d .  To achieve t h i s  goal, g rea t .  e f f o r t s  
are being made toward the  format ion and t r a i n i n g  o f  t he  operat ing s t a f f ,  on 
maintenance and on techn ica l  improvement o f  the  equipment. Although t h e  
p l a n t  i s  a l ready 15 years old, t he  ,average a v a i l a b i l i t y  i s  S t i l l  85 
percent, a value corresponding t o  the  a v a i l a b i l i t y  o f  s i m i l a r  s ized power 
p lan ts  f i r e d  w i t h  f o s s i l  f u e l .  

Because the  d i s t r i c t  heat ing steam demand dur ing  the  sumner months (F igure  
2 )  i s  no t  s u f f i c i e n t  t o  absorb a l l  o f  . t h e  20 bars (275 p s i g )  steam a v a i l -  

. able, t h e  generat ion o f -  e l e c t r i c i t y  i s  more important dur ing  t h a t  pe r iod  
than i n  t h e  winter .  

Maintenance Work 

During a pe r iod  o f  two or  th ree weeks i n  August, re fuse d e l i v e r y  decreases 
by about 25 t o  30 percent due t o  t h e  ho l i day  season. This sho r t  pe r iod  i s  
u t i l i z e d  f o r  the  annual general .overhaul and r e p a i r  o f  the  p l a n t  equipment. 

. . A great  p a r t  o f  t h e  work i s  c a r r i e d  ou t  by outs ide  f i r m s  ass is ted  by t h e  
p l a n t  personnel. 



ABLE I. Main Operational Data from Issy-les-Moul ineaux (1979). 
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Table 11. Operating Hours. and Availability Fa 
. ., 

% . /  

Opera t ing  hours. : 

Stoker-bol l e r  unl  t 1 

Stoker-bol l e r  unl  t 2 ,I . 

- S toker -bo i le r  u n l t  3 

Stoker -bo i le r  'unl  t 4 

. Average ava.1 l a b l  l l t y  o f  the 
.,. s toker-bol l e r  unl  t s  

Average n o n - a v a l l a b l l l t v  o f  
the s toker -bo l le r  u n i t s  due 
t o  breakdowns 

Average av.al l 'abl l1ty o f  the ' 
Mart l n  s toker  grates 

. . , . 

Average aval l a b l  11 t y  o f  the 
tu rb ine  generators 

ulineaux (1 979) 
. " 

X o f  8760 hours 



I, 
The. annual general overhaul of a stoker-boiler unit requires a shut-.down of 
28. days during which 22 members' of the plant staff an.d 40 to 50 outside ' , 

personnel are emp.loyed. Certain work is carried out in two shifts. 

The following main equipment parts undergo a special inspection during the 
annual general overhaul : 

Crane installation: Ropes, brakes, grabs 

Firing equipment: Grate 'bars, brickwork 

Boiler: Cleaning of heating surface; measurement 
of tube wall thickness, checking of soot 
blowers, valves '. 

Electrostatic precipitator: . Cleaning, checking for corrosion, insu- 
lators, rotary seal valves 

Residue handling: Conveyor be1 ts, support rollers 

Day-to-day maintenance and other routine work during the year are carried 
out by the maintenance personnel belonging to the plant itself. These 
maintenance personnel include 23 mechanics, welders and boi l'er makers and 
11 electricians and engineers for controls. 

Technical Improvements 

The experience gained at Issy-les-Moulineaux over the past 15 years has 
been trend-setting not only for new refuse incineration plants but also for 
improvements at the plant itself . These imp~ovements. have i nc 1 uded: 

1. Approximately 5;000 to 6,000 hours after commissioning, corrosion was 
observed on some of the tubes of the furnace side walls. This damage 
occurred mainly in the area where the combustion gases are still in the 
burn-out phase, that is, in the flame area. To provide protection against 
the oxidizing as well as reducing action of the flames, the furnace side 
wall tubes were studded and silicon carbide (Sic) plastic refractory was 
stamped on. The results were very satisfactory. 

2. After a longer operating time, the superheaters showed erosion and 
corrosion on the lower tube bends at the gas-side inlet and on the tubes at 
the gas-side outlet (see Figure 8). The superheaters were of the pendant 
type where the hot gases flow from bottom to top parallel to 'the super- 
heater tubes. It was, found that part icu 1 ar ly heavy corrosion occurred when 
the flow of the' burning gases was perpendicular to the tubes, which was the 
case for the lower tube bends and the suspended tubes at the top. of the 
superheater. On the contrary, the corrosion rate was found to be quite low 
when the gas flow was in parallel with the tubes. 

Various improvements have gradually been made in the superheater section 
of. the plant. First, the lower tube bends and the tubes at the gas outlet 
were protected by shields (Figure 9) made from heat-resistant castirigs, 



Figure 8.. Superheater, Issy-les-Moul ineaux. Figure 9. .Lower Superheater Tube Bends 
Protected by Shields. 
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the l i f e  o f  which i s  about one year. A de f lec t ing  nose (Figure 10) was 
i n s t a l l e d  a t  the o u t l e t  of the second pass t o  improve gas d i s t r i b u t i o n  a t  
the i n l e t  t o  the superheaters and thus t o  reduce the ve loc i t y  o f  impact 
upon the tube bends. After ten years o f  operation, when the s t r a i gh t  tubes 
o f  the superheaters began t o  show s i g n i f i c a n t  wastage, the pendant super- 
heaters were rep1 aced by p l  aten-type superheaters. This permitted, where 
necessary, the l i n i n g  of the tubes w i th  a t h i n  coat o f  s i l i c o n  carbide 
(SIC) p l a s t i c  r e f r ac to r y  which was anchored by means o f  studs as shown i n  
Figure 11. 

3. Research work i n  laborator ies  and comparative studies both a t  Issy- les-  
Moulineax and a$ I v r y  have permit ted a be t t e r  understanding o f  the pheno- 
mena of corrosion and erosion on b o i l e r  tubes. It has been found t h a t  the 
corrosion r a t e  i s  increased: 

- when the gas temperature exceeds 650 '~  (1202'~) $d simt]ltaneously 
the temperature o f  the tube wal l  metal reaches 290 C (554 F), 

- when the ve loc i t y  o f  the f l y  ash p a r t i c l e s  impinging upon the tubes 
exceeds 4 meters (13 f e e t )  per second, 

- when the d i r ec t i on  o f  the gas and dust stream i s  perpendicular t o  the 
tube cen te r l i ne  (as i s  the case i n  I v ry ) ,  

- when the gas d i s t r i b u t i o n  i s  non-uniform so t h a t  the tubes are h i t  by 
veins o f  gases a t  h igh v e l o c i t y  and poss ib ly  w i t h  a higher dust 
concentration, 

- when soot blowing or  gas v e l o c i t y  provoke an eros i  on-corrosi on pheno- 
menon by permanent suppression o f  the p ro tec t i ve  coat ing on the tubes 
and 

- when combustion condi t ions are not steady. 

I n  regu la t ing  the combustion condit ions, the best r esu l t s  have been ob- 
ta ined by p a r t i a l  automatic con t ro l  o f  refuse charging and grate movement 
as a func t ion  o f  the furnace temperature o r  o f  the steam rate. 

A be t t e r  knowledge o f  corrosion phenomena and a thorough study of the 
progressive f o u l  i ng  f ac to r  o f  the tube banks between two annual shut-downs 
has permit ted the establishment o f  a ce r t a i n  number o f  r u l es  which, if 
appl ied t o  the design o f  an inc inera to r  bo i le r ,  w i l l  guarantee exce l lent  
r e l i a b i l i t y  o f  the bo i le r .  T.I.R.U. has been i n  a pos i t i on  t o  v e r i f y  the 
v a l i d i t y  of these r u l e s  i n  recent p lants  where studies and const ruct ion 
have been fo l lowed up by T.I.R.U. (Figure 12). 

Operating Costs 

Each year T.I.R.U. submits t o  i t s  supervising au tho r i t y  an operating 
account covering a l l  a c t i v i t i e s  and i nd i ca t i ng  charges and revenues. 
Separate accounting a t  each p l an t  allows the determination o f  costs f o r  the 
i nd i v i dua l  plants. Operating costs o f  Issy-les-Moul i neaux f o r  1979 i n  



Figure 10. Def lect ing Nose t o  Improve Gas Dist r ibut ion i n  
Superhehter Pass. 

Figure 11. Platen-Type Superheat~r  Tubes Lined wi th  a Thin 
Coat o f  SiC P las t ic  Refractory Anchored by Studs. 



Figure 12. Nice, France Incinerator. 



French francs per Mg o f  refuse burned i n  the p lan t  are presented i n  Table 
111. 

The net operating costs a t  Issy-les-Moulineaux i n  1979 amounted t o  23.48 
French francs per Mg (1.102 U.S. tons). This i s  equivalent t o  $5.02 U.S. 
currency per ton a t  an exchange r a t e  o f  one French franc t o  U.S. $0.24. 

It i s  i n te res t i ng  t o  note t h a t  the d i r e c t  operating expenses are lower than 
the revenues received, Calculat ion o f  the r a t i o  o f  d i r e c t  operating 
expenses t o  revenues over the past ten years (Figure 13) shows t h a t  t h i s  
r a t i o  has been s tead i l y  decreasing since the beginning o f  the energy c r i s i s  
from 1.55 i n  1970 t o  0.94 i n  1979. A r a t i o  o f  0.80 i s  expected f o r  1980. 

Thus, the decision made many years ago by the City o f  Paris t o  recover the 
heat energy contained i n  the refuse o f  t h i s  cap i t a l  c i t y  has proved t o  be 
f u l l y  j u s t i f i e d .  The actual disposal costs are absolutely competit ive 
compared w i th  those o f  dumping. 



TABLE 111. Operating Cost - 1ssy-les-~oul ineaux ( 1  979) .  

GENERAL CHARGES AND GENERAL COSTS 
FOR THE P L A N T  

SALE OF COMBUSTION RESIDUE AND SCRAP 
I RON $ O , 8 6 / ~ 0 ~  

RESULT 

TOTAL EXPENSES $20,  TON 

MI NUS TOTAL REVENUES $15,  TO TON 



o IRECT OPERATING EXPENSES 
K: RELATlON. = 

REVENUES 

' 5 .  

YEARS 

. . 

~ i g u r e  13. 1ssy-les-~oul ineaux. ' 



THE WHEELABRAT.OR-JRYE/VON ROLL 
APPROACT TO REFUSE-TCENEXXY  STEMS 

P r e s e n t a t i o n  by Von R o l l  L td . ,  Zur i ch ,  Sw i t ze r l and  
N .  D i r i l g e n  

(P res i den t ,  Environmental  Eng ineer ing  D i v i s i o n )  
I and 

. R. M. Lu thy  
(Head, Sales Department, Env i ronmenta l  Eng ineer ing  D i v i s i o n )  

BACKGROUND 

1. VON ROLL LTD. 

1.1 Company S t r u c t u r e  k.. 

.. Von R o l l  w a s  founded i n  Swi t ze r l and  i n  1823. 

A t  p r e s e n t ,  t h e  e n t i r e  group has  engaged 6300 

employees i n  more t h a n  20 p roduc t ion  f a c i l i -  

t i e s  and o f f i c e s .  S a l e s  of  t h e  group exceeded 

1 b i l l i o n  Swiss  Francs  ($615 m i l l i o n )  i n  1979. 

Von Ro l l  is q u i t e  a d i v e r s i f i e d  c o r p o r a t i o n ,  

o p e r a t i n g  steel m i l l s  and f o u n d r i e s ,  w i th  

manufactur ing f a c i l i t i e s  f o r  heavy machinery 

and equipment. f o r  mechanical  handl ing  and,  

u l t i m a t e l y ,  t h e  Environmental  Engineer ing  

D i v i s i o n .  T h i s  is t h e  d i v i s i o n  w e .  would 

l i k e  t n  present t o  you i n  more d e t a i l .  

A c t i v i t i e s  of t h e  Environmental  Engineer ing  D i v i s i o n  

The Environmental  Engineer ing  D i v i s i o n  wi th '  itus 

head o f f i c e  i n  Zur i ch ,  S w i t z e r l a n d ,  was e s t a b l i s h e d  

in 1933. The d i v i s i o n  a c t s  as an  e n g i n e e r i n g  



c o n t r a c t o r '  w i t h  e r o p r i e t a r y  t e c h n o l o g i c a l  know- 

how i n  t h e  f o l l o w i n g  f i v e  ' f i e l d s :  

( ,a)  M u n i c i p a l  r e f u s e  i n c i n e r a t i o n  : Mass 
, % 

b u r n i n g  of  r e f u s e  o n ' a  grate  sys tem w i t h  

a n  i n z e g r a t e d  b o i l e r  f o r  e n e r g y  r e c o v e r y .  
" L L  

(.b) I n d u s t r i a l - o r  ' h a z a r d o u s  w a s t e  , i n c i n e r a -  

t i o n :  G r a t e ,  r o t ' a r y  k i l n  o r  f l u i d i z e d  

bed i n c i n e r a t i o n  of  h a z a r d o u s  .was te ,  e i t h e r  
. - 

f o r  a  p a r t i c u l a r  a p p l i c a t i o n  o r  f o r  a re- 
,,. 

g i o n a l  d i s p o s a l  c e n t e r .  
IJ' 

(.c) Waste water t r e a t m e n t :  E n g i n e e r i n g  and  

s u p p l y .  o f  components f o r  m u n i c i p a l  waste , 

water' t r e a t m e n t  p l a n t s  a s  w e l l  a s  c o n c e p t u a l  
. ,.  

e n g i n e e r i n g  of complete p l a n t o .  

(d)  S i u d g e  t r e a t m e n t :  Convers ion  o f  t h e  r e s i d u a l  
. , 

s l u d g e  e x  m u n i c i p a l  p l . a n t s  i n t o  a h y g i e n i c  

and  d r y  p r o d u c t  f o r  r e c y c l i n g  o r  i n c i n e r a t i o n .  

(.e) ' Co-Disposal  p l a n t s  : A' combined p r o c e s s  

scheme f o r  t h e  d i s p o s a l  o f  s l u d g e  and muni- 

c i p a l  r e f u s e  (or i n d u s t r i a l  w a s t e )  o p t i m i z i n g  . , 

t h e  e n e r g y  r e c o v e r y .  

I n  most European c o u n t r i e s  Von R o l l ' s  Env i ronmenta l  

E n g i n e e r i n g  D i v i s i o n  s e l , l s ,  d e s i g n s ,  erects and com- 

m i s s i o n s  s u c h  p l a n t s  on a  tu rn -key  basis .  I n  o t h e r  

cases,  e s p e c i a l l y  o v e r s e a s  (U.S .A, ,  Canada) Von R o l l  



a c t s  t h r o u g h  i e l l  e s t a b l i s h e d  l i c e n s e e s .  Wheels- 

b r a t o r - F r y e ,  o u r  U.S. L i c e n s e e ,  p r o v i d e s  f u l l -  . 

s e r v i c e  c o n t r a c t s  which i n c l u d e :  d e s i g n ,  c o n s t r u c -  

t i o n  and  long- t e rm o p e r a t i o n .  

2.  Worldwide A c t i v i t i e s  -.Iblass Burning  Technology . 
. \ '  ' 

Von R o l l l s  Env i ronmen ta l  E n g i n e e r i n g  D i v i s i o n  marked ly  

i n f l u e n c e d  t h e  mass b u r n i n g  technology.-ebWe,'were t h e  

f irst  t o  d e s i g n  w a t e r w a l l  t y p e  f u r n a c e s ,  and  i n  1954 ,  

b u i l t  t h e  f irst  re fuse - to -ene rgy  p l a n t ,  

. ' 
I n  t o t a l ,  157  i n c i n e r a t i o n  p l a n t s  have  been  b u i l t  by 

Von R o l l ,  d i r e c t  o r  t h r o u g h  i ts  l i c e n s e e s  a l l  o v e r  t h e  

, w o r l d .  

CoUcrY 

Switzerland 

Germany 

Austria 

Japan 

Sweden 

Finland 

The Netherlands 

France 

I t a l y  

Spain 

Austral ia 

Canada 

U.S.A. 

others  
- 

Total 

No. of Plants  

15 

2 3 

3 

61 

7 ' 

2 

4 

15 

14 

3 

3 .  

2 

2 

3 

157 

Capacity t/day 

4290 

7169 

1698 

18866 

1881 

640 

1800 

4169 

3028 

1152 

629 

2520 

1.635 

820 

50297 



3. European Systems : : : .:, i i ;  ...... . . .  1 . :..; . .  . .  , . . ?  ,. . 

. . .  .. ., 
been cons ide red  a s a f e  rbfuse"  d i s p o s a l  process. ,  

by wh1.c.h s o l f  d-, 1iqui .d.  ..... .and . .. gaseous  comb.ust ibile . . . . .  .- ..% -. . 

: . w a s t e  is.., th rough  cont~ro~lled~combust~ion~, ' conver ted  

. . . . . .,' , . . . . .  . . 
b l e  matter a n d  nd s lbs t ' ance& 'dange;ous td ' 

, . ,- . . . ,< ; .. . . .  
environment.  ' I n  a d d i t i o n  t b t h e  s a f e t y ,  t h i s  we l l  

-'.establi'shed'~incine'ratidn . ,process reduces  - t-he r e f u s e  
:. 

. . ..... 
: 

a v d l m e .  td  .:app'&imately . 10%. . . .  I n  .i-hk f.i.ft'idg, when 
. . *,. . . . 

inc ig ,e ra t . ion  9os t . s  r a p i d l y  i n c r e a s e d , ,  a d d i t i b n a i , ,  * ,  . . . . . .  

. r evenues  were c r e a t e d  -by t h e  s a l e  ' of  energy ; i n ,  t h e  
. . . . .  . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . .  . . . . . . . . . . . . . . . . . .  .," ...... 

. . 
. . . . .  form' ,of  h e a t  f o r  d i s t r i c t  hea t ing .  and /o r  e l e c t r i c .  f 
. . . . .  : > 

. C  

power. T h i s  scheme w a s  f i r s t  imp1emen ted .b~  Von 

~ o l l  when ' i t  ' b u i l t  t h e ,  mass burn ing  p l a n t  f o i  t h e  : 
' 

. . . .  ... . . 

c a p i t a l  o f  ~ w i t z e r l a n d ,  Berne,  i n  1954. I n  t h i s  

p lan?,  . steam is used  b o t h  f o r  d i s . t r i c t  heat , ing a s  : 
,\ . . . . . .  . . .,,. . 

w e l l  , 'as f o r  e l e c t r i c  power g e n e r a t i o n ,  
. . '  

.I 

With t h e  i n c r e a s e  i n  f u e i  cost  i n  t h e  1970 '9 ,  t h i s  
. . .  . . 

phi losophy  was even more- s t r i c t l y  adhered t o .  Cur- 
. . 

r e n t l y ,  on ly  i s m a l l  number of p l a n t s  ar.e b e i n g  
. . , . . . . .  

b u i l t - o r  be ing  d i s c u s s e d ,  where no energy, ,recovery 
. .  . . .  . . . .  . . . . . . . . . . .  . . . . . . . . . .  . . . . . .  . . . . . . . . . . . . .  .I . . I . .  . >  _ . .  -,,* ... 

is cons idered . :  I t  has  t o  be  e m p h a s i z e d , t h a t  t h e  i 
,. . , , , . .... . . . .  , . 

Furop,ean.,-appro_ach. to.  mass b u r n - l . ~ g  .po in . t s .  ~ ~ i m a r i l y .  . . . . . .  
. . 



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

g e n e r a t e d  by mankind, and o n l y  s e c o n d a r i l y  d o e s  

o n e  t r y  ' t o  maximfze t h e  r e c o v e r y  o f  e n e r g y , ,  b e  it 

i n  t h e  form o f  steam f o r  h e a t i n g  o r  i n d u s t r i a l  

a p p l i c a t i o n s ,  o r ,  i f  none o f  t h e s e  a r e  f e a s i b l e ,  

i n  t h e  form o f .  e lec t r ic  e n e r g y .  

S i z e  Range 

I n  Europe ,  t h e  s ize  of  t h e  u n i t s  have  i n c r e a s e d  

o v e r  t h e  y e a r s .  I n  t h e  m i d - f i f t i e s ,  p l a n t s  i n  

t h e  r a n g e  o f  100-200 t o n s  a day were normal .  I n  

t h e  s i x t i e s ,  u n i t s  o f  300-600 t o n s  a day were  

b u i l t .  Nowadays, some p r o j e c t s  of  up t o  1200 

t o n s  a r e  u n d e r  d i s c u s s i o n ,  a l t h o u g h  s u c h  c a p a c i - .  

t ies  w i l l  remain  e x c e p t i o n a l .  

The s i ze  of  a  p l a n t  is s t r o n g l y  i n f l u e n c e  by ' 1  

geograph . i ca1  c o n s i d e r a t i o n s ,  t r a f f i c  r e s t r i c t i o n s ,  

p o l i t i c a l  f e a s i b i l i t i e s  and many o t h e r  f a c t o r s .  
f 

Due t o  a l l  t h e s e ,  t h e  major s h a r e  o f  t h e  European 

m a r k e t s  w i l l  s t i l l  b e  i n  t h e  medium s ize  r a n g e ,  

. s a y  3 0 0 ~ 6 0 0  t o n s .  a  day .  

3 . 3  P r o j e c t  Arrangements  

The o.wner and o p e r a t o r  o f  a '  p l a n t  i n  Europe  i s ,  

w i t h .  o n l y  a  few e x c e p t i o n s ,  t h e  m u n i c i p a l i t y  



I . . 

. o r  l a t e l y ,  due t o  p o o l i n g ,  a group ,of communities. 

The f i n a n c i n g  of t h e s e  p r o j e c t s  is done by muni- 

c i p a l i t - i e s ,  bu t  backed up by f e d e r a l ,  s t a t e  and 

' l o c a l  governments th rough  s u b s i d i e s .  

G e n e r a l l y ,  t h e  m u n i c i p a , l i t i e s  hand le  t h e s e  p r o  je,cts 

as turn-key p r o j , e c t s .  C i v i l  work might o r  might no t  

b e  i nc luded  i n  t h e  s u p p l i e r ' s  b i d ,  depending on .10-  

cal p - e f e r e n c e s .  One s p e c i f i c  European p e c u l i a r i t y  

h a s  ' t o  be mentioned i n  t h i s  r e s p e c t  : The European 

owners o f  a p l a n t  g e n e r a l l y  expect '  o r  even demand . .  
i C .  

from t h e  s u p p l i e r  t o  mazimize t h e  s u b c o n t r a c t i n g  

i n  t h e  r eg ion  if t h e  p r o j e c t ,  

Von R o l l ' s  Environmental  Eng$neering D i v l s i o n  not  

o n l y  s u p p l i e s  a complete p r o c e s s  package,  f ro rn , the  

t r u c k  weighing s t a t i o n  up t o  t h e  t o p  of  t h e  s t a c k ,  ' 

bu t  a l s o . a c t s  as a c o n t r a c t o r  f o r  d e s i g n i n g ,  e r e c -  

t i o n  and c o m m i s s i ~ n i n g  of mass burn ing  waste-to-  

energy s y s t e m s  i n  ~ u r o ~ e  and abroad .  

Von R o l l  s Environmental  Engineer ing  D i v i s i o n  is 

r e p r e s e n t e d  by VON ROLL I N C . ,  i n  New J e r sey . .  With 

r e s p e c t  t o  t h e  mass burn ing  technology f o r  munic ipa l  

refuse- to-energy p r o j e c t s ,  Von Ro l l  h a s  a Techn ica l  

Cooperat ion Agreement w i t h  WHEELABRATOR-FRYE I N C . ,  . 

Hampton, New Hampshire. 



D e s  i-gn, ,..., < *.. 

1 . 1 1  G e n e r a l  

A s  . men'tioned , , . ,  .. b e f o r e ,  Von R o l l  s t a r t e d  i n  t h e  f i e l d  
, , 

of: , .  m a s s  . .  . b u r n i n g  i,n . 1933,. . The newer g e n e r a t i o n  o f  

p l a n t s  . . ,  . w a s  . ~ .  i n i t i a t e d  . , by t h e  d e s i g n  o f  t h e  f i r s t  

e n e r g y  r e c o v e r y  t y p e  o f  p l a n t  i n  1954. But even 

from t*- - t h e n  o n ,  v a r i o u s  d ,es ign  d e t a i l s  had t o  b e  

adapFed . .. .. t o .  , t h e  . c h a n g e s  . .  . o f  t h e  w ; a s t e  c o m p o s i t i o n ,  
, , .. . . . . 

t o  new .... . g a s  c l e a n i n g  .. . .  t e . chno log ies  and  s t a n d a r d s ,  
< .  . , 

a s  w e l l  as t o  t h e  ecoporn.ic. . . c o n s i d e r a t i o n s .  

The change  . ,  . i n  h e a t i n g  v a l u e  (LHV) i n  Europe  from 

(32.90 . . B t u / l b .  . . .. . , ) i n  1980 . .  . i l l u s t r a t e s  t h i s .  

FIG. 1 



I n  t h i s  c o n t e x t  i t  is worthwhile  ment ioning t h a t  

t h e  a c t u a l  h e a t i n g  v a l u e  changes d i d  no t  f o l l o w  
. .  . 

t h e  p r e d i c t  i o n .  N e v e r t h e l e s s ,  t h e ,  change i n  hea t -  
. .  . . . 

i n g  v a l u e  i n  and t h e  r e s u l t i n g  d e s i g n  m o d i f i c a t i o n  

.assist g r e a t l y  i n  app ly ing  t h e  p rope r  g r a t e  d e s i g n  

f o r  t h e  v a r i o u s  p r o j e c t s .  The d i f f e r e n c e  i n  hea t -  

i n g  value i n  khe v a r i o u s  c o u n t r i e s  can be  i l l u ' -  

s t r a t e d  as  f o l l o w s ; '  
. , . .  , 

. . 
Germany: ,1500 - 2000. k c a l l k g  (2690 - 3590 B t u / l b .  ) 

Japan:  1200 - 1800. k c a l l k g  . (2150 - 3230 B t u l l b . )  .,:.. 
'..+ 

Spa in :  1000. - 1600 k c a l l k g  (1795 - 2870 ~ t u / l b .  ) 

I t a l y :  . '1000 - 2000 k c a l l k g  (1795 - 3590 B t u l l b . )  

USA:. 1500 - 1500 k c a l l k g  (269'0 - '4490  B t u l l b . )  

. .  . 

F i g u r e -  2  shows t h e  t y p i c a l  c r o s s  s e c t i o n  through a 

.mass burning re fuse- to -energy  p l a n t  f o r  a  h igh  hea t -  
' 

i n g  v a l u e  (approximate ly  2000 k c a l l k g  (3590 B t u l l b .  ) .  

FIG. 2 - VON ROLL MASS BURNING REFUSE-TO-ENE~GY PLANT 



1 . 2  Grate Design 

The Yon ~ o l i  g r a t e  system c o n s i s t s  of a ram f e e d e r  

f o r  vo lume t r i c  c h a r g i n g  and has  a g r a t e  s u r f a c e  

, 6 4.12 rn l o n g  ( 1 9 . 5  - 39 f t . )  a t  an  1 8 O  i n c l i n a t i o n . '  

The g r a t e  c o n s i s t s  of  3 - 6 i d e n t i c a l  g r a t e  s e c t i o n s  

l i n k e d  t0ge the . r .  The system is s u i t a b l e  f o r  ca- 

p a c i t i e s  ranging ,  from a minimum of  2 . t ons  of  r e f u s e  

p e r  hour up t o  a maximum of 50 t o n s  p e r  hour .  

F i g u r e  3  e x p l a i n s  t h e  g r a t e  c o n s t r u c t i o n .  

2 gra te  block . 

3 holding bracket 

5 mobile block support 
6 s ta t ionary block support 
7 gra te  carr iage 
8 guide t racks 
9 cylinder jo in t  s h a c k l e .  

FIG. 3 - VON ROLL GRATE SYSTEM 

A; s t a n d a r d  g r a t e  element c o n s i s t s  of 8 rows ~f 

g r a t e  b l o c k s ,  4 of  which a r e  movable, 4 s t a t i o n a r y .  

The 4 movable rows o f . b l o . c k s  are i n s t a l l e d  on t h e  

s o - c a l l e d  g r a t e  c a r r i a g e .  



T h i s  l a t t e r  is d r i v e n  by t h e  h y d r a u l i c  c y c l i n d e r s .  

The s u p p o r t s  of  t h e ' c o m p l e t e  assembly a r e  . f i x e d  

f o r '  t h e  f i r s t  . s e c t i o n ,  a l l  subsequent  s e c t i o n s  r e s t  

on s l i d e  b e a r i n g s ,  e n a b l i n g  l o n g i t u d i n a l  t he rma l  

expansion towards t h e  c l i n k e r  channe l .  

The g r a t e  b l o c k s  a r e  coo led  by primary a i r .  F o r  
. . . . . . . . . 

t h i s  purpose  t h e  cfiro~ne s tee l  . c a s t  b locks  have 

i n t e r n a l  r e c t a n g u l a r  ' c h a n n e l s ,  th rough  which t h e  . . .  
. . 
. . .  

a i r  is s u p p l i e d  f o r  combustion t o  t h e  r e f u s e  bed.  

. . , < 

" The channe l  and opening. .arrangements  a r e ' s u c h , .  a s -  . . - .  

t o  c r e a t e  s u f f i c i e n t  p r e s s u r e  drop  th rough  t h e  . ., 

block .  A s  a r e s u l t  of t h i s , '  . the  d i s t r i bu . t i 0 .n  of 

combustion a i r  throughout  t h e . r e f u s e  bed is inde- 
. . 

pendent o f  t h e  r e f u s e  l a y e r  t h i c k n e s s .  ' ' p r e f e r -  

e n t i a l  bu rn ing  o r  l o c a l  , f l a m e . d e v i a t i o n s  are h e n c e  

no t  p o s s i b l e .  Cool ing t h e  @ate b l o c k s -  cons ide r -  
. . 

a b l y  r educes  wear and i n c r e a s e s  t h e  l i f e  'span o f  . '  

t h e  s t o k e r .  

The assembly o,f t h e . ,  block;. i n t o  rows o f  b l o c k s  - a - : 

clamped t o g e t h e r  by a t e n s i o n  r o d ,  e l i m i n a t e s  . the  

gaps  i n  t h e  t r a n s v e r s e  d i r e c t i o n .  T h i s ,  p l u s  t h e  

f a c t  t h a t  t h e  movement o f  one row b f  b l o c k s  onf> t o p  

of t h e  c o n s e c u t i v e  s t a t i o n a r y  r o w ,  minimize t h e  
. . - :.. ' '  

' r i d d l i n g s  f a l l i n g  th rough  t h e . g r a t e .  ' Another 
, . . .  . . .  



advantage o f .  t h e  c o n s t r u c t i o n  is,  t h a t  a g r a t e  

sect ion  can be  e r e c t e d  -preassembl.ed.. ' I n  a 

r e c e n t  i n s t a l l a t i o n ,  t h e  . g r a t e  s e c t i o n s  were 

assembled by t h e  manufac ture r  f o r  f i n a l  inspec-  ' 

t i o n  a t  h i s  works; T,hen th.e s e c t i o n s  were t r a n s -  

p o r t e d  t6 t h e  s i t e  and i n s t a l l e d  by a c r a n e  on 

t h e  s u b s t r u c t u r e ,  a l l  w i thou t  any d i s m a n t l i n g  of  

t h e s e  s e c t i o n s .  Approximately 4 -weeks of con- 

s t r u c t i o n  t i m e  cou ld  be  saved .  

1 .3  Combustion Chamber 

The normal d e s c r i p t i o n  of , t h e  i n c i n e r a t i o n  p r o c e s s  

s h a l l  : no t  be  r e p e a t e d  here - - ra ther  , we would l i k e  

t o  h i g h l i g h t  t h e  v i t a l  f e a t u r e s  of  t h e  f u r n a c e  

d e s i g n . .  C e r t a i n l y ,  t h e  g e n e r a l l y  accep ted  s t a n d a r d s  

such  a s  minimum t empera tu re  and . r e s i d e n c e  t i m e  a r e  , $... 

impor t an t .  ~ e s i d e s  t h e . .  shape  o f  t h e  combustion' , 

chamber, t h e  d e t a i l s  of t h e  . secondary a,ir i n j e c t  i o n  

and, f o r  h i g h e r  heat ing  vs.li.le cases, t h e  c c o l i n g  of  

t h e  s i d e  w a l l s  a r e  e q u a l l y  e s s e n t i a l . .  

The shape  of  t h e  combustion chamber and t h e  i n j e c -  

t i o n  of t h e  secondary a i r  bo th  have t o  be  looked 

1 a t  t o g e t h e r .  In o r d e r  t o  c l i m i n a t e  c o r r o s i o n  i.n 

t h e  downstream waste h e a t  b o i l e r ,  complete combus- 

t i o n  o f  t h e  g a s e s  ( v i r t u a l l y  a l l  CO o x i d i z e d  t o  C O Z )  
, . , .  

m u s t  be a c h i e v e d .  T h e r e f o r e ,  the f l u e  gases  f lowing  



upwards from t h e  bed are t o  .be thoroughly  mixed 

' w i t h  t h e  secondary a i r ;  no dead c o r n e r s  a r e  t o  

occu r .  I n  view o f  t h e  p e n e t r a t i n g  d e p t h s  of  a  

f r e e  a i r  j e t ,  c r o s s  s e c t i o n a l  r e d u c t i o n  is , 

n e c e s s a r y .  T h i s ,  . p l u s  t h e  a t tempt .  t o  minimize 

o v e r a l l  h e a t  l o s s ,  de te rmine  t h e  shape.  of t h e  

' combustion chamber. , , 

, . , . 

Fur thermore ,  t h e  p e r f o r a t e d  ceramic  p l a t e s  have 
. . 

t o  be ment ioned.  They are i n s t a l l e d  i n  t h e  re- 

g i ~ n  o f  t h e  maximum bed t empera tu re .  T h i s .  is 

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

and s o - c a l l e d  c i t y - t y p e  composi t ion.  If  a p l a n t  

is o p e r a t e d  wi thout  t h e s e ,  s l a g  growth on t h e  s i d e  

w a l l s  w i l l  r e s u l t .  T h i s  is due  t o  t h e  g a s  temper- 

a t u r e  j u s t  above t h e  r e f u s e .  bed be ing  h i g h e r  t han  

t h e  a s h  m e l t i n g  p o i n t .  By blowing a i r  th rough  

t h e  h o l e s  of  t h e s e  p e r f o r a t e d  p l a t ' e s ,  t h e  s i d e  

w a l l s  are n o t  o n l y  c o o l e d ' b e l o w  t h e  c r i t i c a l  

t empera tu re ,  b u t  t h e  g a s  streams are d i v e r t e d . '  

The e x p e r i e n c e  made w i t h  s u c h l i k e  sys t ems  proves  

the s u i t a b i l i t y  of t h e  components and concept .  

The t o t a l  a i r '  q u a n t i t y  s u p p l i e d  f o r  i n c i n e r a t i o n  
. . 

is not  h i g h e r  t h a n  i n  u n i t s  w i thou t  s i d e  w a l l  

cooling---a p o r t i o n  o f  i t  w i l l  b e  p u t  t o  t h e  account  

of t h e  secondary a i r ,  t h e  o t h e r  p a r t  t o ,  t h e  pr imary 



combust i on  a i r .  

Nowadays, combustion chambers are water-wal l  

coo led .  I n  o r d e r  t o  p r o t e c t  t h e s e  s u f f i ~ e n t l y  

from t h e  o c c a s i o n a l l y  a g g r e s s i v e  f l u e  g a s e s ,  t h e  

lower p a r t  is s tudded  and covered w i t h  r e f r a c t o r y  

ramming m a s s .  The d e s i g n  p r a c t i c e  a l l ows  on ly  

f o r  u n p r o t e c t e d  t u b e  w a l l s  above t h e  zone,  where 

expe r i ence  c l e a r l y  demons t ra tes  t h a t  t h e  combus- 

t i o n  p r o c e s s  is completed.  

\ 
1 .4  I n t e g r a t e d  . ~ Bo' i ler  

Van, R o l l .  nowadays d e s i g n s  and i n s t a l l s  t h e  so-  

c a l l e d  t a i l - e n d  b o i l e r .  T h i s  is a h o r i z o n t a l  

p a s s ,  pu re  convec t ion- type  w a s t e  h e a t  b o i l e r ,  

c o n s i s t i n g  of g a s - t i g h t  o u t s i d e  w a l l s  and hea t  

t r a n s f e r  s u r f a c e  :e lements .  i n  t h e  form of t u b e  

panne1.s o r  t u b e  banks.  
. . 

PIG. 4 - VON ROLL (TYPICAL) TAIL-END BOILER 



The t u b e  s p a c i n g  (c rosswise) '  decreas 'es  i n  t h e  

f low d i r e c t i o n  (7" ' t o  3+") w h i l e  t h e  t u b e  bank 

spac ing '  remains, c o n s t a n t  ( 4  3/411). 
. . .  

special. a t t e n t i o n  ' is p a i d  t o  t h e  i n l e t  ' s e c t i o n  

o f  t h e  b o i l e r  w i t h  r e s p e c t  t o  f low evenness  and 

m a x i m  temperatu 're.  The sequence d f  t h e '  h e a t  
. . 

t r a n s f e r  s t a g e s  is, as f o l l o w s  : 

e v a p o r a t o r  t u b e  'banks ,;, 

secondary s u p e r h e a t e r  t u b e  banks 

pr imary s u p e r h e a t e r  t u b e  banks . '  , ' . -: ., 

. . 
e v a p o r a t o r  t u b e  banks 

economizer t u b e  banks 
, . . . 

Normal steam d e s i g n  parameters  are 5 0 ,  bar/400° C 

(725 p s i / 7 5 0 ° ~ ) ,  i n  some cases one  goe,s f o r  , 

maximum dond i t  i o n s ,  which a r e  1,imited by economic 

c o n s i d e r a t i o n s  . (h ighe r  t he rma l  e f f i c i e n c y  v s .  t h e  

u s e  o f  s p e c i a l  a l l o y s  f o r  t h e  s u p e r h e a t e r )  t o ,  s a y ,  

4 5 4 ' ~  ( 8 5 0 ~ ~ ) .  However, e s p e c i a l l y  i n  t h i s  c a s e ,  

t h e  arrangement and des ign  t a k e  i n t o  account  t h a t  

t u b e  banks a r e  some t imes . to  b e  r e p a i r e d l r e p l a c e d .  

I n  o r d e r ' t o  maximize a v a i l a b i l i t y  of  a p l a n t ,  such  

a removal must b e ' p o s s i b l e  th rough  t h e  r o o f .  

. . .  



Cleaxiing o f  t h e  t u b e s  is  done by means! of  m e c h a n i c a l  
. . . . . . .  . . 

. r a p p i n g .  . . With , . ,  t h i s  system;_hammers mounted on a 
. .- .. . . . ._. . . , .  . 

. t. . . 
> .  

' . .. . :  , 
motor -d r iven  s h a f t  r u n n i n g  a l o n g  e i t h e r  s i d e  o f  

. . . .. 
t h e  b q i l e r ,  h i t  t h k  p a n e l  h e a d e r s  v i a  ' t h e  k n o c k i n g  

p i n .  

1 panel header , 

2 'tube w a l l  

3 knocking pin ' 

4 hammer 

5 shaf t  

6 .  noise  insulat ion 

7 heat insulat ion 
.. . 

F I G .  5 - VON ROLL BOILER RAPPING SYSTEM 

. . 

The r a p p i n g  s y s t e m  is normal ly  a c t i v a t e d  o n c e  a 

. s h i f t ,  : du r ing  s e v e r a l  miiutes. .  ' .   his. c l e a n i n g  
. . 

d e v i c e ,  combined w i t h  t h 6  ' o v e r a l l  de s ign  f e a t u r e s  
- .  . 

( t e m p e r a t u ' r k s ,  f l o w ,  f l o w  d i s t r i b u t i o n )  r e s u l t  i n  

riser t h 'es  e x c e e d i n g  20 , 000 h o u r s ,  a c t u a l l y  ex- 

p e r i e n c e d .  1; q u i t e  a number o f  i n s t a l l a t i o n s .  
. , . . . .  



3 - .  
so2: 200-500' mg/Nm. based on 11% '02 (70-175 ppm) 

, , 
NOx: 200-400 ing]~m3 baked' on 1.1% O2 ( c a l c .  a s  No2) 

(98-196 ppm) 
. . 

CO: 50-200 m g / ~ m 3 '  based o n  11% 02, (40-160 ppm) . 

Obvious ly ,  t h e s e  f i g u r e s  do no t  on ly  depend on 

t h e  l o c a t i o n ,  b u t  are a l s o  s u b j e c t  t o .  s e a s o n a l  

changes: The most s t r i n g e n t  s t a n d a r d  p r e s e n t l y  

a p p l i e d  ( t h e  'above mentibned ,German TA-Luft ) ' 
. 

I >. 
s p e c i f i e s  t h e  foll .owing l i m i t s  : 

. . 

C h l o r i n e s  ( a s  ~ 1 - )  max . . .  100 mg/Nm ( 6 3 ~ ~ m )  

F l u o r i n e s  ( a s  ~ - 1  max. . ' 5 'mg/~m ( 5 . 9  ppm) 

S02 depending on  l o c a t i o n  

CO max. 1 gr/ Im 3  
(800 P P ~ )  

A s  c an  be  concluded from t h e  above,  i t  is 

normal ly  o n l y  t h e  HC1 c o n c e n t r a t i o n  which is 

beyond t h e  limits set by t h i s  (German) s t a n d a r d .  

The very o f t e n  r e f e r r e d  t o  SO2 c o n t e n t  would 

o n l y  b e  c r i t i c a l  i n  areas where t h e r e  is al-  

ready  a h igh  i n d u s t r i a l  c o n c e n t r a t i o n  ( t h e '  
-- 

l o c a l l y  d e f i n e d  l i m i t  w i . 1 1  be  based on t h e  
, . .. . .  .. 

e m i s s i o n ) .  I f  a p l a n t  is t o  be  b u i l t  i n  ac- 
- .  

cordance  w i t h  t h e  above. s p e c i f i c a t i o n ,  t h e r e  
. , .  

. ,., 

are a t  p r e s e n t ,  two e s t a b l i s h e d  . .  . p.rocess  t ech -  
. . L  . .  . 

. .  . . . 

n o l o g i e s  t o  be chosen from: 



1 . 5  F l u e  Gass C l e a n i n g  

( a )  P a r t i c u l a t e  C o n t r o l  

Except  f o r  s m a l l  u n i t s  i n  some c o u n t r i e s ,  a 

r e f u s e  i n c i n e r a t i o n  p l a n t  w i l l  be e q u i p p e d  

w i t h  a n  e l e c t r o s t a t i c  p r e c i p i t a t o r .  The 

s t a n d a r d  pe r fo rmance  o f  s u c h  a u n i t  ,is a t  a 

c o l l e c t i o n  e f f i c i e n c y  o f  97 t o  99%. S e r i e s  

o f  measurements  show t h a t  ' t h e  p a r t i c u l a t e  con-. 

c e n t r a t i o n  a t  t h e  i n l e t  is a t  a p p r o x i m a t e l y  

02. With t h e  n o r m a l l y  selected 2 - s t a g e  ( h o r i -  
'I 

z o n t a l )  d r y  o p e r a t i n g  t y p e ,  p a r t i c u l a t e  o u t -  

l e t  c o n c e n t r a t i o n  w e l l  u n d e r  t h e  g e n e r a l l y  

r e q u i r e d  l i m i t  o f  1 0 0  r n g / ~ m 3  ( 0 . 0 4  g r a i n / S c f  ) 

is a c h i e v e d .  

( b )  Chemical  C o n t r o l  

S i n c e  t h e  German s t a n d a r d  "TA-Luft" w a s  im-  

p l e m e n t e d ,  n l e c t r o s t a t  i c  p r e c i p i t a t i o n  a l o n e  

is, i n  c e r t a i n  p l a c e s ,  no l o n g e r  s u f f i c i e n t  . 
Q u i t e  a number o f  measurements  o f  t h e  . c h e m i c a l  

c o m p o s i t i o n  o f  t h e  f l u e  g a s  i n  s e v e r a l  p l a n t s  

show t h e  f o l l o w i n g :  
e 

HCL :. 500-1000 r n g / ~ m 3  . based . o n  11% O2 (310-820 ppm) 

HF:  5- 1 0  r n g / ~ m 3  based o n l l $  O2 (5 .6-11.2  ppm) 
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o b j e c t e d  t o .  F i n a l  s e l e c t i o n  o f  t h e  technology 

has  hence t o  b e  based on l o c a l  c o n d i t i o n s /  
. . 

p o s s i b i l i t i e s .  

1 . 6  o t h e r  . ~ o l l ' u t  ion  C o n s i d e r a t i o n s  

( a )  Water E f f l u e n t s  

I f  t h e  w e t  s c rubb ing  s t a g e  mentioned under 

1 .5  is d i s r e g a r d e d ,  t h e n  a  refuse- to-energy 

p l a n t  produces  no was te  water o t h e r  t h a n  
. . 

an o c c a s i o n a l  blow-down from t h e  b o i l e r  

and d e m i n e r a l i z a t i o n  p l a n t ,  and t h e  s u r f a c e  

water c o l l e c t e d  i n  t h e  d r a i n a g e  system.  

S o l i d  r e s i d u e s  are g e n e r a t e d ' a s  a s h  from 

t h e  g r a t e s  and a s h  from t h e  p o l l u t i o n  con- 

t r o ' l  sys tem.  o f  a l l  t h e  a sh  g e n e r a t e d ,  

about  .lo% r e s u l t s  from . t h e  p o l l u t i o n  con- 

t r o l  sys tem,  A l l  a s h  material is u s u a l l y  

l and f  i l l e d .  However, i n  c e r t a i n   instance.^, 

t h e s e  r e s i d u e s  are' be ing  r e c y c l e d ,  Re-use 

of t h e  c l i n k e r  as  b a s e  material' f o r  road ' . , ' '  

c o n s t r u c t i o n  is. s t i l l  p r a c t i c e d  i n  some 

casco'. I n  t h e  b4editerranea.h c n i ~ n t r i e s  ,. 

t h e  i r o n  i,s removed f r o m . t h e  c l i n k e r  and 

r e c y c l e d  t o  t h e  s teel  m i l l s .  



. . ( c )  Noise . . 

; I  . . . 

S p e c i a l  a t t e n t i o n  is a l s o  p a i d  t o  t h e  

n o b e  l e v e l  o f  t h e s e  p l a n t s .  Leve l s  o f  

50 , -  60; dB a t  t h e  . p l a n t  . bounda r i e s  can be 
, .  . * 

achieved .  

, . . . 

' ( d )  n esthetics " 

Ever  s i n c e  refuse- to-energy p l a n t s  have ' 

. .  . > -  

been b u i l t  i n  ~ u r o ~ e '  f o r  d i s t r i c t  h e a t i n g  

pu rposes ,  t h e y  have been l o c a t e d  nea r  r e s i -  
. .  . . , 

d e n t i a l  a r e a s .  E.g., ' t h e  one p l a n t  i n i t a l l y  . 

mentioned i n  Berne,  S w i t z e r l a n d ,  is s u r -  

rounded by apar tment  h o u s e s .  T h e r e f o r e ,  

Von. Ro.11, is accustomed t o  working c l o s e l y  
. . 

. . . . 
t o g e t h e r ,  w i t h . ' c i t y  p l a n n e r s  and a r c h i t e c t s  t o  

make s u r e  t h a t  t h e  , p l a n t s  ,abso'aggeal to the 

p u b l i c  s e n s e  o f  . a e s t h e t i c s .  . .  . . 

v 

2. Design Advant'ages . . . . . . ,. 

\ 
Von R o l l  s t a n d s  . f o r  t h e  . . complete  p r o c e s s  t echno logy ,  com- 

p r i s i n g  t h e  g r a t e ,  . t h e  b o i l e r ,  t h e  g a s  c l e a n i n g  s t a g e  and 

a l l  a c c e s s o r i e s .  One technology  f o r  one p l a n t  p r e v e n t s  
0 

d i s p a r i t y  i n  .concept and s u p p l i e s .  I n  s h o r t ,  some of 

t h e  adv .an tages  can be  summarized , .  as f o l l o w s  : . 

Grate: - Simple e r e d t i o n  of  t h e  assembly,  easy  re- 



placement p rocedure  and minimized s t o c k  

. .  , .  requirement, as on ly  one. t y p e  of : b l o c k  
. . 

is used ;  

- p r o p e r  a i r  d i s t r i b u t i o n  and c o o l i n g  of 

g r a t e  b locks  t o  i n c r e a s e  l i f e  s p a n ;  

Combustion Chagber: . . . - ,Opt  . , Lmized combinat ion of  chamber shape  

and secondary a i r  i n j e c t  i o n  a r rangements  ; 

. ..,- f l e x i b i l i t y  . w i t h  r e s p e c t . .  t o  h e a t i n g  v a l u e  

v a r i a t i o n s  due t o  ba lanced  combinat ion of  

. water w a l l ,  p e r f o r a t e d  p l a t e s  and re- .. . 

: f r a c t o r y  mass;  .<I 

I n t e g r a t e d  b o i l e r :  -:- optimum combinat ion of t u b e '  spac ing  and 

l a y o u t  w i t h  c l e a n i n g  d e v i c e ;  

- sound.  concept  des igned .  t o  c o u n t e r a c t  
. . 

.. , 
c o r r o s i o n  f o r  t h e  s a k e  of  r e l i a b i l i t y ;  

G a s  c l e a n i n g  : - one s t e p  ahead of  t h e  r equ i r emen t s  due 

t o  t h e  expe r i ence  i n  t h e  even more de- 

manding: f  ie1.d o f  f l u e  g a s  t r e a t m e n t  f o r  

hazardous waste i n c i n e r a t i o n  p l a n t s .  

The e x p e r i e n c e  ga ined  i n  all t h e  Von R o l l  ha s  been con- 
, . 

t i n u o u s l y  ificorporatrd i n  the des ign .  T h i s  e n s u r e s  t h a t  t h e  
. . 

p l a n t s  are based on an up- to-da te  t echno logy ,  and a t  t h e  same 

t ime ,  enjoy. an e x t r e m e l y  h i g h . r e 1 i a b i . l i t . y .  



. - 
3. Co-disposal  U n i t s .  

The d i s p o s a l  .of s l u d g e  from a mun ic ipa l  waste water 

t r e a t m e n t  p l a n t  can  . e a s i l y  be  combined. w i t h  a m a s s .  

burn ing  r e f u s e  p l a n t ,  F ive  co -d i sposa l  p l a n t s  of 

Von R o l l  are p r e s e n t l y  i n  o p e r a t i o n .  

S t r a i g h t f o r w a d  bu rn ing  o f  u n d r i e d  s l u d g e ,  toge t -her  wi th .  , :  

r e f u s e ,  is no s o l u t i o n  (plsuiirnum- amount of . s l udge ,  about 

5%).  ~ r ' i a l s  t o  b l end  dewateied ' s l u d g e  (say 40 - 50% 

dry  s u b s t a n c e )  w i t h  t h e  munic ipa l  r e f u s e  and t o  f e e d  . 

t h i s  t o  t h e  i n c i n e r a t o r  have shown u n s a t i s f a c t o r y  r e s , u l t s .  

I n  such  a. s y s t e m ,  approximate ly  '15% of s l u d g e  cou ld  be  

d i sposed  o f ,  bu t  problems w i t h  o d o r s ,  burn-out ,  e t c , ,  
0 

. . . . 
caused t h i s  concept  t o  be  dropped. 

. . .. , 

Two . t e c h n o l o g i e s  have been e s t a b l i s h e d :  

- dewa te r ing /d ry ing  by means o.f t h e  s team g e n e r a t e d  

i n  t h e  b o i l e r ,  subsequent  i n c i n e r a t i o n  o f  t h e  d r i e d  .. 

s u b s t a n c e .  

- dewa te r ing  aad  . d r y i n g  o f  s l u d g e  . i n  a  d r y e r l g r  i n d e r  

by means of. a ,  s i d e s t r e a m  of f l u e '  g a s e s ,  subsequent  

i n b i n e r a t i o n  o f  t h e  dry  produc t  i n  a  d u s t  b u r n e r .  

The o f f -gases , ,  e x  d r y e r l g r i n d e r ,  are r e c y c l e d  back 
, . .  

t o  t h e  i n c i n e r a t i o n  u n i t .  
.. . . . .  . , . . . -' 

The l a t t e r  method is more s o p h i s t i c a t e d  , and ,  ' from ' a' ' I , ,  

hygien ic .po1nt -of -v iew,  p r e f e r a b l e .  



P r e s e n t a t i o n  by Wheelabrator-Fryel h w  ,, 5% 
L. Kenneth Ba t t on  

(V i ce -p res i den t ,  Energy Systems ~ i v i s i o n )  2 

OPERATION 

A .  operating Experience of Average Plant 

RESCO is a joint venture between Wheelabtator-~r~e Inc. 

arid the M. DeMatteo Construction Company of Quincy, 

Massachusetts. Construction began during the summer of 

1973 a'nd in October of 1975 (5 years ago), RESCO received 

its first ton of refuse. 

The facility consists of two 750-ton-per-day refuse-fired 

steam generators and a storage pit having a capacity of 

6,700 tons. RESCO is capable of processing 1,500 tons 

per day. Today, we receive waste from 18 municipalities 

and over 60 private haulers. 

RESCO produces high temperature/pressure turbine quality 

steam (875'~/690 psi) which is sold, to the General Elec- 

tric Company in Lynn, Massachusetts. RESCO has the 

capability of producing 370,000 pounds of steam per hour. 



Let me bring you up to date on our current status: 

Tons Processed - 1.5 million 

Steam Sold - 8.7 billion pounds 

' Ferrous Metals Recovered - 100;OOO tons 

Oil Displaced - .69,million~gallons 

In addition to these statistics,'which, by.,the way, are ' 

unmatched in.this country, we have provided uninterrupted 

disposal service to our contract municipalities and we - t  

have exceeded by nearly 50 percent the required emission 

standards in Massachusetts. The code specifies parti- 

culate removal of .05 grains per scf. RESCO was recently . , 

tested by the Department of EnvYronmental Quality Engineer- . - 

s. 
ing at .026 grains per scf. In summary, our RESCO plant . 

- 
-<*. 

has reached a level of normal commercial operations. 

1. Personnel 

The key to any manufacturing or service-oriented 

facility is the who manage and run the plant. 
1 

A t  RESCO, 'we employ 55 people. Forty-eight are 

responsible for operation and maintenance and seven 

are involved with the administrative and management 

aspects of the plant. .We are non-,union and turnover . 

at RESCO is minimal. , In fact, last month, we . -honored . 

15 people for 5 years of dedicated service at RESCO. 



Twenty-one operators of the facility are all certified 

by the State of Massachusetts as boiler operators. 

Many were power plant operators prior to joining 

RESCO. This, of course, is very important since 

RESCO is essentially a power plant. However, they, 

have learned to respect the fuel, refuse, which, as 

many of us know, is a very humbling material. I 

should add that what it really takes is not just cre- 

dentials; these people are highly motivated and view 

the conversion of refuse to energy as an interesting 

t echnicil chal lenge. 

It is important to note that RESCO will serve as the 

training c'enter for future facilities and our people 

will be the teachers of future RESCO facilities 

operators. Their experience, know-how, and enthusiasm, 

will be passed on to future operating personnel. 

2. Maintenance and Replacement 

During the past 5 years o,f operations at RESCO, we 

have developed a maintenance program which provides 

reliable service to our customexs. Our uair i~enance  

program is based on preventive maintenance procedures 

versus the rebuilding or replacing of components when 

they no longer work. 



During downtimes, whether scheduled or unscheduled, 

we perform, any needed maintenance and thoroughly 

inspect each refuse unit and all support systems. If 

possible, we will ,repair a potential trouble area 

before it causes any uns'cheduled downtime., 

'Major maintenance and replacement projects are per-. 

formed during scheduled annual shutdowns. Our stor- 

age pit is capable of holding in excess of 6,700 

tons, allowing us to have a single unit down for 

extended periods of time. 

1; During the past 5 years, there have been a few problem 

areas which now are handled by our normal maintenance 

program. Let me address just a few of &em. 

(a) Cranes. As you al'l know, the cranes utilized in 

these systems are in service 7 "days per week, 24 

hours. per day. During .initial operations, we 

experienced brake wear .and cable failures due to 
I 

high load demand. . Through design and operating 

changes, the cranes now. operate. .with almost one- ' 

half the maintenance originally projected. We 

now have a maintenance program which assures.the 

continuous availability of the cranes. 



(b)  .Gra tes .  During t h e  i n i t i a l  phases of opera t ion ,  

we learned  t h a t  t h e  meta l lurgy  of t h e  g r a t e s  was 
. \ 

n o t  compatible wi th  t h e  des ign  loadings . .  Our 

approach t o  so lv ing  t h i s  .problem was t o  r e f a b r i -  

c a t e  t h e  g r a t e  system u t i l i z i n g  one .of Wheela- 

b r a t o r ' s  p r o p r i e t a r y  a l l o y s .  I n  a d d i t i o n ,  we 

have redesigned t h e  u n d e r s t r u c t u r e  of t h e  g r a t e  

suppor t  system, which has  enhanced t h e  g r a t e  

opera t ions  and extended t h e  g r a t e  l i f e .  

(c) C o r r o s i o n .  We had a n t i c i p a t e d  f i r e s i d e  tube 

metal  co r ros ion  upon t h e  s t a r t u p  of RESCO. We 

i n s t i t u t e d  a resea rch  program t o  r e s o l v e  t h i s  

from t h e  beginning. Our approach w a s  t o  so lve  

t h e  problem and 'not  t o  view i t  as. a  normal 

maintenance procedure o f . r e p l a c i n g  b o i l e r  t u b e s ,  

when they  began leaking .  Through a  change i n  

des ign  and metul lurgy,  we have experienced 3 
' years  of  opera t ion  without  a forced  outage 

r e s u l t i n g  from cor ros ion .  

3 .  Design Versue Actual Throughput 

The design c a p a b i l i t y  of RESCO i s  1,500 t o n s  per  day. 

This  year ,  we w i l l  p rocess ,  on a . y e a r l y  average;  

1 ,100 tons  per day. . ,  



B. Operat ing Philosophy 

The RESCO opera t ing  philosophy i s  based on t h r e e  commit- 

ments. 

1. D i s ~ o s a l  of  Waste f o r  Our Customers 

The s o l i d  waste d i sposa l  problem i s  t h e  primary rea-  

son  t h e s e  f a c i l i t i e s  a r e  b u i l t .  Our opera t ions  a t  

RESCO focus  on providing a r e l i a b l e  w a s t e  d i s p o s a l .  
\ 

. ' .- 
s e r v i c e  t o  our customers. 

. , 

'2. Energy Product ion t o  General . E l e c t r i c  

W e  have a long-term c o n t r a c t  w i t h  t h e  General Elec- 

t r i c  Company t o  \suppljr h igh  tempera ture lpressure  

steam. ' W e  work very  c l o s e l y  wi th  General E l e c t r i c  t o  
. . 

e n s u r e  t h a t  we may be a b l e  t o  met t h e i r  needs. I n  

f a c t ,  we w i l l  schedule downtime during pe r iods  when 

General  E l e c t r i c  does not  need t h e  steam. 

F inanc ia l  Return . . . . 

RESCO i s  s e t  up a s  a bus iness  c e n t e r  f o r  Wheelabrator- 

Frye and t h e  M. DeMutteo Const ruc t ion  Company.. Since 

l a s t  December, RESCO h a s  been p r o f i t a b l e  t o  t h e  

p a r t n e r s .  



Approach t o  ~ e l i a b i l i t ~  

1. Redundancy 

L 

RESCO i s  designed wi th  100 pe rcen t  redundancy i n  a l l  

major opera t ing  components and subsystems. Our 

scheduled b o i l e r  maintenance program has  minor impact 

on t h e  p l a n t ' s  r e f u s e  r ece iv ing  c a p a c i t y  f o r  t h e  

fo l lowing "reasons : 

a Extra  r e f u s e  burning c a p a c i t y  'is. provided. . 

Based on known present-day r e f u s e  q u a n t i t i e s ,  

t h e . ' p l a n t  i s  designed t o  normally opera te  wi th  

two b o i l e r s ,  each opera t ing  a t  85 pe rcen t  capa- 

c i t y .  With one b o i l e r  down, t h e  o t h e r  b o i l e r  

can s t i l l  handle . the r e f u s e  i n f l u x  by opera t ing  

a t  110 pe rcen t  of i t s  r e f u s e  des ign  r a t i n g .  

Concurrent ly,  r e f u s e  can be accumulated i n  t h e ,  
. . 

s t o r a g e  p i t  f o r  16 days. . .  . 

a Equipment s e r v i c i n g  more than  one b o i l e r  has  

adequate  s tandby c a p a c i t y  and standby u n i t s .  It 

i s  u n l i k e l y  t h a t  more than  one b o i l e r  w i l l  be 

down a t  a  time because of a u x i l i a r y  equipment 
,. . . . . .  

outage.  s p a r e  equipment i s  a s  fol i6ws : 
4 '  ' . .  . . . .  - 

. , 

Each b o i l e r  i s  s e r v i c e d  by two c l i n k e r  ash  

and 'meta l  removal systems. 



- Boi le r  feedwater system equipment i s  spared 

o r  can. be bypasse'd. 

- Two r e f u s e  cranes  a r e  provided.  Each- crarie 

has  a  capac i ty  of 1,600 t o n s  per day. With 

one crane  down, t h e  remaining opera t ing  

c rane  can adequate ly  mainta in  feed on t h e  

two boi1er.s.  

2. Derat ing Throughput 

We have observed a t  RESCO t h a t  t h e  nominal c a p a c i t y  

, of  each u n i t , ,  which was r a t e d  a t  600 t o n s  per  day, i s  

more. on t h e  order  of t h e  design c a p a c i t y  (750 '  t ons  

per  day) .  I n  f a c t ,  we b e l i e v e  t h a t  RESCO could 

opezate  c o n t i n u a l l y  a t  1,300 t o  1,400 tons  per  day 

wi thout  any changes. 

3 .  . I n d u s t r i a l  Design C r i t e r i a  Versus ~ u n i c i ~ a l ' ~ e s i ~ n  - 

C r i t e r i a  

The a b i l i t y  t o  ensure r e l i a b l e  s e r v i c e s  t o . o u r  

customers would not  have-been  p o s s i b l e  without  t h e  

e x c e l l e n t  q u a l i f i e d  personnel'  and t h e  a b i l i t y  t o  ' . 

address  problems expediously.  A s  I i n d i c a t e d  e a r l i e r ,  

our. o p e r a t i n g .  approach t o  a s s u r e  r e l i a b i l i t y  i s  t o  
A 

monitor a1 1 components ' and subsys tems on a  continuous 

bas i s .  Repai rs  and maintenance w i l l  be performed 



before potential failures can occur. All systems are 

serviced on a continuous basis. 

Our whole approach to refuse to energy is to operate 

as a business with commercial level demands, includ- 

ing primarily reliable customer service both to 

muncipalities needing waste disposal and to our 
'r 

energy customer. 
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P r e s e n t a t i o n  by Whee1abrato.r-Frye I n c .  
John M. Kehoe, J r .  

(V. ice-Pres ident  and General, Manager, Energy Systems D i v i s i o n )  

T h i s  p a r t  o f  o u r  p r e s e n t a t i o n  w i l l  d e s c r i b e  t h e  Economics 

and American m a r k e t i n g  p h i l o s o p h y  f o r  refuse- to- .energy p l a n t s .  

p roposed  by Whee labra to r -  F r y e  i n  t h e  U.S. 

ECONOMICS 

I t  is d i f f i c u l t  t o  g i v e  " r e p r e s e n t a t i v e 1 '  economi'cs f o r  

any g i v e n  p r o j . e c t  b e c a u s e  o f  t h e  wide  v a r i a b i l i t y  o f  l o c a l  

c o n d i t i o n s '  which a f f e c t  ' c o s t s  f o r  refus .e- to-energy p l a n t s  and 

b e c a u s e . o f  s i g n i f i c a n t l y  d i f f e r e n t  r e v e n u e  streams g o i n g  t o  

t h e  p r o j e c t  'from r e f u s e  d i s p o s a l  fees and e n e r g y . s a l e s .  Some 

g e n e r a l i z a t i o n s ,  however,  can  be made r e g a r d i n g  t h e  economics  

o f  t h e s e  p r o j e c t s .  These  a r e  d e s c r i b e d  below. 

A .  ~ ~ ~ i c a l  C a p i t a l  and O p e r a t i n g  C o s t s  

1. C a ~ i t a l  C o s t s  

The c a p i t a l  and o p e r a t i n g  c o s , t s  f o r  a r e f u s e - t o - e n e r g y  

p l a n t  w i l l  v a r y  from r e g i o n  t o  r eg ion- .  The c a p i t a l  c o s t  h a s  

s i g n i f i c a n t  d i f f e r e n c e s , .  depend ing  on s u c h  f a c t o r s  a s :  s i t e  

a c q u i s i t i o n  and p r e p a r a t i o n  r e q u i r e m e n t s ,  a v a i l a b i l i t y  and r a t e s .  

for c o n s t r u c t  i o n  l a b o r ,  e x t e n t  o f  c u s t o m e r - s p e c i f  i c  r e q u i r e m e n t s .  

such  as a e s t h e t i c s . ,  r edundancy ,  and  e n e r g y  marke t  n e e d s ,  and 
. . '  

t h e  ma ' tching 'of  f a c i l i t y  d e s i g n  w i t h  e n e r g y  o u t p u t  r e q u i r e d .  

~r exampl.e, t y p i c a 1 l . y  a t u r b i n e  g e n e r a t  ion .  s y s t e m  a l o n e  w i l l  

increase t h e  c a p i t a l  c o s t  by a b o u t  15% t o  20%. 



On a t h r o u g h p u t  b a s i s ,  a 1 , 5 0 0  ton-per-day e lec t r ic  

power g e n e r a t i o n  r e f u s e - t o - e n e r g y  p l a n t  w i l l  c o s t ,  i n  t o d a y ' s  

, d o l l a r s ,  i n  t h e  $80 t o  $100 m i l l i o n  r a n g e .  T h i s  r e p r e s e n t s  a 

c a p i t a l  cost i n v e s t m e n t  t o  t h e  p r o j e c t  on t h e  o r d e r  o f  $15 t o  

$25 p e r  t h r o u g h p u t  t o n ,  . d e p e n d i n g  upon f i n a n c i n g  a s s u m p t i o n s ,  

cost o f  d e b t ,  and amount o f  d e b t  r e q u i r e d  f o r  t h e  p r o j e c t .  

2. O p e r a t i n g  C o s t s  

O p e r a t i n g  costs  v a r y  w i d e l y  w i t h  t h e  p r o j e c t ,  depend ing  

on  s u c h  f a c t o r s  as o p e r a t i n g  l a b o r ,  . u t i l i t i e s ,  materials and  

s e r v i c e s  r e q u i r e m e n t s ,  and o t h e r  p r o j e c t  s p e c i ' f i c  . c o s t s ,  s u c h  

a s ,  l a n d  p u r c h a s e  o r  r e n t a l  f e e s ,  p r o p e r t y  t a x e s ,  h o s t  cornmu- ... : .,:. . 

n i t y ,  f e e s ,  and r e s i d u e  d i s p o s a l  costs.  T y p i c a l l y ,  t h e  opera -  . . 

. t i o n  c o s t s  f o r '  a  1 , 5 0 0  ton-per-day r e f u s e - t o - e n e r g y  e lectr ic  

power p r o j e c t  w i l l  r a n g e ,  i n  t o d a y ' s  d o l l a r s ,  i n  t h e  v i c i n i t y  

o f  low-to-mid t e e n s  p e r  t o n  th . roughpu t .  I n c l u d e d  i n  t h i s  

f i g u r e  a r e  a l l  t h o s e  cosf;s that mamy t.i.,rnes are c s l l o d  pnao- . . 

t h r u l s ;  s u c h  a s  t a x e s  ( o r  payments  i n  l i e u  o f ) ,  u t i l i t i e s ,  

( w a t e r ,  e l e c t r i c ,  e t c ) ' ,  i n s u r a n c e  and t h e  l i k e .  If  t h e s e  

c o s t s  a r e  n o t . l o o k e d  upon a s  t r w e . o p e r a t i n g  c o s t s ,  t h e n  t h e  

o p e r a t i n g  c o s t  p e r  t o n  would be i n  t h e  s i n g l e  d i g i t  r a n g e .  

3 .  R e l i a b i l i t y  and ~ e d u n d a n c y  

. . O p e r a t i n g  c o s t s  can  r e d u c e  s i g n i . f i c a n t l y  i f  p l a n t  r e l i a -  

. . 
b i l i t y  and redundancy is h i g h .  I t  is  o u r  e x p e r i e n c e  t h a t  t h e  

key  p r e r e q u i s i t e  t o  m a i n t a i n i n g  a  h i g h  l e v e l  of r e l i a b i l i t y  . , 

is a  w e l l - t r a i n e d ,  h i g h l y  m o t i v a t e d  o p e r a t i n g  s t a f f .  We'have 

found  a t  o u r  RESCO p l a n t ;  f o r  example ,  a l t h o u g h  o p e r a t i n g  p e r -  

s o n n e l  a r e  p a i d  premium wages ,  t h e i r  e f f o r t s  more t h a n  cornpensate 

i n  t h e  r e l i a b i l i t y  o f  t h e  f , a c i l i t y .  



Redundancy is g e n e r a l l y  e x p r e s s e d  a s  a c u s t o m e r  r e q u i r e -  

ment and re la tes  t o  t h e  a v a i l a b i l i t y  o f  a l t e r n a t i v e  d i s p o s a l  

f a c i l i t i e s .  I f  a  cus tomer  r e q u i r e s  s u f f i c i e n t  r e l i a b i l i t y . t o  

- - g u a r a n t e e  100% d i s p o s a l  i n  p r o c e s s i n g  t h r o u g h  t h e  p l a n t ,  t h e n  

a lmos t  w i t h o u t  q u e s t  i o n ,  ' s i g n i f i c a n t  redundancy w i l l  p r o b a b l y  

b e  b u i l t  i n t o  t h e  p l a n t .  I t  is o u r  e x p e r i e n c e  a g a i n  t h a t  w i t h  

a h i g h l y  s k i l l e d  o p e r a t i n g  s t a f f  and w i t h  dependab le  t e c h n o l o g y ,  

s i g n i f i c a n t  r e l i a b i l i t y  can  b e  a c h i e v e d  w i t h  two o p e r a t i n g  f u r -  

n a c e s ,  o p e r a t i n g '  a t  commercial  scale w i t h  minimal  need f o r  backup 

l a n d f i l l .  However, i n  t h o s e  m a r k e t s  h a v i n g  l i m i t e d  a l t e r n a t i v e  

d i s p o s a l  a v a i l a b l e ,  w e  would p r o b a b l y  s u g g e s t  c o n s i d e r a t i o n  b e  

g i v e n  f o r  a t  l e a s t  ' t h r e e  commerc ia l - sca le  u n i t s  i n  p l a c e  t o  

a s s u r e  r e l i a b l e  w a s t e  d i s p o s a l  s e r v i c e .  We ha.ve s e e n  i n  some 

s i t u a t i o n s  where a r e f u s e - t o - e n e r g y  p l a n t  might  be  b u i l t  on o r  . , 

c o n t i g u o u s  t o  an e x i s t i n g ,  e n v i r o n m e n t a l l y  approved . s a n i t a r y  . . .. ,... 

l a n d f i l l .  The approach  h e r e  would b e  t o  u s e  fewer  u n i t s ,  a n d -  .?," . 

u s e  t h e  l a n d f i l l  a s  t h e  emergency backup d u r i n g  unschedu led  and 

s c h e d u l e d  o u t a g e s .  The p h i l o s o p h i c a l  i n t e n t  h e r e  is t o  c o n s e r v e  

t h e  l a n d f i l l  c a p a c i t y .  by r e d u c i n g  volume t h r o u g h  t h e  e n e r g y  re- 

c o v e r y  p l a n t  w h i l e  p r o d u c i n g  r e v e n u e s  from t h e  s a l e  of  s t eam 

a n d / o r  e l ec t r i c  power.  

4. Maximizing Energy P r o d u c t  i o n  and ~ e v e n u e s  

We have n o t e d  t h a t  a  h i g h e r  t e m p e r a t u r e  and p r e s s u r e  steam 

p r o d u c t  f o r  d i rec t  sale  t o  a  u s e r / c u s t o m e r ,  o r  f o r  e l ec t r i c  

power p r o d u c t i o n ,  j u s t  i f  ies i tse l f -  e c o n o m i c a l l y .  S i n c e  t h e  

sale of e n e r g y  is d i r e c t l y  r e l a t e d  t o  t h e  h e a t i n g  c o n t e n t  of 

p r o d u c t  s o l d ,  t h e  h i g h e r  t h e  t e m p e r a t u r e  and  p r e s s u r e ,  the 

greater the  r e v e n u e  p o t e n t i a l .  T h i s  approach  i s  o f  even  g r e a t e r  



b e n e f i t  when h i g h  t e m p e r a t u r e ,  h igh  p r e s s u r e  steam can be used  

i n  a c o g e n e r a t i o n  a p p l i c a t i o n .  . With c o g e n e r a t i o n ,  t h e  h igh  

t e m p e r a t u r e ,  h i g h  p r e s s u r e  s team can f i r s t . b e  used t o  produce 

e l e c t r i c  power, and s u b s e q u e n t l y ,  t h e  exhaus t  steam can be used  

i n  a  p r o c e s s  a p p l i c a t i o n  t o  a  u se r / cus tomer  a t  h i s  s p e c i f i e d  ex- 

h a u s t  t empera tu re  and p r e s s u r e .  Consequent.ly , o u r  approach is  

t o  produce as' h igh  a  t empera tu re  and p r e s s u r e  energy produc t  ' a s  

t h e  market d i c t a t e s ,  b u t  a t  t empera tu re s  of  about  8 5 0 ' ~ .  T h i s  

a l s o  r e l a t e s  t o  t h o s e  c a s e s  where a  l o c a l  steam u s e r  is  not  a v a i l -  

a b l e  a t  a r e a s o n a b l e  d i s t a n c e  'from a  . p l a n t  s i t e  ; t h e n ,  a condenser  ' 

t u r b i n e  may be used  o n - s i t e . f o r  purposes  of  100% e l e c t r i c  power 

g e n e r a t  i o n .  S i n c e  t h e '  h i g h e r  t h e  t empera tu re  and p r e s s u r e ,  t h e  

g r e a t e r  t h e  e l e c t r i c  energy  o u t p u t ,  o u r  u l t i m a t e  ob jec t . i ve  i s  t o  

o p t i m i z e  energy revenues  t h rough  maximizing steam s a l e s  and k i l o -  

wat t -hour  p roduc t  ion  a t  h igh  t empera tu re  and p re s su re , .  I don ' t 
. . 

mean t o  sugges t  t h a t  t h e r e  a r e  no t  t r a d e - o f f s  i n  producing h i g h e r  ": 

q u a l i t y  s team; c e r t a i n l y  t h e r e  a r e .  For  example, a t  RESCO, h i g h e r  

t empera tu re s  and pre . ssures  r e s u l t e d  i n i t i a l l y , i n  c o r r o s i o n . '  How- 

e v e r ,  w e  have found t h a t  t h e  h igh  q u a l i t y  me ta l lu rgy  used i n  o u r  

RESCO p l a n t  b o i l e r s ,  and t o  be  d u p l i c a t e d  i n  o u r  o t h e r ' p l a n t s ,  

c an  j u s t i f y  t u r b i n e  q u a l i t y  st'eam p roduc t ion .  I t  s h o u l d  be noted 

t h a t  t h e  h i g h e r  m e t a l l u r g y ,  i f  i nc luded  i n  t h e  i n i t i a l  . 

c a p i t a l  c o s t  o f  t h e  p l a n t ,  can be  c a p i t a l i z e d  o v e r  t h e  l i f e  of  

t h e  b o i l e r  t u b e s ,  r a t h e r  t h a n  expensed as  a normal p a r t  of main- 

t enance .  T h i s  h a s  t h e '  a d d i t i o n a l  b e n e f i t  of min'imizing a d d i t i o n a l  

c o s t  i n  t h e  maintenance budge t .  Thus,  t h e  key f a c t o r  t o  minim I 

l i f e  c y c l e  c o s t  'is t o  i n c l u d e  a s  l ong  a  s u p e r h e a t e r  t u b e  l i f e  as 



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

even though  i ts  h i g h  q u a l i t y  m e t a l l u r g y  is  i n i t i a l l y  e x p e n s i v e .  

.B. Approach t o  O p t i m i z i n g  System Economics 

1. F i n a n c i a l  Commitment 

We b e l i e v e  t h a t . a  ma jo r  means o f .  o p t i m i z i n g  s y s t e m  eco- 
. . 

nomics is f o r  t h e  s y s t e m  s u p p l i e r  t o  . c o n t r i b u t e  h i s  own e q u i t y  

c a p i t a l  t o  t h e  p r o j e c t ,  b o t h  a s  an  i n d i c a t i o n  o f  commitment t o  

t h e  p r o j e c t  . a n d  t o  l o w e r  t h e  o v e r a l l  u n i t  c o s t  t o  t h e  p r o j e c t .  

T h i s  is a c h i e v e d  by h a v i n g  t h e  t a x . a n d  d e p r e c i a t i o n  b e n e f i t s  

o f  t h e  p r o j e c t  a c c r u e  t o  t h e  p r i v a t e  owner ,  and s u b s e q u e n t l y  
s .  . .,. 

d i s t r i b u t e d  i n  t h e  d i s p o s a l  f e e  economics .  A s  s u c h ,  b o t h  t h e  

p r i v a t e  o p e r a t o r  and u s e r  communi t ies  g a i n  t h e  t a x - r e l a t e d  

b e n e f i t s  o f  t h i s  approach .  
, . 

2 .  E x ~ e r i e n c e  B e n e f i t s  

A second  f a c t o r  i n  o p t i m i z i n g  s y s t e m  economics  is by i n i -  

t i a t i n g  change t h r o u g h  e x p e r i e n c e .  F o r  example ,  w e  a r e  a b l e  t o  

o p t i m i z e  t h e  d e s i g n  o f  f u t u r e  RESCO p l a n t s  t h r o u g h  hands-on 

e x p e r i e n c e  a t  RESCO. Examples o f  t h e s e  changes  i n c l u d e :  d i f -  

f e r i n g  p i t  and c r a n e  c o n f i g u r a t i o n s  and o p e r a t i o n s ;  o p t i m i z e d  

d e s i g n  i n  f u r n a c e  c o n f i g u r a t i o n ;  a n d  enhancements  i n  b o t h  t h e  

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

o f  t h e  p l a n t .  

Another  related o p e r a t i n g  p h i l o s o p h y  which w e  have  a d o p t e d ,  

is t o  u t i l i z e  and m o t i v a t e  t o  t h e  f u l l e s t  e x t e n t  t h e  o p e r a t i n g  

p e r s o n n e l  o f  t h e  p l a n t .  A s  was ment ioned  e a r l i e r ,  o p e r a t i n g  

s t a f f  is a key f a c t o r  i n  d e t e r m i n i n g  p r o j e c t  s u c c e s s .  Also of 



key importance t o  t h e  s u c c e s s f u l  ope ra t ion .  of  t h e  p l a n t ,  is  

r e l i a b l e  d i s p o s a l  s e r v i c e  and dependable  energy supp ly  t o  t h e  

customer .  To . ,op t imize  sys tem.economics ,  w e  implement a  h i g h l y  

s t r u c t u r e d  m a i n t e n a n c e  program and c o o r d i n a t e  t h i s  program w i t h  

t h e  energy  customer .  The program i n c l u d e s  p r o v i s i o n s  f o r  sche- 

d u l e d  and unscheduled o u t a g e s ,  and c l o s e  c o o p e r a t i o n  w i t h  t h e  

energy  customer  such  t h a t  energy  produc t  is  d e l i v e r e d  when i t  is 

most needed and scheduled  maintenance is performed when t h e  cus- 

t omer ' s .  energy  needs  a r e  minimal.  
. . 

3.  Maintenance Program 
. . 

Another p h i l o s o p h i c a l  f a c t o r  which o p t i m i z e s  o p e r a t i n g  

c o s t s  is a r i g o r o u s  and d e l i b e r a t e  p r e v e n t a t i v e  maintenance '  

program. S i g n i f i c a n t  o p e r a t i n g  c o s t s  sav ings .  acc rue  when a  

p r e v e n t a t i v e  maintenance program can b e  implemented bo th  d u r i n g  

schedu led  and unscheduled o u t a g e s .  The key t o  s u c c e s s  here , ,  
. .. 

is t h e  a b i l i t y  t o  a n t i c i p a t e  p r e v e n t a t i v e  maintenance r e q u i r e -  

ments such  t h a t ,  when o u t a g e s  do o c c u r ,  t h e  ~ r e v e n t a t i v e  main- 

t enance  can b e  e x p e d i t e d  wi thou t  undue de l ay  i n  resuming f u l l  

o p e r a t  i o n s .  

4 .  Produc t  Q u a l i t y  

F i n a l l y ,  o u r  o p e r a t i n g  ph i losophy  is t o  b u i l d  i n  q u a l i t y  

i n t o  t h e  p r o j e c t  from i t s  i n c e p t i o n .  The o l d  addage,  "You 

g e t  what you pay fo r1 ' ,  is e s p e c i a l l y  t r u e  i n  r e s o u r c e  recovery .  

W e  have found th rough  e x p e r i e n c e  t h a t  t h e  most rugged equipment 

p o s s i b l e  f o r . t h e  m a t e r i a l s  h a n d l i n g  a s p e c t s  of  refuse- to-energy 

pays  o f f  s i g n i f i c a n t l y  i n  t h e  f i n a l  a n a l y s i s . .  T h i s  is espe- 

c i a l l y  t r u e  when d e a l i n g  w i t h  a p r o c e s s  o p e r a t i n g  a t  h igh  tem- 

perature and p r e s s u r e .  



To sumparize ,  o u r  o b j e c t i v e  i n  o p t  imiz ing  system economics 

is t o  p rov ide  a ,  commercial s e r v i c e  a t  a c o m p e t i t i v e  p r i c e .  By 

commercial ,  w e  mean j u s t  t h a t  . . .  t h e  a b i l i t y  t o  p rov ide  r e l i a b l e ,  

dependable ,  . env i ronmenta l ly  sound -and economical  s e r v i c e  on a 

c o n t i n u o u s , b a s i s .  Our o b j e c t i v e  is t o  r e l i e v e  t h e  p u b l i c  works 

o f f i c i a l  of  t h e  concerns  f o r  h i s  s o l i d  w a s t e  d i s p o s a l  problem 

once  h i s  m u n i c i p a l i t y ' s  waste c r o s s e s  o u r  s c a l e s .  

C .  I n s t i t u t i o n a l  F a c t o r s  v s .  System Economics 

S e v e r a l  key i n s t i t u t i o n a l  f a c t o r s  e n t e r  i n t o  t h e  system 

economics of  o u r  f a c i l i t i e s .  Some of  t h e  major  f a c t o r s  i n c l u d e :  

env i ronmenta l  r equ i r emen t s ,  a v a i l a b i l i t y  o f  r e f u s e ,  a v a i l a b i l i t y  .. . 

of  competing d i s p o s a l  s e r v i c e s  i n  t h e  area where t h e  p l a n t .  is  1 .. 

proposed,  and t h e  r e l a t i v e ' e c o n o m i c s  of  t h e  v a l u e  of  t h e  energy 

produc t  from t h e  p l a n t .  . . 

1. Environmental  F a c t o r s  

The envi ronmenta l  f a c t o r  is key ,  p a r t i c u l a r l y  as it relates . +  

t o  a i r  p o l l u t i o n  c o n t r o l  r equ i r emen t s  and r equ i r emen t s  govern ing  

r e s i d u e  d i s p o s a l .  I n  some munic ipa l  marke ts  i n  which w e  have 

worked, we have found str ingent  a i r  p o l l u t i o n  c o n t r o l  r equ i r emen t s  

which demand technology  which .might  go beyond t h e  s t a t e - o f - t h e -  

art. Although t h e  removal of p a r t i . c u l a t e  emis s ions  is widely,  

proven w i t h  e l e c t r o s t a t i c  p r e c i p i t a t o r s ,  e f f o r t s  are now under- ,  

way t o  r educe  p a r t i c u l a t e  emis s ions  t h rough  t h e  u s e  of  f a b r i c  

f i l t e r  i n s t a l l a t i o n s .  Our e x p e r i e n c e  s u g g e s t s  t h a t  f a b r i c  . . 

f i l t e r s  can b e  e f f e c t i v e  i n  s i g n i f i c a n t  p a r t i c u l a t e  emiss ion  re- 

d u c t i o n ,  bu t  no t  wi thout  c o s t  and r i s k .  To d a t e ,  o u r  expe r imen ta l  



f i b r i c  f i l t e r  f a c i l i t y  a t  RESCO h a s  demonstrat 'ed t h a t  removal ' 
! 

can be s i g n i f i c a n t ,  b u t ' t h a t  t h e  f a b r i c  l i f e  o f  bags  is s t i l l  

i n c o n c l u s i v e .  Consequent ly ,  t h e r e  is some r i s k  i n  t h e  c o s t  o f  

t h e  f a b r i c  f i l t e r  bag , replacemknts .  ~ l s o ,  w h i l e  ' t h e  emis s ions  

o f  SO, and NOx appear .minima1 from a r e f u s e  p l a n t  i n  comparison 

t o  NSPSS s t a n d a r d s  f o r  coa l -burn ing  power p l a n t s  ,. t h e r e  a r e  .' 

some movements'underway t o  r e s t r i c t  NOx and SO, l e v e i s  from 

re fuse- to -energy  p l a n t s :  W e  q u e s t i o n  f i r s t  , t h e  e x t e n t  'of 

removal r e q u i r e d ,  and second ,  t h e  c o s t  b e n e f i t  t r ade -o f f  f o r  

t h e  u s e  o f  t echnology  which h a s  no t  y e t  been f u l l y  demonstra ted 

a t .  ,commercial s c a l e  f o r  refuse- to-energy f a c i l i t i e s  . ' 

Another r e l a t e d  envi ronmenta l  impact concern is t h e  dispo-  

s i t i o n  of  r e s i d u e .  We s t i l l . b e l i e v e  that much of t h e  r e s i d u e  

m a t e r i a l  from t h e s e  f a c i l i t i e s  c a n ' b e  used  i n  commercial a p p l i -  

. . . cat i o n s ,  however, c e r t a i n  legal  and i n s t i t u t i o n a l  impediments may 

p reven t  t h e i r  u s e .  A s  s u c h ,  t h e y  a r e  viewed as a was t e ,  and, 

must be d i s p o s e d  o f  a c c o r d i n g l y ,  a t  i n c r e a s e d  c o s t  o f  munic ipa l  

d i s p o s a l  s e r v i c e .  Re la t ed  t o  t h i s ,  is a concern r a i s e d  t h a t  

t h i s  r e s i d u e  material might b e  c l a s s i f i e d ,  . . "hazardous" .  D e t a i l e d  
. , 

s t u d i e s  performed i n  ~ a s i a c h u s e t t s  s u g g e s t  t h a t  t h i s  material 
. , 

shou ld  n o t  b e . c o n s i d e r e d  haza rdous ,  a s  i ts  l e a c h a t e  impact ' 

niay be f a r  less t h a n  t h a t  of t h e  raw r e f u s e  from which i t  
' 

came. 

2.  Refuse  A v a i l a b i l i t y  

Another i s s u e '  related t o  i n s t i t u t i o n a l  f a c t o r s  govern ing  

economics is t h e  a v a i l a b l e  r e f u s e  f o r  t h e  p r o j e c t .  I f  r e f u s e  

supply  t o  t h e  c a p a c i t y  of  t h e  p l a n t  is  no t  r eached ,  e i t h e r  because  



~f m i s c a l c u l a t i o n s  on waste g e n e r a t i o n ' ,  o r  b e c a u s e  o f  o t h e r  . - '  

a v a i l a b l e  a l t e r n a t i v e s  d i v e r t i n g  waste from:the p l a n t . ,  a heavy 

p e n a l t y  i n c u r s  t h e  p r o j e c t .  We have  e x p e r i e n c e d  s u c h  a p e n a l t y  

at  o u r  RESCO- p l a n t  ; .  w e  c a u t i o n  o u r s e l v e s  ( a n d  . o t h e r s )  n o t  t o  

make t h e  same mistake a g a i n .  A remedy t o  t h i s  p o t e n k i a l  p ro -  

blem is t h e .  a s s u r a n c e  made by t h e  m u n i c i p a l i t y  i n  i ts  RFP t h a t ,  

i n  f a c t , .  a g u a ~ a n t e e d  q u a n t i t y  o f  waste w i l l  b e  d e l i v e r e d  t o .  

the p l a n t ,  o r  a !?put  . o r  payf1  .provisj .on w i l l  go  i n t o  e f f e c t .  

3. A v a i l a b i l i t y  o f  A l t e r n a t i v e s  

A n o t h e r - r e l a t e d  . i s s u e  is t h e  e x t e n t  t o  w h i c h  a l t e r n a t i v e  

d i s p o s a l  f a c i l i t i e s  might  compete w i t h  t h e  p r o j e c t .  I t  is o u r  

e x p e r i e n c e  t h a t  a l t e r n a t i ' v e s  t o  r e f u s e - t o - e n e r g y  p l a n t s  have  been  . . , 

a v a i l a b l e  t h r o u g h o u t  t h e  c o u n t r y ,  p r i m a r i l y  b e c a u s e  enforcement  

h a s  been  l a c k i n g  i n  c l o s - i n g  down e n v i r p n m e n t a l l y  unsound a l ter -  

n a t i v e s .  T h i s  is p e r h a p s  t h e  major r e a s o n  why t h e  i m p l e m e n t a t i o n  . 

of r e f u s e - t o - e n e r g y  .has  b e e n - s o  s l o w  i n  d e v e l o p i n g  i n  t h e  U n i t e d  . . . 

S t a t e s ,  as c o n t r a s t e d  w i t h  Europe  o r  J a p a n ,  where' l a n d  is a t  

a premium a n d .  n o t  a v a i l a b l e  for  waste dumping. C o n s e q u e n t l y ,  

t o  e x p e d i t e  a re fuse - to -energy  p r o j e c t ,  a r i g o r o u s  program t o  
I '  . 

e l i m i n a t e  c h e a p  e n v i r o n m e n t a l l y  unsound a l t e r n a t i v e s  is n e c e s s a r y ,  

s i n c e  a n  e n v i r o n m e n t a l l y  sound  r e f u s e - t o - e n e r g y  p l a n t  ' cannot  

compete w i t h  dumps. . . .  

T h a t  is n o t  t o  s a y  t h a t  t h e r e  is no need  f o r  l a n d f i l l ;  on 

t h e  c o n t r a r y ;  some amount o f  s a n i t a r y  l a n d f i l l  w i l l  a lways  b e  
. . 

needed.  However, ... . w e  ' b e l i e v e  t h a t  w e  c a n  e f f e c t i v e l y  compete 

r i t h  e n v i r o n m e n t a l l y  complying s a n i t a r y  l a n d f i l l s , ,  p a r t l c u l a r l ~  

when t h e s e  f a c i l i t i e s  are located i n  r e m o t e  a r e a s ,  t h e r e b y  



r e q u i r i n g  a n  a d d i t ' i o n a l  t r a n s f e r / h a u l .  

4 .  N a t u r e  o f  Energy Market ' . 

F i n a l l y ,  a n o t h e r  i n s t i t u t i o n a l  f a c t o r  a f f e c t i n g  t h e  eco- 

nomics o f  t h e s e  p r o j e c t s  is t h e  n a t u r e  o f  t h e  e n e r g y  m a r k e t . ,  

I n  t h e  n o r t h e a s t e r n  p a r t  o f  t h e  U . S . ,  where o i l  p r i c e s  are t y p -  

i c a l l y  I n  t h e  $ 2 5 . ' b a r r e l  r a n g e  and I a n d  c i i s p o s a l  a l t e r n a t i v e s  

a r e  l i m i t e d ,  r e f u s e - t o - e n e r g y  c a n  g e n e r a l l y  be e c o n o m i c a l l y  

v i a b l e .  c o n t r a s t e d  w i t h  t h e s e  l o c a t i o n s ,  however,  a r e  t h o s e  

p a r t s  o f  the '  n a t i o n  where e n e r g y  can  be p r o d u c e d .  a t  r e l a t i v e l y  

low c o s t  by b u r n i n g  c o a l  and t h e  e n e r g y  p r o d u c t  from t h e  p l a n t  

h a s  a lower  v a l u e  t o  t h e  u s i n g  c u s t o m e r .  I n  t h o s e  i n s t a n c e s ,  .:y 

. ,  t h e  economic v i a b i l i t y  o f  r e s o u r c e  r e c o v e r y  is n o t  as c e r t a i n .  

. The key p o i n t  h e r e  is t h a t . t h e  e n e r g y  v a l u e  f r o m . r e f u s e - t o - :  

e n e r g y  p l a n t s  is r e l a t i v e  t o  t h e  a l t e r n a t i v e  v a l u e s .  o f  e n e r g y  : 

., t o  t h e  u s i n g  c u s t o m e r s .  

*' AMERICAN MARKETING PHILOSOPHY 

T h i s  d i c u s s i o n  w i l l  i n c l u d e  o u r  a r rangement  w i t h  Von R o l l ,  
. . 

o u r  European s y s t e m  d e v e l o p e r ,  o u r  sales and procurement  ap- 

p r o a c h e s ,  and  o u r  v iew o f  t h e  marke t  a s  i t ,  r e l a t e s  t o  r e l a t i v e  
. . 

r i s k  s h a r i n g  f o r , r e f u s e - t o - e n e r g y  p r o j e c t s .  

A .  Arrangement w i t h '  Von R o l l  

Our c l o s e  r e l a t i o n s h i p  w i t h  Von R o l l  i n c l u d e s  m a j o r  . i n -  

.volvement  i n  b o t h  d e s i g n  and o v e r a l l  p r o j e c t  economics  f o r  o u r  

r e f u s e - t o - e n e r g y  f a c i l i t i e s .  A s  l i c e n s e e ,  w e  have  t o t a l  and 

f r e e  a c c e s s  t o  t e c h n i c a l  i n n o v a t  i o n s  and s y s t e m  improvements  



in the Von Roll furnace and boiler,design. Similarly, those 

technical~improvements which we have made in the RESCO process 

are also readily. available to Vpn Roll. Both our companies' 
. . 

philosophical approach is to freely exchange technical and 

economic information as it relates not only to our own plant 

design, but to the total refuse-to-energy market. Typically, 

for each project that we bid, we will work directly with Von 

Roll on preliminary design and. market approach. . 

1. Component Supply 

Although the ultimate design may be from Switzerland 

through Von Roll, we do have. flexibility in seeking domestic 

suppliers for components if their prices are cost effective 

relative to European manufacture and supply. As an example, 

our RESCO plant includes components from North American manu- 

facture. Our boilers were built by Dominion Bridge Company of 

Canada, but to the specifications of Wheelabrator/Von Roll. 

We do'have, asan additional resource, the technical engineer- 

ing staff involvement of Von Roll during construction and 

operation of future RESCO facilities. In summary, we believe 

that a close working relationship with our European counter- 

part, Von Roll, ultimately results in the most effective 
\ 

approach to refuse-to-energy in the U. S. marketplace. 

B. .Sales Approach 

To make a blanket statement, we 'will consider supplying 

our' technology and operating know-how to any municipality 
. . 

desiring it '.in' the U.S. If a direct procurement approach 

is desired, we will honor it. However, we are also receptive 



t o  e v a l u a t i n g  and responding '  t o  r e q u e s t  f o r  p r o p o s a l s  (RFP ' s )  

on an i n d i v i d u a l  b a s i s .  I n  e v a l u a t i n g  RFP's,  w e  app ly  c e r t a i n  

key c r i t e r i a  t o  d e c i d e  whether -we  f e e l  t h e  p a r t i c u l a r  p r o j e c t  

w a r r a n t s  s i g n i f i c a n t  e n g i n e e r i n g  and o t h e r  r e s o u r c e s .  B r i e f l y ,  

w e  look f o r  a s s u r a n c e s  t h a t  t h e  r e f u s e  is a v a i l a b l e ,  t h a t  a  

s i t e  h a s  been s e l e c t e d  and s e c u r e d  f o r  t h e  t h a t  t h e r e  

is o v e r a l l  p u b l i c  suppor t  f o r  t h e  ' p r o j e c t ,  and a  long-tern1 

v i a b l e  energy market  is a v a i l a b l e  f o r  t h e  p l a n t  p r o d u c t ,  We 

make a  d e t e r m i n a t i o n  on a  p r g j e c t - b g ~ p r o  j e c t  b a s i s ,  

Although o u r  e n g i n e e r i n g  suppor t  is ' s u p p l i e d  i 
7 .  

th rough  o u r  wholly-owned s u b s i d i a r y ,  Rust Engineer ing  

Company, t h e r e  a r e  o p p o r t u n t t i e s  and examples where 

sub-systems t o  o u r  f a c i l i t i e s  w i l l  be  p rov ided  t h r ~ u g h  

A & E and c o n s t r u c t i o n  f i r m s :  Dec i s ions  r ega rd ing  t h e  

u s e  of t h e s e  s e r v i c e s  a r e  made on a p ro j ec t -by -p ro j ec t  

b a s i s .  

C.  Procurement Approach 

'Our procurement approach is t g  p rov ide  t o  t h e  f u l l e s t  

e x t e n t  whatever  o u r  customer needs  and d e s i r e s .  With r e s p e c t  

t o  t h e  f u l l - s e r v i c e  approach ,  w e  p r e f e r  ope ra t ion .  o u r s e l v e s ,  

b u t  do no t  n e c e s s a r i l y  r e q u i r e  ownership ,  I w i l l  s a y ,  however, 

t h a t  w e  f e e l  t h e  p r i v a t e  ownership  approach w i t h  e q u i t y  c a p i t a l  

p a r t i c i p a t i o n  by t h e  system s u p p l i e r  w i l l  r e s u l t  i n  t h e  b e s t  

p o s s i b l e  approach f o r  t h e  p r o j e c t ,  The systems,  s u p p l i e r  has  

h i s  money on t h e  l i n e ,  , ' .  



'Our p r . e sen t  p o ' s t u r e  is t o  p r o v i d e  f u l l  s e r v i c e ,  i n c l u d i n g  

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

a b l y ,  ownersh ip .  We would s e e k  o u t  a  r e l a t i o n s h i p  w i t h  a  l o c a l  
a 

A & ' E  f i rm f o r  t h e  p r o j e c t  on an  as-needed b a s i s .  

To d a t e ,  w e  have  n o t  r e sponded  t o .  p r o c u r e m e n t s  f o r  a  t u r n -  

key o r  a "pa r t -and-parce l "  b i d  procurement  a p p r o a c h .  We w i l l  

now c o n s i d e r  s u c h  r e q u e s t s  on a  case-by-case  b a s i s .  

1. c o m p e t i t i v e  Bid  Laws 

W e  have  n o t e d z i n  some s t a t e s ,  c e r t a i n  c o m p e t i t i v e  

b i d  l aws  r e s t r i c t i n g  t h e  f u l l - s e r v i c e  a p p r o a c h .  I n  

c e r t a i n  c a s e s ,  w e  have  d e c l i n e d  t o  b i d  p r o j e c t s ' r e q u i r -  

i n g  a . " l o w  b i d " .  One need o n l y  t o  v iew t h e  a c t i v i t i e s  . 

o f  t h e  w a s t e w a t e r  b u s i n e s s  o v e r  t h e  l a s t  10 y e a r s  t o  

e x p l a i n  o u r  r e a s o n i n g .  Al though w e  f e e l  t h a t  i n  most 

c a s e s  an  amendment t o  s t a t e  procurment  l a w s  is neces-  

s a r y  t o  a c h i e v e  t h e  most c o s t - e f f e c t i v e  approach  f o r  

t h e  m u n i c i p a l i t i e s ,  w e  have  worked d i r e c t l y  w i t h  s e v e r a l  

m u n i c i p a l i t i e s  which l e g a l l y  r e q u i r e  a  r e s t r i c t i v e  " p a r t -  

and-parce l "  b i d  approach .  I t  is i n t e r e s t i n g  t h a t  o u r  

n a t i o n ' s  l a r g e s t  c i t y ,  New York,  e l e c t e d  t o  s e e k  a n  amend- 

ment t o  s t a t e  procurement  l a w  p r i o r  t o  t h e  i s s u a n c e  of an  

RFP. We c o n c u r  w i t h  Mew P o r k ' s  a p p r o a c h ,  and  a r e  c o n f i -  

d e n t  t h a t  t h e  r e s u l t s  w i l l  b e  i n  t h e  u l t i m a t e  b e s t  i n t e r -  

i 
est of i t s  c i t i z e n s .  

D, O t h e r  Marke t ing  Approaches 

A s  w e  i n d i c a t e d  ea r l i e r ,  w e  p r e f e r  t o  own and opera t ' e  r e f u s e -  



to-energy f a c i l i t i e s ,  and w i l l  make Wheelabrator-Frye e q u i t y  c a n i -  

t a l  c o n t r i b u t i o n s  t o  re fuse- to -energy  p r o j e c t s  , as an i n d i c a t i o n  

o f  o u r  commitment t o  t h e  p r o j e c t  and t o  t h e  refuse- to-energy 

b u s i n e s s .  Again,  w e  b e l i e v e  t h a t  w e  can f u l l y  demons t ra te  t h a t  

t h e  p r i v a t e  own and o p e r a t e  approach w i l l  r e s u l t  i n  t h e  b e s t  pos- 

s i . b l e  r e f u s e  d i s p o s a l  s e r v i c e  w i t h  minimal r i s k  t o  t h e  p a r t i c i -  

p a t i n g  communities.  Recen t ly ,  w e  have been asked  o u r  t hough t s  r e -  

g a r d i n g  o t h e r  f i n a n a i a l  approaches ,  such a s ,  a  " t h i r d  p a r t y  l e v e r -  

aged leaset1. C e r t a i n l y  a l l  p o t e n t i a l  f  i naqc ing  o p t  i o n s '  should  be  

e x p l o r e d .  Regarding t h i r d  p a r t y . l e v e r a g e d  l e a s e ,  one key i s s u e  

t h a t  must be. r e s o l v e d  i s :  "who u l t i m a t e l y  assumes the:economic 

p e n a l t y  a s s o c i a t e d  w i t h  t h e  d e l a y s  f o r  ach iev ing  t h e  t h i r d  p a r t y  

l eve raged  l e a s e  approacht '?  I t ' s  o u r  unde r s t and ing  t h a t  t h e  t h i r d  

p a r t y  l e v e r a g e d l e a s e a p p r o a c h  must have a n  I n t e r n a l  Revenue Servicc 

r u l e  which cou ld  t a k e  anywhere from 6 - 12  months, and t h u s ,  t o  

j u s t i f y  i t s e l f  t o  t h e  p r i v a t e  c o n t r a c t o r  o r  t o  t h e  m u n i c i p a l i t y .  

A t  t h e  p r e s e n t  t i m e ,  i t  seems t o  u s ,  t h a t  a much more- p a l a t a b l e  

f i n a n c i n g  app roach .  is t h e  u se  o f  t h e  c o n t r a c t o r ' s  own ' e q u i t y  c a p i t ;  

as  an i n d i c a t i o n  of  its commitment t o  t h e  p r o j e c t  and t o  an expedi  

e n t  f i n a n c i n g .  However, as I s t a t e d  ea r l i e r ,  a l l  p o t e n t i a l  f i n a n c  

i n g  approaches  shou ld  be i n v e s t i g a t e d .  

Risk Sha r ing  

Risk s h a r i n g  f o r  refuse- to-energy is no d i f f e r e n t  t han  
, 

r i s k  s h a r i n g  i n  any o t h e r  v e n t u r e ;  t h e  h i g h e r  t h e  r i s k s  t a k e n ,  t h e  

h i g h e r  t h e  p o t e n t i a l  b e n e f i t  t h a t  must be  sough t .  Our view of 

r i s k  s h a r i n g  i n  t h e  re fuse- to -energy  b u s i n e s s  is t h a t  . a  p r . i va t e  

c o n t r a c t o r  s h o u l d  be  w i l l i n g  t o  assume t h e  o r d i n a r y  b u s i n e s s  

risks r e l a t e d  t o  ownership and o p e r a t i o n  of  t h e s e  f a c i l i t i e s .  



Risks  t h a t  go beyond t h e s e  shou ld  be s h a r e d . .  Second, t h e  

r i s k s  shou ld  be  borne by t h o s e  e n t i t i e s  which a r e . i n  t h e  

b e s t  p o s i t i o n  to ' assurne  them.  Any r e s o u r c e  recovery  p r o j e c t  

,is a  . r i sk - sha r ing  p r o p o s i t i o n ,  and how r i s k s  a r e  a l l o c a t e d  

w i l l  be determined i n  c o n t r a c t  n e g o t i a t i o n s .  

we. b e l i e v e  t h a t  t h e  -most e q u i t a b l e  form o f  r i s k  s h a r i n g  

is t o  gua ran tee  s o l i d  waste d i s p o s a l  s e r v i c e  a t  r e a s o n a b l e  

p r i c e .  Technica l  and o p e r a t i n g  r i s k s  are borne by u s .  The 

communities '  o b l i g a t i o n  is t o  d e l i v e r  waste and pay t h e  d i s -  

p o s a l  f e e s .  T h i s ,  w e  f e e l ,  r e p r e s e n t s  a  f a i r  and e q u i t a b l e  

b u s i n e s s  r i s k  d i s t r i b u t i o n .  

With r e s p e c t  t o  r e v e n u e - r e l a t e d  b e n e f i t s ,  w e  a r e  w i l l i n g  

t o  s h a r e  such b e n e f i t s  s o  long  as w e  a l s o  s h a r e  t h e  r i s k s  asso-  

c i a t e d  wi th  g a i n i n g  t h o s e  b e n e f i t s .  Over t h e  y e a r s ,  w e  have 

seen  i n  t h i s  marke t '  a  p r e v a i l i n g  a t t i t u d e  t h a t  t h e r e  is "gold 

i n  garbage".  One and one-half mi l . l i on  t o n s  l a t e r ,  l e t  me 

a s s u r e  everyone h e r e ,  w e  have y e t  t o  f i n d  any go ld .  Refuse 

h a s  no v a l u e  u n t i l  i t  can be economical ly  conve r t ed  i n t o  u s e f u l  

p roduc t s .  .Our approach t o '  r evenue - r e l a t ed  b e n e f i t s  is ve ry  

pragmat ic :  w e  w i l l  s h a r e  revenue b e n e f i t s ,  p rov ided  t h a t  t h e  

b a s i c  economic i n t e g r i t y  of  t h e  p r o j e c t  is main ta ined .  T h i s  

is not  on ly  ' ou r  p o l i c y ,  i t  is a  requirement  of t h e  p r o s p e c t i v e  

bond h o l d e r s .  The re fo re ,  when i n d i c a t i n g  n p r e f e r e n c e  f o r  re -  

venue s h a r i n g  , i n  RFP's,  one must b e  p repa red  t o  a l s o  accep t  a  , 

s i g n i f i c a n t  r i s k - s h a r i n g  p o s i t i o n .  I n  summary, w e  a r e  p repa red  

t o  guarantee c o n s t r u c t i o n  and o p e r a t i o n  of  a  refuse- to-energy 



facility, and are willing to share the revenue benefits and 

the associated risks. 

Our approach in the refuse-to-energy business is one of 

enthusiasm, optimism, flexibility, and confidence. Our -five 

years of operating experience has taught us a key lesson: 

technology alone does not assure success; it also takes oper- 
. . 

ating know-how, financial commitment; reliable customer service, 

and dedicated hard work. We are extremely confident that, our 

technology, like that of our competitors in this forum, is . " 

readily and commercially available to do the job. But it takes 

more. . .it take knowledgeable people who are highly motivated 
and willing to devote 100 percent to getting the job done. 

Project success, as we know it, also means that our cus- 

tomers are satisfied: municipalit.ies do and should demand 

long-term, reliable, environmentally sound and economical 

.. solid waste disposal 'service. re' are.fully confident in our 

. ability to provide this level of service  and^ have demonstrated 

so at RESCO. 
?, 

In closing I would like to say, for the' record, 'we are 

very excited about the re.fuse-to-energy business in the 1980's. . . 

We are confident that.there are ample opportunities for our- 

selves and our competitors, and that we can collectively con- 

tribute a cleaner environment.to our nation, while conserving 

va.luable energy resources. 
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ABSTRACT - 
WIDMER + ERNST AG, a  member o f  t h e . A l u s u i , s s e  Group ,  h a s  

b e e n  a  l e a d e r '  i n  t h e  w a s t e  t o  e n e r g y  f i e l d  s i n c e ,  i t s  i n c e p t i o n  
19  y e a r s ,  ago.' W I D M E R  + ERNST INC.,  a' New' J e r s e y  c o r p o r , a t i o n ,  
m a r k e t s  t h e  E u r o p e a n  d e v e l o p e d  ' t e c h n o l o g y  ' i n  t h e  W e s t e r n  
H e m i s p h e r e .  F o u r t e e n  p l a n t s  a r e  ' i n  , s u c c e s s . f u l  ' o p e r a t i o n  i n  
W e s t e r n  E u r o p e  w i t h  a  number  o f  o t h e r s  i n  t h e  d e s i g n  a n d / o r  
c o n s t r u c t i o n  s t a g e .  WIDMER + ERNST INC. has  b e e n  s e l e c t e d  b y  
t h e  S t a t e  o f  Rhode I s l a n d  f o r  a  w a s t e  t o  ene, rgy  ' p l a n t  w i t h  a  
d a i l y  c a p a c i t y  o f  1 ,200 ' t o r i s  o f  w a s t e .  

. W I D M E R  + ERNSTt.s s y s t e m  can' be  d e f i n e d  as  m a s s - f i r e d ,  w a t e r  
w a l l  u s i n g  an  u n i q u e  g r a t e  d e s i g n  now i n  i t s  t h i r d  g e n e r a t i o n  o f  
e v o l u t i o n .  A l l  p l a n t s  a r e  c a p a b l e  o f ,  . a n d  a r e  c u r r e n t l y  m e e t i n g ,  
t h e  m o s t  s t r . i n g e n t  e n v i r o n m e n t a l  po l .1  u t i o n  c o d e s  i n  E u r o p e .  

A t  I n g o l s t a d t ,  i n  B a v a r i a ,  W+E h a s  i n  o p e r a t i o n  a  c o d i s p o s a l  
p l a n t  r e d u c i n g  b o t h  m u n i c i p a l  s o l i d  w a s t e  and  sewage s l u d g e  t o  
ash .  

INTRODUCTION . , 

~ o r m a l l y  a'' l e c t u r e  o n  t h i s  t h e m e  w o u l d  b e g i n  w i t h  t h e  o l d '  
' '  

l a m e n t a t i o n  a b o u t ' t h e  d e s t r u c t i o n  o f  o u r  b e a u t i f u l  e n v i r o n m e n t  
t h r o u g h  t o d a y ' s  s o c i e t y  s c o u r g . e ,  t,he , . Waste .  , 



L e t  me s a y  w i t h  A r c h i m e d e s ,  i n  c o n t r a s t  t o  t h i s :  
E u r e k a  - we h a v e  d i s c o v e r e d  a  new e n e r g y  s o u r c e !  

I f  we t r a n s f o r m  t h e  e n e r g y  c a r r i e r  " w a s t e "  c o n t i n u o u s l y  
i n t o  t h e  much . d e s i r e d  f o r m  o f  e n e r g y  " h e a t " ,  we w i l l  a t  t h e  same 
t i m e  k e e p  l a n d ,  a i r  a n d  w a t e r  c l e a n e r ,  a n d  t h u s  we w i l l  make o u r  
w o r l d  a  b e t t e r  p l a c e  i n  w h i c h  t o  l i v e .  

Hence,  t h i s  c o n f e r e n c e  s h o u l d  n o t  b e  h e l d  i n  a  d e f e n s i v e .  
mood, d e f i n i t e l y  n o t .  L e t  us  g e t  a c q u a i n t e d  w i t h  t r u s t w o r t h y  
t e c h n o l o g i e s ,  a d a p t  them,  and  p u t  t h e m  i n t o  r e a l i t y .  On t h i s  
a c c o u n t  I h a v e  n o t h i n g  s e n s a t i o n a l l y  new t o  e x p o s e ,  n o  g r e a t  

' s c i e n t i f i c  d i s . c o v e r y  t o  r e v e a l ,  b u t  j u s t  t o  g i v e  an a c c o u n t  o f  
o p e r a t i n g  s y s t e m s  t h a t  h a v e  b e e n  b u i l t  b y  t h e  h u n d r e d s  i n  E u r o p e  
a n d  h a v e  b e e n  b r o u g h t  t o  a  p e a k  o f  p e r f e c t i o n  t h r o u g h  s y s t e m a t i c  
e v o l u t i o n  o v e r  d e c a d e s .  . 

BACKGROUND 

A) H i s t o r y  o f  S y s t e m  D e v e l o p m e n t  

WIDMER + ERNST, a  S w i s s  E n g i n e e r i n g  and  G e n e r a l  C o n t r a c t i n g  
Company, i s  t o d a y  a  s u b s i d i a r y  o f  SCHWEIZERISCHE ALUMINUM A G  
( S w i s s  A l u m i n u m  I n c . ) ,  Z u r i c h .  O n l y  b y  j o i n i n g  w i t h  t h i s  
i n t e r n a t i o n a l l y  a c t i v e  g r o u p  e n a b l e d  u s  t o  s e c u r e  g r o w t h  i n  t h e  
c a p i  t a l - i n t e n s i v e  f i e l d  o f  g e n e r a l  c o n t r a c t i n g  w h i l e  a t  t h e  same 
t i m e  c o n s e r v i n g  o u r  t r a d i t i o n a l  dynamism.  

WIDMER + ERNST owns s u b s i d i a r y  compa,nies i n ' t h e  F e d e r a l  
R e p u b l i c  o f  Germany a n d  i n  t h e  U n i t e d  S t a t e s ,  and  has  a  l i c e n s e e  
I n  Japan ,  as w e l l  a s  r e p r e s e n t a t i o n  i n  a  l i m i t e d  number  o f  
i n d u s t r i a l  c o . u n t r i e s ,  O u t  o f  t h e s e  c o u n t r i e s  we a r e  w o r k i n g  
o n  t h e  d e v e l o p m e n t . o f  s e l e c t e d  new m a r k e t s  w h i c h  a p p e a r  r e c e p t i v e  
t o  o u r  t e c h n o l o g y .  

S i n c e  i t s  f o r m a t i o n  i n  19 .61 ,  WIDMER + ERNST h a s  been  w o r k i n g  
i n  t h e  f i e l d  o f  e n v i r ' o n m e n t  p r o t e c t i o n . .  Our  company p i o n e e r e d  
t h e  way , t o w a r d s  w a s t e  i n c i n e r a t i o r i  t e c h n o l o g y  t h r o u g h  t h e  d e s i g n  
o f  a i r  p o l l u t i o n  c o n t r o l  i n s t a l l a t i o n s  f o ' r  a  w' ide r a n g e  o f  

. ' i n d u s t r i a l  c l i e n t s ,  among w h i c h  w e r e  i n c l u d e d  e x i s t i n g  and  new 
w a s t e  i n c i n e r a t i o n  p l a n t s .  T h u s , w e  h a d  b u i l t ,  b y  1968,  t w o  
r e f u s e  i n c i n e r a t i o n ' . f u r n a c e s  w i t h  w e t  s c r u b b e r s  and f ' l u e  g a s / f l u e  
ga,s h e a t  e x c h a n g e r s  i n  t andem a r r a n g e m e n t  t o  r e , h e a t  t h e  s a t u r a t e d  
f l u e  g a s e s ,  a n d  w h i c h  a r e  s t i l l  now i n  t r o u b l e - f r e e  o p e r a t i o n .  
( F i g u r e  ' 1 )  

A c o m p a r a b l e  m i l e s t o n e  was t h e  i n s t a l l a t i o n  o f  t w o  w a s t e  t o  
e n e r g y  p l a n t s  w i t h  f i b r o u s  f i l t e r s  w h i c h  w e r e  e q u i p p e d  w i t h  
s i l i c o n e  t r e a t e d  g l a s s  c l o t h  h o s e s .  W i t h  t h i s  f i l t e r  s y s t e m  a n '  
e x t r e m e l y  deep  r e s i d u a l  d u s t  c o n c e n t r a t i o n  o f  30  m g / ~ m 3  c o u l d  b e  
a c h i e v e d  f o r  t h e  f i . r s t  t i m e .  . . .  . . d . 

. . 

The p l a n t s  a r e  s t i l ' l  t o  . t h i s  d a y  o p e r a t i n g  u n i r i ' t e r r u p t e d l y  



on a  2 4 - h o u r s  a  d a y  o p e r a t i o n .  To my k n o w l e d g e ,  t h i s  w a s t e - t o -  
e n e r g y  p l a n t  w i t h  a  d a i l y  t h r o u g h p u t  o f  200 t o n s ,  a n d  l o c a t e d  
i n  t h e  S w i s s  c i t y  o f  N e u c h a t e l ,  i s  s t i l l  t h e  l a r g e s t  s u c h  p l a n t  
o p e r a t i n g  s u c c e s s f u l l y  on  c l o t h  f i l t e r s  ( b a g h o u s e ) .  

As a  r e s u l t  o f  t h i s  company t r a d i t i o n ,  t h e  e f f e c t i v e  f l u e  
gas  p u r i f y i n g ,  a n d  t h u s  t h e  c o n t r o l  o f  e m i s s i o n s ,  a r e  o u r  f o r e -  
m o s t  c o n c e r n .  

When .and why w e  e n t e r e . d  s o l i d  w a s t e  t o  e n e r g y  b u s i n e s s ?  

As o u t l i n e d ,  WIDMER + ERNST e n t e r e d  i n t o  i t s  a c t u a l  m a i n  
a c t i v i t y ,  --- t h e  W a s t e  P r o c e s s i n g  T e c h n o l o g y  t h r o u g h  t h e  c l e a n i n g  o f  
f l u e  g a s e s .  The n e x t  s t e p  was t o  b u i l d  t u r n k e y  w a s t e - t o - e n e r g y  
p l a n t s  a c t i n g  as  an e n g i n e e r i n g  company,  and  i n s t a l l i n g  o u t s i d e  
g r a t e  s y s t e m s  and  p l a n t  c o m p o n e n t s .  T h i s  way we w e r e  a b l e  t o  
c o l l e c t  d u r i n g  t h e  n e x t  1 0  y e a r s  v a l u a b l e  e x p e r i e n c e  c o n c e r n i n g  
many d i f f e r e n t  p l a n t s  and  s y s t e m s .  

The f r u i t  o f  t h i s  s t e a d y  and  h a r m o n i o u s  d e v e l o p m e n t  i s  t h e  
WIDMER + ERNST Mass F i r i n g  C o m b u s t i o n  w i t h  i t s  own 
c o m b u s t i o n  g r a t e ,  r e s i d u e  r e m o v a l  s y s t e m ,  a n d  b o i l e r  c o n c e p t .  
19  y e a r s  o f  company h i s t o r y ,  and  t h e  e x p e r i e n c e  o f  o u r  o l d  
c o 1 l a b o r a t o r . s  a r e  a1 1  . r e f l e c t e d  i . n  t h i s  d e s i g n .  

U n d e r  t h e s e  c i r c u m s t a n c e s  t h e  s m a l l e s t  p l a n t  w i t h  e n e r g y  
r e c o v e r y  e v e r  b u i l t  b y  o u r  company,  w i t h  o n l y  a  s i n g l e  u n i t  o f  
120  t o n s l d a y ,  c a n  b e  j u s t i f i e d .  I t  has  a  b a c k  p r e s s u r e  s t e a m  
t u r b i n e  whose g e n e r a t o r  f e e d s ,  a p a r t  f r o m  t h e  p l a n t ' s  demand, 
e n e r g y  t o  t h e  p u b l i c  n e t w o r k .  A  s t e a m l h o t  w a t e r  c o n v e r t e r  w i t h  
h e a t  a c c u m u l a t o r  s u p p l i e s  t h r o u g h  a  p i p e  n e t w o r k  p u b l i c  b u i l d i n g s .  
and  r e s i d e n t i a l  a r e a s  w i t h  h e a t i n g  e n e r g y ,  and  a  l a b o r a t o r y  w i t h  
p r o c e s s  s t e a m .  ( F i g u r e  2 )  

T h i s  mode l  p l a n t  w i t h  r e s p e c t  t o  e n e r g y  r e c o v e r y  m u s t  m e e t  
h i g h  r e q u i r e m e n t s  a s  t o  e n e r g y  a v a i l a b i l i t y  i s  c o n c e r n e d  and  has  
b e e n  i n  . o p e r a t i o n  f o r  5 y e a r s  i n  t h e  S w i s s  c i t y  o f  Buchs/SGy and  
p r o c e s s e s  . a l s o  t h e  w a s t e  o f  t h e  P r . i n c i p a l i t y  o f  L i e c h t e n s t e i n , .  
I t  i s  now b e i n g  e n l a r g e d  b y  u s  v i a  t h e  a d d i t i o n  o f  a  s e c o ~ d  l i n e .  
( F i g u r e  3 )  

B )  G e o g r a p h i c a l  d i s t r i b u ' t i o n  o f  i n s t a l  l e d  s y s t e m s  

A c c o r d i n g  t o  t h e  j u s t  p r e s e n t e d  d e v e l o p m e n t  o f  t h e  company,  
t h e  l a r g e s t  p r - u p o r t i o n  o f  t h e  p l a n t s  we h a v e  b u i l t  a r e  . l o c a t e d  
i n  S w i t z e r l a n d ,  t h e  F e d e r a l  R e p u b l i c  o f  Germany,  a n d  i n  B e l g i u m .  
The German m a r k e t  has  p r o v e d  e s p e c i a l l y  r e c e p t i v e  t o  o u r  
t e c h n o 1  o g y .  

WIDMER + ERNST c a n  b e  v e r y  s a t i s f i e d  w i t h  i t s  s h a r e  o f  t h e  
d c m a n d i n g  German m a r k e t .  



A c c o r d i n g  t o  s t a t i s t i c s ,  9 2 %  o f  S w i t z e r l a n d ' s  t o t a l  amount  
o f  r e f u s e  i s  c u r r e n t l y  b e i n g  p r o c e s s e d  i n  modern  p l a n t s .  A p a r t  
f r o m  5  c o m p o s t i n g  p l a n t s  and a  number  o f  s a n i t a r y  l a n d f i l l s - ,  
t h e s e  a r e  o n l y  i n c i n e r a t i n g  p l a n t s ,  a n d  w h i c h  o p e r a t e  a c c o r d i n g  
t o  t h e  mass - f i r i n g #  p r i n c i p l e ,  n a m e l y  41 p l a n t s .  

The m e n t i o n e d , .  p r o u d  9 2 %  r e v e a l  a  c l e a r  s i g w  o f  t h e  m a r k e t ' s  
s a t u r a t i o n .  I n  s p i t e  o f  t h i s ,  t w o  p l a n t  e . x p a n s i o n s  w i l l  b e  
o r d e r e d  d u r i n g  1 9 8 0 ,  n a m e l y  one  e a c h  f o r  Z u r i c h  and  B u c h s .  

C )  S y s t e m  s i z e  

The s m a l l e s t  o p e r a t i n g  p l a n t  e q u i p p e d  b y  WIDMER + ERNST w i t h  
a mechanical g r a t e  has  a  f u r n a c e  c a p a c i t y  o f  50  t o n s / 2 4  h o u r s ,  
t h e  l a r g e s t  one  h a s  a  f u r n a c e  c a p a c i t y  o f  500 t o n s / 2 4  h o u r s .  
T h e  d e s i g n  s e r i e s  o f  W+E g r a t e s  a c t u a l l y  r e a c h  a  c a p a c i t y  o f  700  
t o n s / 2 4  h o u r s .  T h i s  c a p a c i t y  i s  c e r t a i n l y  n o t  l i m i t e d  b y  t h e  
d e s i g n .  We s e t  i t  v o l u n t a r i l y ,  b e c a u s e  we a r e  c o n v i n c e d  t h a t  
p l a n t s  w i t h  a  b i g g e r  f u r n a c e  c a p a c i t y  w o u l d  b e ,  i n  t h e  c a s e  o f  
t h e  s h u t  down o f  u n i t  t o o  s e v e r e l y  i m p a i r e d .  I n  ' a d d i t i o n Y 7 t h e r e  
i s  n o t  y e t  enough  e x p e r i e n c e  a v a i l a b l e  w i t h  u n i t s  h a v i n g  c a p a c i -  
t i e s  r a n g i n g  s u b s t a n t i a l l y  above  700 t o n s / d a y .  

D) E u r o p e a n  . m a r k e t i n g  ph ' i  l o s o p h y  

I t  c a n  b e  s a i d  t h a t  and t h i s  i s  e a s . i l y  d e m o n s t r a t e d  b y  l i s t s ,  
o f  i n s t a l  l e d  p l . a n t s  i n  Europe.  t h e  r e f u s e - t o - e n e r g y  p l a n t s  
a c c o r d i n g  t o  t h e  mass b u r n i n . g  s y s t e m  h a v e . b e c o m e  a  t r a d i t i o n a l  
t e c h n o l o g y .  w i t h  p r o v e n  r e 1  i a b i l  i t y  o v e r  s e v e r a l  d e c a d e s .  T h i s  
h a s  been  a c c e p t e d  p r a c t i c a l l y  w i t h o u t .  d i s p u t e .  C o n s e q u e n t l y ,  
ac tua .1  m a r k e t i n g  e f f o r t s  i n  t h e  u s u a l  s e n s e  a r e  o n l y  o f  a  
l i m i  t e d  n e e d .  E x h . i b i t i o n s ,  c o n g r e s s e s  a n d  t e c h n i c a l  j o u r n a l s  
a r e  t h e  u s u a l  means f o r  p r o f e s s i o n a l  m a r k e t i n g .  F u r t h e r m o r e ,  
e v e r y  s e r i o u s  s u p p l i e r  knows t h e  a c t u a l  p r o j e c t s  a n d  c a n  d e c i d e ,  
a f t e r  j u d g i n g  h i s  own m a r k e t  c h a n c e s ,  i f  h e  d e s i r e s  t o  p a r t i c i -  
p a t e  i n  t h e  b i d d i n g .  

Due t o  t h e  n o t e d  t r a d i t i o n a l  a p p r o a c h  i n  E u r o p e  p e r h a p s  8 0 %  
o f  t h e  p r o j e c t s  a r e  t u r n k e y  a g a i n s t  a  l u m p  sum p r i c e .  As .an 
e x c e p t i o n  a  c l i e n t  s t i l l  may p l a c e  t h e  o r d e r  f o r  t h e  b u i l d i n g .  
w i t h  s u r r o u n d i n g  w o r k s  o r  t h e  w h o l e  e l e c t r i c  i n s t a l l a t i o n  
s e p a r a t e l y .  I n  s u c h  case's t h e  o v e r a l l  t e c h n i c a l  management  
i s  p r o v i d e d  b y  t h e  c l i e n t ' s  e n g i n e e r i n g  company i n  c o o p e r a t i o n  
w i t h  t h e  s u p p l i e r  o,f t h e  , p l a n t ' s  p r o c e s s  e n g i n e e r i n g  p a r t  s h o u l d  
be ,  w i t h o u t  e x c e p t i o n s ,  i n  one  and  t h e  same hand .  . T h e r e  i s  no 
o b j e c t i o n  a g a i n s t  t h e  s e p a r a t e  a l l o c a t i o n  o f  t h e  b u i l d i n g ,  p r o -  
v i d e d  t h e  r e s p o n s i b i l i t y  f o r  t h e  p l a n n i n g  i s  c l e a r l y  d e f i n e d .  

A c c o r d i n g  t o  my know led ,ge ,  d u r i n g  t h e  l a s t  y e a r s  n o t  one  
w a s t e  t o  e n e r g y  p r o j e c t  was b u i l t  i n  E u r o p e '  'on a  " c o s t  p l u s "  
b a s i s .  ' A t  t h e  t i m e  o f  t e n d e r i n g  ( R F P )  t h e  f o l l o w i n g '  i t e m s  a r e  
u s u a l l y  a l r e a d y  s e t t l e d  i n  , advance .  



a )  - C o n s t i t u t i o n  o f  u s e r s  union o r  r e s p , o n s i b l e  b u i l d e r ,  
- amount o f  w a s t e  t o  be p rocessed  
- .  System s e l e c t i o n  ('mass f i r i n g . ,  o r  R D F ,  o r  compost,, e t c . )  
- Energy consumer 
- S i t e  
- Financ ing  
- F i r s t  phase of  l ' i c e n s e  p r o c e d u r e s  and o b t a i n i n g  of p e r m i t s  
- F i r s t  phase of s u b v e n t i o n  p r o c e d u r e s  

With t h e s e  i m p o r t a n t  a r e a s  o f  t h e  p r o j e c t  d e t e r m i n e d :  

b )  - The p r o j e c t  r e a l i z a t i o n  i s  s e c u r e d  
- The n.umber of  workers  can be reduced  
- The d e c i s i o n  phase i s  s h o r t e r  ( t h e  b i d s  remain v a l i d )  
- The c o s t s  of b i d d e r s  can be k e p t  w i . t h i n  r e a s o n a b l e  l i m i t s .  

b 

According t o  o u r  e x p e r i e n c e ,  i n  t h e  U S A  major  a t t e n t i o n  
shou ld  be pa id  t o  t h i s  second p o i n t ,  because  i n  many c a s e s  t h e  . 
p r o j e c t s  a r e  p r e s e n t e d  f o r  t e n d e r i n g  f a r  t o o  e a r l y ,  and b e f o r e  
a l l  p o i n t s  under  a )  a r e  c l e a r l y  d e t e r m i n e d .  This  c r e a t e s  d e l a y s  
and i n c r e a s e d  c o s t s .  

T E C H N O L O G Y  

A )  Design F e a t u r e s  

.As a l r e a d y  mentioned i n  t h e  i n t r o d u c t i o n ,  o u r  company has 
d e c i d e d ,  a f t e r  a  s t e p - b y - s t e p  e v a l u a t i o n  of  o p e r a t i o n a l  e x p e r -  
i e n c e ,  t o  a d h e r e  t o  t h e  f i r i n g  and b o i l e r  concep t  shown i n  t h e  
c r o s s  s e c t i o n  of a  F i g u r e  4 .  We a r e  convinced  t h a t  with i t s  design 
we have found a  s o l u t i o n  which e n a b l e s  us t o  r each  t h e  r e l i a b i l -  
i t y  of c o n v e n t i o n a l  power p l a n t s  f i r e d  w i t h  f o s s i l  f u e l s  
- t h e  o p e r a t i o n a l  and s a l e s  r e s u l t s  conf i rm t h i s  a f f i r m a t i o n .  

The W l D M E R  + ERNST g r a t e  o p e r a t e s  a c c o r d i n g  t o  t h e  advance 
cascade  p r i n c i p l e ,  whereby i t  has  been dec ided  t o  renounce f u l l y  
t o  t h e  conveyance'  th rough g r a v i t y .  ( i n c l i n a t i o n  of t h e  g r a t e ) .  
Thus,  t h e  r e s idence ,  t ime of ,  was te  on t h e  g r a t e  depends ,  
i n d e p e n d e n t l y  of t h e  was te  c o m p o s i t i o n ,  o n l y  on t h e  mechari'i.ca1 
conveyance c a p a c i t y  of t h e  g r a t e .  In o r d e r  t o  a t t a i n  an optimum 
achievement  of t h i s  a im,  e v e r y  second s t e p  has been p r o v i d e d .  
wi th  an independen t  h y d r a u l i c  d r i v e .  To e x e r c i s e  an optimum 
i n f l u e n c e  .on t h e  combust ion p r o c e s s ,  e . g .  on t h e  a r r angement  of 

- t h e  P r e - d r y i n g  zone;  
- t h e  Combustion zone 
- t h e  B u r n  o u t  zone 

on t h e  d i f f e r e n t  g r a t e  s t e p s ,  a s  wel l  a s  t h e i r  s t r o k e  and cadence  
(dwe l l  t i m e ) ,  a  f r e e l y  programable  c o n t r o l  has  been p r o v i d e d . .  ' , 

W i t h  t h i s  h igh  d e g r e e  of f l e x i b i l i t y  t h e  a d j u s t m e n t  t o  
match t h e  changing  compos i t ion  of  was te  from p l a n t  t o  p l a n t  o r  



f r o m  one s 'eason t o  a n o t h e r  i s  e f f i ' c i ' e n t l y  e a s i l y  done a t  t h e  
c o n t r o l  d e s k ,  w i t h o u t  a n y  i n t e r v e n t i ' o n  . i n  t h e '  m.echanica1 p a r t .  
( F i g u r e  1 0 )  

The g r a t e  b a r s - a . r e  f o r c e - c o o l e d  f r o m  t h e  i n s i d e  'by t h e  f l o w  
o f  p r i r n a r y . c o m b u s t i o n  a i r ,  T h i s  makes t h e  g r a t e  s p . e c i a l l y  s u i t e d  
f o r  w a s t e  w i t h  a  h i g h .  h e a t i n g  v a l u e .  The b a r s  ,of e'ach g r a t e  r o w  
a r e  p r e s s e d  t o g e t h e r  b y  p r e s s u r e  p l . a t e s  o n  @ach, s i . d e  o f  th.e g r a t e  
T h e s e  p l a t e s  a l s o  a l l o w  f o r  t h e r m a l  e x p a n s i o n '  o f  t h e  g r a t e  l a y e r  
e n s u r e s  good  a i r  d i s t r i b u t i o n  e v e n  f o r  v e r y  d i f f e r e n t  w a s t e  

a b e d  d e n s i t i e s  due t o  h i g h . 1 ~  h . e t e r o g e n o u s  w a s t e  w h i c h  ' i n  t u r n  
p r o v i d e s  f o r  a  g o o d  c o m b u s t i o n ,  I t  i s  easy  t o  u n d e r s t a n d  t h a t .  
a i  r - c o o l  e d  g r a t e  b a r s  h.ave l o w e r  m a t e r i a l  t e m ' p e r a t u r e s  wh ich .  
r e s u l t  ' in  a  l o n g e r  l i f e  s p a n .  A c o m p a c t ,  c o n t i n u o u s  g r a t e  l a y e r  
r e d u c e s  s i f t i n g s  t o  a  min imum w h i c h  i m p r o v e s  . t he '  r e s i d u e  qua1  i, t y  
a n d ,  a t  t h e  same t i m e ,  t h e  t h e r m a l  . e f f i c i e ' n c y .  

The f l u e  g a s e s  a s c e n d  w i t h .  a n  e v e n  C O  s u r p l u s  i n  t h e  
c o m b u s t i o n  c h a m b s r  and b e f o r e  t h e y  e n t e r  t 6 .e  f i r s t  b o f l e r  p a s s  
t h e y  a r e  i n t e n s i v e l y  m i x e d  w i t h  s e c o n d a r y  a i r .  The s e c o n d a r y  a i r  
emerges w i t h  h i g h  v e l o c i t y  f r o m  t w o  o p p o s i t e  r o w s  o f  n o z z l e s .  . 

T h i s  s e c o n d a r y  o x i d a t i o n  p r o c e s s  c o m b u s t s  m a i n l y  th.e ' c a r b o n  w h i c h .  . 
e m i t s  f r o m  t h e  v o l a t i l e  w a s t e  c o m p o n e n t s .  

The s t e a m  b o i l e r  a c c o r d i n g  t o  t h e  WIDMER -b ERNST c o n c e p t .  
c o n s i s t s  m a i n l y  o f  a  t h r e e  p a k s  r a d i a t i o n  s e c t i o n '  ( w a t e r  w a l l ]  
a n d  a  h o r i z o n t a l .  c o n v e c t i o n  s e c t i o n .  

.Whereas  f o r  e a r l y  b o i  1 e r  d e s i g n s  s h o r t  i n t e r v a l s  be. tween 
o v e r h a u l s  a n d  a l s o  p o o r  l i f e  s p a n  e x p e c t a n c i e s  due  t o  e r o s i i o n ,  
h i g h - t e m . p e r a t u r e  c o r r o s i ' o n ,  a n d  h.eavy. f l y  ash.  c a k i ' n g  ( i ' n c r u s t a -  
t i o n s ) ,  w e r e  c h a r a c t e r i s t f c ,  t h e s e  p r o b l e m s  c a n  .be  e l i m i ' n a t e d  
w i t h  t h i s  new d e s i g n .  Th.e r e l a t i v e l y  l o n g  f l u e  g a s  r e s i d e n c e  i n  
t h e o r a d i a t i o n  s e c t i o n  e n r w r e s  a. c o m p l e t e '  f l u e  gas  o x i d a t i o n .  The 
1 8 0  d i v e r t i o n  f r o m  t h e  s e c o n d  t o  th .e  t h . i r d  p a s s  reduces a f i r s t  
s e p a r a t i o n  o f  c o a r s e  f l y  a s h  p a r t i c l e s  ( 'abo 'ut  30% 7 due  t o  t h e  
c e n t r i f u g a l  e f f e c t .  I n  t h e  t h r e e  p a s s e s  a  r e c t i f i c a ' t i o n  and a  
r e l a x a t i o n  o f  t h e  f l u e  gas  s t r e a m  t a k e s  p l a c e  w h i c h  r e s u l t s  i n  a  
r e g u l a r  f l o w  t h r o u g h  th.e c o n v e c t i o n  zone  e q u i p p e d  w: i th  t u b e  - 
b u n d l e s .  

I n  t h e  c o n v e c t i o n  z o n e  w i t h  h o r i z o n t a l  g a s  f l o w ,  th.e s u p e r -  
h . e a t e r ,  th.e e v a p o r a t o r  and  t h e  econon i i ze ' r  a r e  a r r a n g e d  w i t h .  
e n o u g h  i n t e r s p a c e  t o  a l l o w  f o r  i n s p e c t i o n  and m a i n t e n a n c e . .  

A l l  b a n k s  o f  t u b e s  a r e  s u s p e n d e d  f r o m  t h e  t o p .  Depending 
on  t h e  b u i l d i n g  c o n f i g u r a t i o n ,  t h e y  c a n  b e  a s s e m b l e d  and  
d i s a s s e m t j l e d  e i  t h . e r  f r o m  a b o v e  ' o r  f,rom t h e '  s i d e .  

Due t o  t h e  f a c t  t h a t  an  i m p . o r t a n t  amount  o f  e n e r g y  h a s  
a l r e a d y -  b e e n  r e l e a s e d  a s  we1 1  a s  f l y  ash.  ha's been '  removed  f r o m  
th.e f l u e  g a s e s  i n  t h e  r a d i a t i o n  zone ,  t h e  f l u e  g a s e s  e n t e r  t h e  
f i r s t  s u p e r h e a t e r  t u b e s  w i - t h  a  t e m p e r a t u r e  o f  o n l y  a b o u t  600° C .  
F u r t h e r m o r e ,  no  f l a m e s  c a n  r e a c h  t h e  t u b e s .  The r e d u c e d  f l y  



sh q u a n t i t y  which s t i c k s  l o o s e  t o ' t h e  t u b e s  h a s  l o s t '  i t s  
a e v a s t a t i n g  f o u l i n g  and c a k i n g  c h a r a c t e r i s t i c s . .  The ' c l e a n i n g  o f .  
t h e  t u b e s  can t h e r e f o r e  be ach ieved  by u s i n g  t h e  p.roven tech-nol -  
ogy of mechanical  r a p p e r s  ( a s  o f t e n  a p p l i e d  i n  e l e c t r o s t a t i c  
p r e c i p i t a t o r s ) .  

Soot  b lowers  w i t h  t h e i r  e r o s i o n  e f f e c t  on t h e  t u b e s ,  t h e i r  
h igh  s team consumpt ion ,  and t h e i r  high i n s t a l l a t i o n  and main- 
t e n a n c e  c o s t s ,  a r e  f u l l y  e l i m i n a t e d .  /' 

According t o  o u r  c u r r e n t  e x p e r i e n c e ,  t h e  on - s t r eam t ime  
between o v e r h a u l s  of a  b o i l e r  equipped w i t h  t h e  d e s c r i b e d  
c l e a n i n g  sys t em i s  u p  t o  t h r e e  t i m e s  l o n g e r  than  t h a t  of t h e  
b e s t  up t o  now i n s t a l l e d  o t h e r  b o i l e r  d e s i g n s .  

The main c h a r a c t e r i s t i c s  of t h e  WIDMER + ERNST and b o i l e r  
concep t  can be summarized a s  f o l l o w s :  

Combustion 

- Cascade f e e d ,  s t e p  g r a t e  . . ... 
- Independent  h y d r a u l i c  dr i .ye  f o r  each movab'le g r a t e  b a r  row 
- ' A i r  ' co .o led  g r a t e  ba.r 
- Compact g r a t e  l a y e r  f o r  optimum pr imary  a i r  d i s t r i b u t i o n  and 

minimal s i f t i n g s .  
- f r e e l y  programabl e  contro.1 o f  g r a t e  movement ( independen t  

d r i v e s )  
- M u 1  t i - n o z z l e '  i n p u t  of seco,ndary a i r  ( :vor tex  zone )  

Steam boi 1  e r  

- Threepass  r a d i a t i o n  s e c t i o n  ( w a t e r  wal l  ) 
- C e n t r i f u g a l  d u s t  s e p a r a t i o n  (be tween 2nd and 3rd  p a s s ]  
- '  H o r i z o n t a l  f low c o n v e c t i o n  s e c t i o n  
- Only hanging tube  banks 
- Tube c l e a n i n g  by means of rnechanicfil r a p p e r s .  
- Long on- s t r eam t ime  between o v e r h a u l s  of t h e '  b . o i l e r  

Res i  due removal 

- Hydrau l i c  Ram type  

Environmental  s t a n d a r d s  

~ n s ' t i n c t i v e l ~  f o r  mariy peop le  was te  i . nc i ' ne ra t ion  p l a n t s  s t i l l  
a r e  t a i n t e d  by ugly  d u s t  and o f f e n s i v e  smel'l em'i'ssi'ons. P o o r l y '  
des igned  and improper ly  o p e r a t e d  p l a n t s  a s  we l l  a s  . the n a t u r e  
of w a s t e  a s  a  f u e l  have p r e s e n t e d  t h i s  p r e j u d i c e  t o  o u r  i ' n d u s t r y .  
Many was te  i n c i n e r a t i o n  p l a n t s  l o c a t e d  i n  r e s i d e n t i a l  a r e a s  
' p rove  t h a t  nowada.ys, w i t h  modern and c o n s c ~ i e n t i o u s l y  o p e r a t e d  
. - l a n t s ,  t h i s  annoyance can be and i s  be ing  e l i m i n a t e d .  . . 



Thus t h e  l e g i s l a t o r s  r i g h t l y  i m p o s e  s t r o n g  r e g u l a t i o n s  
c o n c e r n i n g  e v e r y  k i n d  o f  e m i s s i o n s .  From o u r  e x p e r i e n c e  a l l  u p  
t o  now demanded e m i s s i o n  r a t e s  c a n  b e  a t t a i n e d ;  i t  i s  o n l y  a  
m a t t e r  o f  c o s t s .  I f  we compare  some E u r o p e a n  r e g u l a t i o n s  w i t h  
d i f f e r e n t  A m e r i c a n  s t a n d a r d s  i t  shows c l e a r l y  t h a t  i n  E u r o p e  
t h e r e  i s  a  t e n d e n c y  t o w a r d s  l o w e r  e m i s s i o n  r a t e s .  E s p e c i a l l y  
i n  t h e  m o s t  i m p o r t a n t  m a r k e t  f o r  us  a t  t h i s  t i m e ,  t h e  F e d e r a l  
R e p u b l i c  o f  Germany,  t h e  f l u e  gas  s c r u b b i n g  t o  e l i m i n a t e  g a s e o u s  
c o m p o n e n t s  i s  g e n e r a l l y  r e q u i r e d .  To b e  o b j e c t i v e  i t  has  t o  b e  
added ,  h o w e v e r ,  t h a t  a l l  o u r  f a c i l i t i e s  a c h i e v e  e m i s s i o n  l e v e l s  
t h a t  a r e  s u b s t a n t i a l l y ,  b e l o w  t h e s e  l i m i t s  a n d  t h a t  t h i s  g o a l  h a s  
n o t  been a c h i e v e d  w i t h o u t  t a k i n g  i n t o - a c c o u n t  i m p o r t a n t  s a c r i -  
f i c e s  f o r  deveTopmen t  c o s t s .  

S e p a r a t i o n  o f  p a r t i c u l a t e  m a t t e r  

The way t o w a r d s  t h e  m o s t  s u i t a b l e  a i r  p o l l u t i o n  c o n t r o l  
e q u i p m e n t  1e.d t h r o u g h c y c l o n s ,  w e t  s e p a r a t o r s ,  baghous,e f i l t e r s  ,.  
w h i c h  i s  d e f i n i t e l y  a n d  u n i f o r m l y  u t i l i z e d  b y  a l l  p l a n t  b u i l d e r s  
t o  t h e  e l e c t r o s t a t i c  p r e c i p i t a t o r .  P r o v i d e d  i t  i s  c o r r e c t l y  
d i m e n s i o n e d ,  t h e  e l e c t r o s t a t i c  p r e c i p i t a t o r  p r a c t i c a l  1.y m a i n -  
t e n a n c e  f r e e  a n d  f u l f i l l s  a l l  r e q u i r e m e n t s .  A1,though a  l a r g e  < 
number  o f  c o m p a n i e s  m a n u f a c t u r e d  e l e c t r o s t a t i c  p r e c i p a t o r s ,  
t h e  e x p e r i e n c e d  p l a n t  d e s i g n e r  a n d . f i l t e r  m a n u f a c t u r e r  h a v e  
c o n s e r v e d  some o f  t h e . " t r i c k s f l  w h i c h  u l t i m a t e l y  w i l l  e n s u r e  t h a t  
t h e  l a t e r  p l a n t  o p e r a t o r s  becomes a  r e a l l y  s a t i s f i e d  c l i e n t .  
By s t a t i n g  t h i s  we t h i n k  a b o u t  t h e  c o r r e c t  s e l e c t i o n  o f t h e  gas  
v e l o c i t y ,  t h e  d e s i g n  o f  t h e . i n l e t  and o u t l e t  c o n e s ,  t h e  i n c l i n a -  
t i o n ,  i n s u l a t i o n  a n d  p a r t i a l  h e a t i n g  o f  t h e '  a s h  c o n v e y i n g  ' 
e q u i p m e n t  a n d  i t s  d i m e n s i o n i n g .  F o r  example , .  f l y  a s h  i s  v e r y  I. 

e r o s i v e ,  h y g r o s c o p i c  and  t e n d s  t o  b r i d g e  b u i l d i n g  i n  h o p p e r s .  

T h i c k  w a l l e d ,  s l o w  r u n n i n g  a n d  o v e r d i m e n s i o n e d  s c r e w  
c o n v e y o r s  h a v e  p r o v e n  t o  b e  t h e  m o s t  s u i t a b l e  e q u i p m e n t  f o r  
f l y  ash  c o n v e y i n g .  P r o v i s i o n s  f o r  e a s y  r e m o v a l  a n d  i n s t a l  l a t i o n .  
h a v e  t o  b e  made s i n c e , t h e  c o n v e y i n g  s c r e w s  h a v e  t o  be  r e m o v e d .  
a n d  o v e r h a u l e d  e v e r y  one t o  t h r e e  y e a r s .  ( F i g u r e  5 )  

Gaseous e m i s s i o n s  

H a l  o g e n - C o n t r o l  

C h l o r i d e s  and F l u o r i d e s  a r e  t h e  m o s t  common h a l o g e n s  p r e s e n t  
i n  m u n i c i p a l  w a s t e .  A c c o r d i n g . t o  German ( a n d  S w i s s )  f e d e r a l .  
r e g . u l a . t i o n s  t h e  e m i s s i o n  o f  HC1 c o r r e c t e d  t o  7%' C O  i s  n o t  t o  
e x c e e d  1 0 0  mg/Nm3 o r  6 2  ppm. a n d  HF i s  n o t  t o  e x c e e 4  5  mg/Nm3 o r  
a p p r o x .  6 .ppm. I n  p r a c t i c e ,  l o w e r  v a l u e s  t h a n  r e q u i r e d  a r e  
a c h i e v e d  b y  means o f '  s c r u b b i n g  t h e  f l u e  gase.s'  . a f t e r  E S P  i n  w e t  
gas  s c r u b b i n g  s y s t e m s ,  e .g .  a t  o u r  des igne .d '  p l a n t  S t a p e l f e l d  
Hamburg, t h e  HC1 a n d  HF e m i s s i o n s  d u r i n g  c o n t r o l  t es t . s . . sh .owed  t h e  
f o l l o w i n g  r e s u l t s :  
HC1 c o n t e n t  b e f o r e  s c r u b b e r  1 9 3 0  mg/Nm3 o r  1200ppm 
HC1 c o n t e n t  a f t e r  s c r u b b e r  68 mg/Nm3 o r  42PPm 
H F  c o n t e n t  b e f o r e  s c r u b b e r  1 2  mg/Nm3 o r  I ~ P P ~  



F  c o n t e n t  a f t e r  s c r u b b e r  0 . 5  mg/Nm3 o r  0 .6  ppm 

A d d i t i o n a l l y  t o  C h l o r i d e s  a n d  F l u o r i d e s ,  B r o m i d e  a n d  J o d i n e  
a r e  p r e s e n t  i n  i n d u s t r i a l  w a s t e .  These  h a l o ' g e n s  c a n  b e  
c o n t r o l l e d  b y  i n c i n e r a t i o n  o f  w a s t e s  c o n t a i n i n g  h a l o g e n s  w i t h  
w a s t e s  c o n t a i n i n g  s u l p h u r .  T h i s  way th.e d a n g e r  o f  c o r r o s i o n  
damage b y  h a l o g e n s  i s  r e d u c e d .  I n  i n d u s t r i a l  w a s t e  t h e  HC1 c o n -  
t e n t  may v a r y  b e t w e e n  ' 1 0 0 0  - 10,000 mg/Nm3. The a v a i l a b 1 . e  
s c r u b b i n g  s y s t e m s  a r e  a b l e  t o  h a n d l e  t h e s e  v a r i a t i o n s .  

O t h e r  g a s e o u s  e m i s s i o n s  

NO , h e a v y  m e t a l  o x i d e s  a r e  o t h e r  a i r  e m i s s i o n s  f r o m  
F t h e  c o  b u s t  o n  o f  w a s t e .  S O  , e m i s s i o n s  fro111 t h e  c o ~ n b u s t i o n  o f  

w a s t e  i s  u s u a l l y  a b o u t  500 m $ / ~ m 3  o r  175  ppm, w h i c h  i s  l o w k r  than 
c o a l  ( a p p r o x .  1000  ppm) o r  o i l  f i r e d  p l a n t s  ( 1 2 0 0  ppm) .  The 
t e m p e r a t u r e  i n  m u n i g i p a l  s o l  i d  w a s t e  i n c i n e r a t i o n  p l a n t s  i s  
b e t w e e n  900  t o l l 0 0  C ,  w h i c h  i s  n o t  f a v o u r i n g  t h e  f o r m a t i o n  o f  

The m e a s u r e d  NOx e m i s s i o n s  i n  o u r  p l a n t s  v a r i e s  b e t w e e n  
: i x i o  100  ppm. Heavy  m e t a l  o x i d e s  s u c h  a s  Zng, PbO, HgO, CdO 
a r e  a l s o  p r e s e n t  i n  f l u e  g a s e s .  T h e i r  p a r t i c u l a t e  s i z e  i s  so  
s m a l l  t h a t  t h e y  a r e  n o t  s e p a r a t e d  i n  E S P .  They  a r e  i n  s i z e  
r a n g e  o f  a e r o s o l s .  F o r  t h e i r  s e p a r a t i o n  an  a e r o s o l  s e p a r a t o r  
a f t e r  a  w e t  s c r u b b e r  i s  u s e d .  A c c o r d i n g  t o  o u r  k n o w l e d g e ,  
a e r o s o l  s e p a r a t o r s  a c h i e v e  e f f i c i e n c i e s  t h a t  a r e  h i g h e r  t h a n  
99%,  e .g .  i f  t h e  h e a v y  m e t a l  c o n t e n t  o f  t h e  i n l e t  o f  a  w e t  gas  
s c r u b b e r  i s  a p p r o x .  450  mg/Nm3 t h e  h e a v y  m e t a l  c o n t e n t  a t  t h e  
o u t l e t  o f  a  w e t  s c r u b b e r  i s  a p p r o x .  2.3 mg/Nm3. 

The p r o b a b i l i t y  i s  h i g h  t h a t  w a s t e  c o n t a i n i n g  p o l y c h l o r i n -  
a t e s  i s  w i t h  m u n i c i p a l  w a s t e  ( e . g .  i m p r e g n a t e d  wood, p e s t i c i d e  
c a n s ,  r a d i o  c o n d e n s e r s ,  e t c . )  I n  t h i s  c a s e ,  i f  t h e  c o m b u s t i o n o  ' 

i s  n o t  c a r r i e d  o u t  p r o p e r l y ,  i .e .  t h e  t e m p e r a t u r e  i s  b e l o w  800 C ,  
d i o x i n e s  and f u r a n e s  a r e  f o r m e d .  The h i g h l y  t o x i c  i s o m e r  o f  
d i o x i n e  a n d  f u r a n  (TCDD, TCDF) e x i s t  i n  s u c h  s m a l l  q u a n t i t i e s  
t h a t  s p e c i a l  i n s t r u m e n t s  f o r  t h e i r  d e t e c t i o n  a r e  n e c e s s a r y .  
However ,  a p p r o p r i a t e  d e s i g n  o f  t h e  c o m b u s t i o n  p r o c e s s  e q u i p m e n t  
and  a d e q u a t e  o p e r a t i n g  p r o c e d u r e s  e l i m i n a t e s  t h e  e m i s s i o n  o f  
t h e s e  t o x i c s .  

W a t e r  e f f l u e n t s  

The f o l l o w i n g  p l a n t  componen ts  c a n  p r o d u c e  sewage w a t e r ,  e i t h e r  
c o n t i n u o u s l y  o r  i n t e r m i t t e n t ,  d e p e n d i n g  o n  t h e  s y s t e m :  

B o i l e r :  B l  ow-down w a t e r  
Wet r e s i d u e  
d i s c h a r g e r :  E x c e s s  W a t e r  

F l u e  gas  
s c r u b b e y :  S l u d g e  

 side f r o m  t h e  w a t e r  c o n s u m p t i o n  as  s u c h ,  sewage f r o m  a  w a s t e  
i n c i n e r a t i o n  p l a n t  a l w a y s  c a u s e s  c .once rn .  Be i t  b e c a u s e  o f  



p r o g r e s s i n g  o b s t r u c t i o n  o f  sewage w a t e r  c o n d u i t s ,  t h e  
o v e r l o a d i n g  o f  p u b l i c  w a t e r  t r a t e m e n t  p l a n t s  w i t h  h e a v y  m e t a l s  
\and s a l t  l o a d s .  WIDMER + ERNST has  s e t  i t s e l f  t h e  t a s k  o f .  

Y 
d e v e l o p i n g  w a s t e  p r o c e s s i n g  p l a n t s  w i t h o u t  . g e n e r a t i o n  o f  
sewage.  T h i s  i s  a c h i e v e d  t h r o u g h  t h e  p r o p e r  s e l e c t i o n  - o f  p l a n t  
c o m p o n e n t s  a n d  p r o c e s s e s  as w e l l  as  a p p r o p r i a t e  d e s i g n  o f  t h e  
p l a n t .  

R e s i d u e s  

M o s t  o f  t h e  m e d i u m - s i z e  p l a n t s  i n  t h e  c a p a c i t y  r a n g e  b e t w e e n  200 
a n d  500 t o n s / d a y  i n  E u r o p e  a r e  e q u i p p e d  o n l y  w i t h  f e r r o u s  m e t a l s  
s e p a r a t i o n ,  o r  t h e  r e s i d ' u e s  a r e  d e p o s i t e d  w i t h o u t  a n y  f u r t h e r  
t r e a t m e n t .  The s i t e s  f o r  r e s i d u e  d e p o s i t s  a r e  s e l e c t e d  a c c o r d -  
i n g  t o  . v e r y  s e v e r e  g u i d e l i n e s  i n  o r d e r  t o  a v o i d  g r o u n d  w a t e r  
p o l l u t i ' o n .  F u r t h e r m o r e  t h e  l e a c h a t e s  a r e  e x a m i n e d  p e r i o d i c a l l y  
w i t h  r e s p e c t  t o  t h e i r  c h e m i c a l  c o m p o s i t i o n .  C o m p r e h e n s i v e  t e s t  
s e r i e s  h a v e  b e e n  c a r r i e d  o u t  t o  s t u d y  r e s i d u e  r e c y c l i n g  and  t h e  
e q u i p m e n t  and  t h e  p r o c e s s e s  a r e  known ,and t r i e d  o u t .  -However ,  
r e a l i z a t i o n  f a i l e d  i n  many c a s e s  due  t o  u n f a v o r a b l e  e c o n o m i c s .  
T h i s  r e f e r s  t o  m o s t  o f  t h e  m e d i u m - s i z e  p l a n t s .  '* * 

I 

However ,  r e c e n t  p r o j e c t s  i n  t h e  c a p a c i t y  r a n g e  b e t w e e n  
1 ,000 a n d  2,000 t o n s l d a y  i n c l u d e  o f t e n  r e s i d u e  t r e a t m e n t  
p r o c e s s e s .  

Hamburg h a s ,  f o r  e x a m p l e  a  common r e s i d u e  t r e a t m e n t  i n s t a l l -  
a t i o n  f o r  a l l  t h r e e  w a s t e  ' t o  e n e r g y  f a c i l i t i e s .  I t s  m a i n  
p r o d u c t ,  r o a d  b u i l d i n g  m a t e r i a l  i s ,  b y  t h e  way, i n  g r e a t  demand. 
( F i g u r e  6 )  - h *  

F i g u r e  7 shows t h e  b a s i c  l a y o u t  o f  s u c h  a  p l a n t .  

B )  D e s i g n  a d v a n t a g e s  

The c o n s t r u c t i o n  o f  w a s t e  t o  e n e r g y  p l a n t s  i s  more  t h a n  
j u s t  a  h a n d i c r a f t ,  i t  i s  an  a r t .  An a r t  i s  n o t  e a s y  t o  d e f i n e  
a n d  a n a l y z e ;  a l l  o f  u s  know t h i s .  B e f o r e  t h e  r e a l i z i n g  p h a s e  
t h e r e  i s  t h e  b a s i c  i d e a  o f . t h e  p r o c e s s  - t h e  p h i l o s o p h y .  L e t  
u s  l o o k  a t  o b s e r v a t i o n s  i n  t h i s  c o n t e x t  t h a t  a r e  g e n e r a l l y  v a l i d  
f o r  mass b u r n i n g  S y s t e m s  as  c o m p a r e d  t o  o t h e r  p r o c e s s e s .  

1 .  R e f u s e  a s  an. e n e r g y  c a r r i e r  i s  - c o n s i d e r i n g  i t s  
c a l o r i f i c  v a l u e  - v o l  um. inous,  h e n c e  i t s  t r a n s p o r t a t i o n  
a n d  i n t e r m e d i a t e  s t o r a g e  a r e  u n e c o n o m i c a l .  W I D M E R  + 
ERNST b u i l d s ,  t h e r e f o r e ,  o n l y  p l a n t s  t h a t  l e a d d i n  one 
s i n g l e  p r o c e s s  s t e p  f r o m  w a s t e  t o  t h e  f i n a l  p r o d u c t  
s t e a m  o r  e l e c t r i c i t y .  The c o ' n v e r s i o n  i n t o  a  f u e l  o f  
a r b . i t r a r y  c o m p o s i t i o n  a n d  g r a i n  a s  a  f i r s t  s t e p  f o l l o w e d  
b y  t h e  t r a n s p o r t a t i o n  t o  a  s e c o n d  p l a n t  w i . t h  ' t h e  p u r p -  
o s e  o f  b u r n i n g  i t  and  p r o d u c i n g  ,ene.r 'gy i s  . e c o n o m i c a l l y  
d i s a d v a n t a g e o u s .  Here,. f r o m  o u r  p o i n t  o f  v ie.w, a r e  
some o f  t h e  r e a s o n s :  



a )  T h i s  k ind  of f u e l  p r o d u c t i o n  i s ,  e x p e n s i v e  ( i n v e s t m e n t  
and o p e r a t i o n a l  . c o s t s ) .  

b )  A f t e r  t h e  f u e l  t r e a t m e n t  r e s i d u a l  m a t t e r  remains which 
c a n n o t  be r e a d i l y  d i s p o s e d  of and has  t o  be ' submi t ted  

, .  t o  f u r t h e r  c o s t l y  t r e a t m e n t .  

c )    ran sport at ion of  ' fue l  'from t h e  t r e a t m e n t  p l a n t  t o  th.e 
thermal  power p l a n t ,  c o n s i d e r i ' n g  i t s  c a l o r i f i c  v a l u e ,  
i s .  a  burden f o r  t h e  p . r o f i t a b i l i t y  a c c o u n t  and' consumes 
va 1  uab.1 e. e n e r g y .  

d )  .The combust ion chambers and b o i l e r s  of a  thermal  power 
p l a n t  a r e  b a s t i c a l l y  des igned  f o r  a  d i f f e r e n t  f u e l .  Refuse  
d e r i v e d  f u e l  i s ,  t h e r e f o r e ,  o n l y a n  a u x i l i a r y  o r  s t a n d b y  
f u e l  f o r  which t h e  sys tem never  has been d e s i g n e d .  The 
combust ion q u a l i t y  a s  we l l  a s  t h e  b o i l e r  s o i l i n g  c o n s t i t u t e  
an a d d i t i o n a l  u n c e r t a i n t y  f a c t o r  which i s  f i n a l l y  r e f l e c t e d  
i n  t h e  p r i c e .  

e )  As . f a r  . a s  we know, i t  i s  nowadays imposs ib- le  t o  o b t a i n  
long- t e rm c o n t r a c t s  w i t h  pr i .ce  and d e l  i 'very t a k i n g  
commitments f o r  R D F .  T h i s  u n c e r t a i n t y  c o m p l i c a t e s  t h e  
p r o j e c t  f ? n a n c i n g .  

The d i r e c t  conversi .on . o f . w a s t e  i n t o  s team o r  e l e c t r i c i t y  
d o e s n ' t  e n c o u n t e r  a l l  t h e s e  problems.  Fur , thermore ,  t h i s  
p r o c e s s  has  proven i t s  s u i  t a b i  1  i t y  through a  g r e a t  .number of 
o p e r a t i n g  p l a n t s .  

2 .  A p r o c e s s  f o r  t h e  thermal  c o n v e r s i o n  of w a s t e  shou ld  be 
d e s i g n e d  and b u i l t  i n  such a  way t h a t  no p r e c l a s s i f i c a t i o n ,  
homogenizing,  and p r e l i m i n a r y  s h r e d d i n g  a r e  n e c e s s a r y .  I f  i n  
s p e c i a l  c a s e s  a  p r e s e p a r a t i o n  s h o u l d  be d e s i r e d  f o r  m a t e r i a l  
r e c y c l i n g  r e a s o n s ,  i t  can be done. However, t h e  o p e r a t o r  
shou ld  be aware of t h e  commercial u n c e r t a i n t i e s  i n v o l v e d .  In 
any c a s e ,  fr.0111 t h e  p o i n t  of vicw of combustfon i t  i s .  l ~ n n ~ c e s s -  
a r y  f o r  t h e  mass b u r n i n g  sys tem.  The e x p e r i e n c e  has proven 
t h a t  i t  i s  b e s t  t o  l e a v e  i t  f u l l y  t o  t h e  f i r e  t o  t a k e  c a r e  of 
t h e  c o n v e r s i o n  of  he te rogenous  w a s t e  i n t o  h e a t ,  a s  n a t u r e  shows 
us.  The mechanica l  c r u s h i n g  by means of  m i l l s ,  s h r e d d e r ,  o r  
s h e a r s  r e q u i r e s  a  g r e a t  d e a l  of e x p e n s e ,  e n e r g y ,  s p a r e  p a r t s  
and ma in tenance .  Also t h e  a d d i t i o n a l  i n v e s t m e n t  c o s t s  shou ld  

/ n o t  be d j s r e g a r d e d .  

In  f u l l  compl iance  w i t h  t h e  g u a r a n t e e d  l i m i t s  on b u r n  o u t  
and e m i s s i o n s  and keeping  a  c o n s t a n t  s team o r  e l e c t r i c i t y  . 
p r o d u c t i o n  w i t h  a  maximum d e v i a t i o n  of + 5 % ,  t h e  mass 
bu rn ing  sys tem does not  r e q u i r e  any p r e r i m i n a r y  t r e a t m e n t .  

3 .  T H E  WIDMER t ERNST Mass Bu.rn.in.g' '.Sys.t,em, 

The r f g h t n e s s ,  o r  - t o  pu t  i ' t  more m,odest ly  - t h e  u s e f u l -  
n e s s  o f  t h e  p r o c e s s  ph i losophy  has  been conf i rmed by , 

n p e r a t i o n a l  e x p e r i e n c e .  



L e t  me u n f o l d  now some c h a r a c t e r i s t i c s  o f  t h e  p l a n t  b u i l d i n g  
t r a d e ,  a s  o u r  company does  i t  b u i l t  0 n . a  f o u n d a t i o n '  o f  many 
y e a r s  e x p e r i e n c e .  

3 .1  The g r a t e  and ,  c o m b u s t i o n  s y s t e m  d o e s  n o t  n e e d  a n y  w a s t e  
. p r e t r e a t m e n t , .  

3 .2  The w a s t e  f e e d  c a n  b e  c o n t r o l l e d  i n  s u c h  a  way t h a t  t h e  
s t e a m ,  r e s p e c t i v e l y  e l e c t r i c i t y  g e n e r a t i o n ,  r e m a i n s  c o n s t a n t  
w i t h i n  - + 5%. 

3 .3  The c o m b u s t i o n  g r a t e  i s  e x t r e m e l y  adop tab1 ,e  and  c a n  be 
a p p l i e d  t o  p r o E e s s  any  k i n d  o f  m u n i c i p a l  a n d  i n d u s t r i a l  w a s t e .  
The m a i n  r e a s o n s  f o r  t h i s  w i d e  o p e r a t i o n a l  r a n g e  a r e :  

- S i n g l e  s t a g e  g r a t e  d r i v e s  
- c o n t i n ~ r n ~ r s l y  c o n t r o l  l e d  w a s t c  c o n v e y a n c e  
- p o k i n g  e f f e c t  
- e f f i c i e n t  p r i m a r y  a i r  d i s t r i b u t i o n  
- f o r c e - c o o l e d  g r a t e  b a r s  

3 . 4  The s t e a m  b o i l e r  s p e c i f i c a l l y  d e v e l o p e d  f o r  t h e  c o m b u s t i o n  
o f  w a s t e  a l l o w s  f o r  o n s t r e a m  t i m e s  b e t w e e n  o v e r h a u l s  o f  up  t o  
20 ,000 o p e r a t i n g  h o u r s .  

The f o l 1 , o w i n g  d e s i g n  c h a r a c t e r i s t i c s  l e d  t o  t h e s e  r e s u l t s :  

- g e n e r o u s l y  d i m e ' n s i o n e d  r a d i a t i o n  s e c t i o n  w i t h  3 e m p t y  
w a t e r  w a l l  p a s s e s .  

, - p r e s e p a r a t i o n  o f  c o u r s e  f l y  ash  b e f o r e  t h e  c o n v e c t i o n  
s e c t i o n .  

- T o t a l  b u r n - o u t  o f  t h e  f l u e  g a s e s  b e f o r e  e n t e r i n g  t h e  
c o n v e c t i o n  s e c t i o n .  

- Low f l u e  gas  v e l o c i t y  i n  t h e  w h o l e  b o i ' l e r .  

- Good c l e a n i n g  e f f e c t  o f  t h e  r a p p . i n g  d e v i c e .  
. . 

The h o r i z o n t a l  a r r a n g e m e n t -  o f  t h e  b o i l e r  r e s u l t s  f u r t h e r m o r e  i n  
l o w e r  b u i l d i n g s  a n d  t h u s  i n  more  aes. ' t ,he.t ' ical  b u i l d i n g  c o n t o u r s .  

3 .5  We g u a r a n t e e  a  r e s i d u e  q u a l i t y  w i t h  a  maximum c o n t e n t  o f  5 %  
u n b u r n t  m a t t e r ,  w h e r e b y  l e s s  t h a n  1 %  i s  n o r m a l l y  a c h i e v e d .  T h i s  
i s  due t o :  

. . 

- o p t i m u m , c o m b u s t i o n  o n  t h e  g r a t e  

- m in imum g r a t e  s i f t i n g s ,  t h a n k s  t o  a  c o m p a c t  g r a t e  l a y e r .  



he  ram t y p e  r e s i d u e  d i s c h a r g e r  i n s t a l l e d  i n  our s t a n d a r d  p l a n t s  
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- l o w  w a t e r  c o n s u m p t i o n  
- n o  o v e r f l o w  w a t e r  
- a  r e s i d u e  d i s c h a r g e  w i t h  l o w  w a t e r  c o n t e n t ,  l e a d i n g  t o  

m i n i m a l  l e a c h a t e s  a t  t h e  l a n d f i l l .  

I n  ac , co rdance  w i t h  r e c e n t  p r a c t i c e  t h e  f l y  a s h  i s  n o  l o n g e r  
d i s c h a r g e d '  t o g e t h e r  w i t h , t h e  c o m b u s t i o n  r e s i d u e s ,  b u t  s t o r e d  
s e p a r a t e l y .  F l y  a s h  m i x e d  w i t h  r e s i d u e s  makes t h e i r  u s e  f o r .  
r o a d  b u i l d i n g  m a t e r i a l  d i f f i c u l t .  F u r t h e r m o r e ,  c o n t e n t s  m o r e  
h e a v y  m e t a l s  t h a n  u n m i x e d  r e s i d u e s .  

3.6 The  f l u e  gas  c l e a n i n g  s y s t e m  i s  t h e  l a s t  a c t i v e  t r e a t m e n t  
s t a g e  i n  t h e  p r o c e s s  a n d  d e t e r m i n e s ,  i n  c o n j u n c t i o n  w i t h  t h e  
c o m b u s t i o n  q u a l i t y ,  one  o f  t h e  m o s t  i m p o r t a n t  e v a l u a t i o n  c r i t e r i a  
o f  a  p l a n t :  t h e  p a r t i c u l a t e  m a t t e r  e m i s s i o n  o f  t h e  f l u e  g a s e s .  

As a l r e a d y  m e n t i o n e d  b e f o r e ,  t h e  e l e c t r o s t a t i c  p r e c i p a t o r  
has  become s t a n d a r d  e q u i p m e n t  f o r  f l y  a s h  s e p a r a t i o n .  I f  
r e q u i r e d  b y  l a w ,  as i s  t h e  c a s e  i n  t h e  F e d e r a l  R e p u b l i c  o f  
Germany,  t h e  maximum c o n c e n t r a t i o n  o f  H C L y  SO2 a n d  F1 w i l l  b e  . 
g u a r a n t e e d  as w e l l  t o  a c h i e v e  t h i s ,  we i n s t a l l  l o w  p r e s s u r e  
w e t  s c r u b b e r s  a s  a  s e c o n d  c l e a n i n g  s t a g e  a f t e r  t h e  e l e c t r o s t a t i c  
p r e c i p i t a t o r .  A c t u a l l y  t h i s  d e v i c e  i s  t h e  o n l y  one w h i c h  has  
p r o v e n  i t s  e f f e c t i v e n e s s  i n  p r a c t i c a l  s e r v i c e  f o r  t h i s  demand- 
i n g  t a s k .  

U s u a l l y  i n  E u r o p e  t h e  p a r t i c u l a t e  e m i s s ' i o n s  a r e  l i m i t e d  
t o  1 0 0  m g / ~ m 3  HoweLer ,  l i m i t s  down t o  30 m g / ~ m 3  c a n  be  + .  . 
q u a r a n t e e d .  b u r  company h a s  - I m e n t i o n  t h i s  w i t h  s a t i s f a c t i o n  - 
c o m p l i e d  w i t h  t h e  g u a r a n t e e d  e m i s s i o n  l i m i t s  i n  e v e r y  one  o f  
t h e  p l a n t s  we h a v e  b u i l t .  

T h e s e  a r e  some m a i n  d e s i g n  a d v a n t a g e s  o f  t h e  WIDMER + ERNST 
r e f u s e - t o - e n e r g y  s y s t e m .  P h i l o s o p h y a n d  a r t :  i n  p r a c t i c e  b o t h  
m u s t  s e r v e  

- e n v i r o n m e n t a l  p r o t e c t i o n  
- o p e r a t i o n a l  r e 1  i a b i  1  i t y  
- p r o f i t a b i l i t y  

a n d  t h i s  t h ' e y  h a v e  done .  

C )  C u - d i s p o s a l  o f  s o l i d  w a s t e  a n d  sewage s l u d g e  

I n  E u r o p e  t h e  t r e a t m e n t  o f  w a s t e  a n d  w a s t e  w a t e r  o f  a  c i t y  
. o r  a  r e g i o n  g e n e r a l l y  f a l l s -  u n d e r  t h e  c o m p e t e n c e  o f  t h e  same 
a u t h o r i t y  o r  a d m i n i s t r a t i v e  b r a n c h .  The a d m i n i s t r a t i v e  c o o p e r a -  
t i o n  a n d  e v e n t u a l l y  t h e  c e n t r a l i z a t i o n  o f  a  r e s o u r c e  r e c o v e r y  
o l a n t  a n d  a sewage t r e a t m e n t  p l a n t  o n  t h e  same s i t e  i s  i n  e v e r y .  

a s e  e c o n o m i c a l l y  a n d  o p e r a t i o n a . l l y  a d v a n t a g e o u s .  



T h i s  f a c t ,  a s  w e l l  as t h e  s t i l l  m i s s i n g  e c o n o m i c  s o l u t i o n  f o r  
h y g i e n i c  d i s p o s a l  o f  t h e  g r e a t  s l u d g e  q u a n t i t i e s  p r o d u c e d  
b y  sewage t r e a t m e n t  p l a n t s ,  has  k e p t  o n  g i v i n g  i m p e t u s  t o  t h e  
common t r e a t m e n t  o f  r e f u s e  a n d  w a s t e  w a t e r .  

WIDMER + ERNST d e s i g n e d  a n d  c o n s t r u c t e d  5  y e a r s  ago  t w o  
i n s t a l l a t i o n  f o r  t h e  c o d i s p o s a l  o f  w a s t e .  ( . F i g u r e  8 )  A c c o r d i n g  
t o  t h e  now a v a i l a b l e  o p e r a t i o n a l  e x p e r i e n c e ,  t h e  a p p l i e d  p r o c e s s  
c a n  b e  e v a l u a t e d  a s  b e i n g  r e l i a b l e .  a n d  e c o n o m i c  b e c a u s e  t h e  
e n e r g y  f o r  c o m b u s t i o n  chamber  o f  t h e  f u r n a c e  ( F i g u r e  9 ) .  The 
v a p o u r s  f r o m  t h e  d r y i n g  p r o c e s s  a r e  b r o u g h t . b a c k  i n t o  t h e  combus- 
t i o n  chambe'r,  w h e r e  t h e y  a r e  t h e r m i c a l l y  t r e a t e d  ( b u r n t )  and  t h u s  
d e o d o r i z e d .  The p r o c e s s  w o r k s  a s  f . o ' l l o w s :  

Sewage s l u d g e  i s  m e c h a n i c a l l y  d e w a t e r e d  t o  a p p r o x .  75% 
m o i s t u r e  c o n t e n t  a n d  c o n v e y e d  b y  means o f  c o n v e y o r s  t o  a l l  
w o r k i n g  t a n k  l o c a t e d  above  t h e  f u r n , a c e .  The s l u d g e  ' i s  e x t r a c t e d  
f r o m  t h e  w o r k i n g  t a n k ,  and  c o n v e y e d  t o  a  t w i n  s h a f t  m i x e r  o f  
t h e  s c r e w  c o n v e y o r  t y p e .  I n  t h e  m i x e r ,  t h e  w e t  s l u d g e  i s  m i x e d  
w i t h  a l r e a d y  d r i e d  s l u d g e - t o  a  m i x t u r e  w i t h  a  m o i s t u r e  c o n t e n t  o f  
3 5 - 4 0 % .  The m i x e d  s l u d g e  i n  t r i c k l i n g  f o r m  i s  i n s e r t e d  i n t o  t h e  
f l u e  gas down . d u c t s .  H o t  f l u e  g a s e s  w i t h  an a p p r o x i m a t e  
t e m p e r a t u r e  o f  750oC ( 1 3 8 0 0 F )  a r e  e x t r a c t e d  f r o m  t h e  f u r n a c e  a n d  
f l o w  t h r o u g h  a  downcoming  d u c t ,  t o  a  g r i n d e r  ( h a m m e r m i l l  t y p e ) .  
B e f o r e  t h e  h o t  g a s e s  a n d  t h e  s l u d g e  r e a c h  t h e  h a m m e r m i l l ,  the. 
h e a t  e x c h a n g e  and  t h e  e v a p o r a t i o n  and  d r y i n g  p r o c e s s  s t a r t s .  I n  . 
t h e  m i l l  t h e  s l u d g e .  i s  d i s i n t e g r a t e d  i n t o  v e r y  s m a l l  p a r t i c l e s  
( d u s t )  a n d  d r i e d  u n d e r  t h e  i n f l u e n c e  o f  h e a t .  

The g a s - s l u d g e  m i . x t u r e  f l o w s  th rou .gh  a  v e r t i c a l  upwards  
d u c t ,  w h e r e  t h e  f i n a l  s u s p e n s i o n  d r y i n g ' t a k e s  p l a c e .  

I n  t h e  c y c l o n e ,  t h e  s l u d g e  i s  s e p a r a t e d  f r o m  t h e  f l u e  g a s e s  
a n d  f a l l s  v i a  a  r o t a r y  v a l v e ,  a n d  a  d u c t  i n t o  t h e  d r y  s l u d g e  
s t o r a g e  t a n k .  The m o i s t  f l u e  g a s e s  a r e  r e i n t r o d u c e d  i n t o  t h e  
c o m b u s t i o n  chamber  t h r o u g h  t h e  s e c o n d a r y  a i r  s y s t e m  b y  t h e  
a i d  o f  a n  e x h a u s t  f a n .  The f l u e  gas  s t r e a m  i s  c o n t r o l l e d  b y  
dampers  a n d  c a n  b e  b y - p a s s e d  i n t o  t h e  e x t r a c t e d  f l u e  gas  
s t r e a m  ' t o  m a i n t a i n  any  s e t  t e m p e r a t u r e .  

The s e p a r a t e d ,  d r i e d  s l u d g e  w i t h  a  m o i s t u r ' e  c o n t e n t  o f  
1 0  - 15% i n  t h e  d r y  s l u d g e  s t o r a g e  t a n k ,  i s  e x t r a c t e d  v i a  r o t a r y  
v a l v e s ,  a n d  u s e d :  . 

- t o  b e  m i x e d  w i t h  t h e  w e t  s l u d g e  and  

- t o  b e  i n t r o d u c e d  a n d  b u r n e d  i n  t h e  c o m b u s t i . o n  
chamber  i n  s u s p e n s i o n  above  t h e  g r a t e . s  w i t h  d u s t  
b u r n e r s .  

A c e r t a i n  'amount  o f  d r i e d  s l u d g e  has  t o  b e  s t o r e d  i n  t h e  
i n t e r m e d i a t e  t a n k  f o r . t h e  p u r p o s e  o f  m i x i n g  t o  t h e  w e t  s l u d g e  
a t  s t a r t - u p s .  



W h e r e v e r  n e c e s s a r y  t h e  i n s t a l l a t i o n  i s  i n s u l a t e d  a g a i n s t  h e a t  
l o s s e s .  

An a u t o m a t i c a l l y  o p e r a t e d  m e a s u r e m e n t  a n d  c o n t r o l  s y s t e m  a l l o w s  
s u p e r v i s i o n  a n d  c o n t r o l  o f  t h e  i n s t a l l a t i o n  f r o m  t h e  m a i n  c o n t r o l  
room.  ( F i g u r e  1 0 )  

Fans  g e n e r a t e  t h e  n e c e s s a r y  a i r  f o r  ' p n e u m a t i c  t r a n s p o r t  o f  t h e  
d r y  s l u d g e  t o  t h e  r e f u s e  i n c i n e r a t i o n  c o m b u s t i o n  chamber .  The 
b u r n e r s  a r e  d e v e l o p e d  t o  b u r n  d r i e d  s1udg.e a n d  e n s u r e  a  f a s t  
and  t o t a l  t h e r m a l  r e d u c t i o n  o f  t h e  s l u d g e  i n  s u s p e n s i o n  a b o v e  
t h e  g r a t e s .  ( F i g u r e  1 1 )  

D u r i n g  s e v e r a l  y e a r s  t h e  d r i e d  s l u d g e  has  b e e n  a n a l  i z e d  b y  
t h e  e n v i r o n m e n t a l  p r o t e c t i o n  a u t h o r i t i e s  o f  t h e  s t a t e  o f  B a v a r i a  
i n  M u n i c h  w . i t h  r e s p e c t  t o  i t s  h e a v y  m e t a l  c o n t e n t s .  The r e s u l t s  
show s u c h  a  l o w  h e a v y  m e t a l  c o n c e n t r a t i o n  i n  t h e  s l u d g e  p r o d u c e d  
b y  t h i s  p r o c e s s  t h a t  t h e  a u t h o r i t i e s ' h a v e  a u t h o r i z e d  i t s  u s e  i n  
a g r i c u l t u r e .  

A r e m a r k  on  t h e  o d o r  q u e s t i o n !  

A l l  s l u d g e  c o n v e y i n g  and  s t o r a g e  e l e m e n t s  a r e  f u l l y  e n c l o s -  
e d  and  u n d e r  n e g a ' t i v e  p r e s s u r e .  The v a p o u r s  f r o m  t h e  d r y i n g  
p r o c e s s  a r e  b u r n e d  i n  t h e  f u r n a c e .  A f t e r  t o t a l  o x i d a t i o n  a n y  
o d o r s  a r e  e l  i m i n a t e d .  

D) S team c o n d i t i o n s  

F o l l o w i n g  T a b l e  I shows t h e . s t e a m  d a t a  o f  some p l a n t s  i n  
o p e r a t i o n  o r  u n d e r  c o n s t r u c t i o n .  

TABLE I 

) Our g e n e r a l  o p i n i o n  i s  t h a t  i t  i s  b e t t e r  t o  s a c r i f i c e  some o f  
t h e  t u r b i n e  e f f i c i e n c y  t h r o u g h  somewhat  l o w e r  s t e a m  c o n d i t i o n s  " 

b u t  e n s u r e  a  h i g h  r e l i a b i l i t y  o f  t h e  i n s t a l l a t i o n  a n d  a  l o n g  

R e s o u r c e  R e c o v e r y  F a c i  1  i t y  

Baden,  N e u c h a t e l ,  ~ e r d e n b e r g  
F u e r t h  
 amb burg ' 

B i . e l e f e l d  
R u h r  M i t t e  I 1  
S c h w a n d o r f  
Ny.borg 

T e m p e r a t u r e  P r e s s u r e  

O F  O C  ~ s i g  b a r  

752  400 580 . . 40  
304 151  7  2  5  
707 375 392  27 
7 5 2  400  580 40 
6 8 0  320 464  32 
770  4 1 0  1 0 5 9  73 
4 6 4  240 1 7 4  1 2  



b o i l e r  l i f e  s p a n .  B a s e d  on  o p e r a t i o n a l  e x p e r i e n c e ,  i t  i s ,  
g e n e r a l  p r a c t i c e  i n ' E u r o p e  t o , ' c h o o s e  l o w e r  s t e a m  c o n d i t i o n s  

4 
i n  s p i t e  0.f m a j o r '  i m p r o v e m e n t .  i n '  t h e '  d e ' s i g n  o f  s t e a m  b o i l e r s .  
We recommend t h e  f o l l  o w j  n g  s t e a m  c o n d i t i o n s :  

P r e s s u r e  6 0 0  p ' s i g  41 ' b a r  



OPERAT'ION 

A)  O p e r a t i n g  e x p e r i e n c e  

1 .  P e r s o n n e l  r e q u i r e m e n t s  

The  pe . r sonne1  r e q u i r e m e n t s  d e p e n d  on :  

. ' t h e  t e c h n i c a l  d e s i g n  o f  t h e  p l a n t  

. t h e  number  o f  p r o c e s s  .l i n e s  

. t h e  o p e . r a t i o n a 1  p r o g r a m  ( t i m e s  o f  d e l i v e r y ,  
number  o f  s h i f t s )  

. t h e  w e e k l y  w o r k i n g  h o u r s  a c c o r d i n g  t o  l a w  . t h e  g e n e r a l .  t r a i n i n g  l e v e l .  o f  t h e  e m p l o y e e s  and,  t o  
a  l i m i t e d  e x t e n t ,  o n '  t h e  p r o c e s s  c a p a c i t y .  

a 

The f o l l o w i n g  t a b l e  shows t h e  p e r s o n n e l  o f .  s o m e '  
p l a n t s  w i t h o u t  c o n s i d e r i n g  t h e  p l a n t ' s  management  
a n d  t h e  c o m m e r c i a l .  e 'mp loyees .  



2 .  Main tenance  and r ep lacemen t  

Should a  r e s o u r c e  r e c o v e r y  p l a n t  w i t h  ene rgy  p r o d u c t i o n  
a t t a i n  t h e  o p e r a t i o n a l  r e l i a b i l i t y  of  a  thermal  p l a n t  a  r i g o r o u s  
i n s p e c t i o n  program must be c a r r i e d  o u t .  The n a t u r e  of was te  a s  a  
f u e l  r e q u i r e s  more main tenance  t ime  than  a  c o n v e n t i o n a l  thermal  
power p l a n t .  I f  t h e  i n ' s p e c t i o n s  a r e  c a r r i e d  o u t  s e r i o u s l y  .and 
a c c o r d i n g  t o  a  program, m a l f u n c t i o n s  w i l l  no t  occur  more o f t e n  

. . t h a n  i n  a  c o n v e n t i o n a l  power p l a n t .  The i . n s p e c t i o n  program 
shou ld  i n c l u d e  t h e  p rep lanned  exchange of  s p a r e  p a r t s .  Th i s  
work r e q u i r e s  a  ca re f -u l  c o n t r o l  of  wear ing  p a r t s  by an e x p e r i e n -  
'ced p r o f e s s i o n a l  d u r i n g  t h e  main i n s p e c t i o n s .  

I f  s i g n s  of wear a r e  d i s c o v e r e d ,  t h e y  can be a p p r a i s e d  and 
eva l lua ted ,  and ,  i f  n e c e s s a r y , .  t h e  needed rep lacemen t  m a t e r i a l  
and pe r sonne l  can be p r e p a r e d  f o r  t h e  nex t  main tenance  s h u t  down. 

We recommend t o  ou r  c l i e n t s  an i n s p e c t i o n  program based on 
o p e r a t i n g  e x p e r i e n c e  because  we a r e  convinced  t h a t  such an 
approach  wi l l ,  pay f o r  i t s e l f .  

II - 
. I t  i s  obv ious  ' t h a t  t h e  i n s p e c t i o n  t i m e s  of t h e  s i n g l e  

p r o c e s s  u n i t s  must be s h i f t e d ,  and t h e  ma in tenance  s h u t  down 
s h o u l d  be s c h e d u l e d  f o r  p e r i o d s  wi th  reduced  was te  d e l i v e r i e s  
( b e f o r e  o r  d u r i n g  f e s  y i t y  d a y s ,  d u r i n g  h o l i d a y s ) ,  s e a s o n s  of 
low,  was te  g e n e r a t i o n .  

.Design v e r s u s  a c t u a l  t h r o u g h p u t  

I t  i s  p r i n c i p a l . 1 ~  wrong, o r  a t  l e a s t  not  s u f f i c i e n t ,  t o  
e v a l u a t e  r e s o u r c e  r e c o v e r y  p l a n t  wi th  ene rgy  p r o d u c t i o n  i n  t e rms  
o f  i t s  t h r o u g h p u t  i n  t o n s  p e r  hour  o r  p e r  day .  As a  thermal  
i n s t a l l a t i o n ,  a1 1 i t s  a c t i v e  p r o c e s s  components a r e  l i m i t e d  by 
t h e i r  thermal  c a p a c i t y . .  Only f o r  the .  combust ion g r a t e  des ign ,  i s  
t h e  weighted  r e f u s e  t h r o u g h p u t  r e l e v a n t .  The reduced  t h r o u g h p u t  
of r e s o u r c e  r e c o v e r y  p l a n t s  i n  t h e  c o u r s e  of .  o p e r a t i o n a l  l i f e  
does  n o t ,  by a l l  means, s i g n i f y  t h a t  t h e  p l a n t  c a , p a c i t y  has '  
d i m i n i s h e d  because  of a g i n g .  According t o  a l l  r e s e a r c h e d  s t a -  
t i s t i c s  ' a v a i l a b l e  i t . c a n  be proved t h a t  t h e  w a s t e  c a l o r i f i c  
v a l u e  i n  a  de te rmined  c i t y  o r  r e g i o n  i n c r e a ' s e s  through t h e  y e a r s .  
T h e r e f o r e ,  a t  a  l a t e r  t ime  t h e  same p l a n t  must b u r n  l e s s  fue l .  
t o  produce t h e  same amount o f  e n e r g y  o r ,  i n  o t h e r  words ,  t h e  , .  . 

p l a n t ' s  through.put  cou ld  be lower  i n  tonnage .  

. For t h i s  r e a s o n  e v e r y  s t a t e m e n t  abou t  th 'roughput c a p a c i t y  
must be coup led  w i  t . h  t h e  c o r r e s p o n d i n g  w a s t c  c a l o r i f i c  value. ,  a s  
t h e  combust ion d iagram shows. 

To d e t e r m i n e  th'e y e a r l y  t h r o u g h p u t  f o r  p l a n n i n g  purposes  we 
c a l c u l a t e  t h e  a v a i l a b i l i t y  f o r  each  u n i t  t o  be max. 7500  hours  
p e r  y e a r .  

The main tenance  and pe r sonne l  q u a l i f y ,  a s  we31 a s ,  t o  a  
c e r t a i n  d e g r e e ,  t h e  age  of  t h e  p l a n t  can i n f l u e n c e  t h i s  v a l u e .  

a 
t' 



New p l a n t s  c a n  o p e r a t e  f o r  o v e r  8 ,000 h o u r s  p e r  y e a r .  I n  
o l d e r  i n s t a l l a t i o n s  t h i s  v a l u e  c a n  be r e d u c e d  down t o  a b o u t  
7,000 p e r  y e a r .  

ECONOMICS 

1) I n t r o d u c t i o n  

Many t i m e s  ' e x p e r t s  . h a v e  t r i . e d  t o  e s t a b l i s h  a  g e n e r a l  o v e r -  
v i e w  o f  e c o n o m i c s  o f  r e s o u r c e  r e c o v e r y  i . n  E u r o p e .  However  i t  
has  p r o v e n  i m p o s s i b l e  t o  g e n e r a l i z e  or  e,ven t o  f i n d  a  c e r t a i n  
r a n g e  t h a t  c a n - b e  a p p l i e d  t o  o p e r a t i n g  c o s t s  o f  e x i ' s t i n g  p l a n t s .  
Our  c o m p a n y , h a s  o f t e n  been a s k e d  b y  A m e r i c a n s  who v i s i t e d  p l a n t s  
i n  E u r o p e .  How c a n  y o u  p r e d i c t  r e a s o n a b l e  c o s t s  f o r  f a c i l i t i e s  
i n  t h e  USA i f  i n  E u r o p e  y o u r  c o s t s  p e r  t o n  a r e ,  f i r s t  o f  a l l ,  
v e r y  h i g h  and  s e c o n d l y  d i f f e r  f r o m  p l a c e  t o  p l a c e ;  

T h e r e  a r e  numerous  r e a s o n s  f o r  t h i s .  The m a i n  o n e s . a r e  
l i s t e d  b e l o w :  

- M o s t  o f  t h e  E u r o p e a n  p l a n t s  a r e  o p e r a t e d  b y  m u n 7 c i p a l i t i e s  
o r  r e g i o n a l . g o v e r n m e n t  a u t h o r i t i e s .  T h i s  makes i t  i n  m o s t  
o f  t h e  c a s e s ~ i m p o s s i b l e  t o  a p p l y  c o r r e c t  c o s t  f i g u r e s  t o  
t h e  p l a n t  o p e r a t i o n .  o 

- ' O v e r c a p a c i t y :  M o s t  p l ' a n t s  a r e  d e s i g n e d  . n o t  o n l y  t o  l a s t  f o r  
.20 y e a r s  a n d  more-, b u t  a l s o  t o  -accomoda te  e x p e c t e d  w a s t e  i n -  
c r e a s e s  o v e r  t h e  l o n g  t e r m .  Th. is  l e a d s  a u . t o m a t i c a l l y  t o  an  
e c o n o m i c a l l y  i n s u f f i c i e n t  u ' t i . l i z a t i o n  o f  t h e  p l a n t  d u r i n g  t h e  
f i r s t  y e a r s  and  s o m e t i m e s ,  i f  t h e  p r o j e c t i o n s  d o  n o t  w o r k  o u t ,  
f o r  e x t e n d e d  p e r i o d s .  

' -  p h i l o s o p h y :  E u r o p e a n  c o u n t r i e s  d e v e l o p e d  r e s o u r c e  r e c o v e r y  ' 

e a r l i e r  t h a n  t h e  USA o u t  o f  p u r e . n e c e s s i t y .  L a n d  a v a i l a b i l i t y  
f o r  l a n d f i l l s  i s  sca . r ce  a n d  l e a c h a t e  a n d  a i r  p o l l u t i o n  
p r o b l e m s  c a n n e c t e d  t o  l a n d f i l l  o p e r a t i o n s  h a v e  been  r e c o g n i z e d  
a. l o n g  t i m e  a g o .  

T h e r e f o r e ,  s o c i o - e c o l o g i c a l  c o n s i d e r a t i o n s  w e r e  t h e  m a i n  
. f a c t o r  i n  p r o m o t i n g  r e s o u r c e  r e c o v e r y .  A l t h o u g h  e c o n o m i c s  a r e  
o f  c o u r s e  a  d e c i s i o n  m a k i n g  f a c t o r  i n  s e l e c t i n g  a  c o n t r a , c t o r ,  
i t  i s  a c c e p t e d  t h a t  r e s o u r c e  r e c o v e r y  c o s t s ' n o r m a l l y  a r e  some- 
w h a t  h i ' g h e r  t h a n  l a n d f i l l i n g . .  R e s o u r c e  R e c o v e r y  i s  a  s o l u t i o n  
t o  a  s e r i o u s  p r o b l e m  a n d  t o  p a y  a  p r i c e  f o r  i t  s h o u l d  o n l y  be  
r e a s o n a b l e .  

The f o l l o w i n g  w i l l  g i v e  some i n s i g h t  i n t o  t h e  e c o n o m i c s  o f  
r e s o u r c e  r e c o v e r y  u s i n g  c o s t s  a p p l i e d  b y  o u r  company f o r  t h e  , 

'. US m a r k e t .  

F a c i l i t y  c o s t s ,  f i n a n c e  c o s t s ,  d e b t  s e r v i c e  

F o r  o u r  e x a m p l e . w e  u s e  a  medium t o  l a r g e  s i z e  f a c i l i t y  
c a p a b l e  o f  p r o c e s s i n g .  a p p r o x .  500,000 t o n s  ' o f  s o l i d  w a s t e  p e r  
y e a r .  Assuming  an  85% a v a i . l a b i l i t y  t h e  p . l a n t  m u s t  h a v e  a  



d e s i g n  c a p a c i t y  o f  1600  t o n s  p e r  d a y .  We f u r t h e r  assume t h a t  
f o r  r e a s o n s  o f  c o n t i n u o u s o o p e r a t i o n  3 i n d e p e n d e n t  p r o c e s s  l i n e s  
w i l l  d e l i v e r  6 0 0  p s i g / 7 5 0  F s t e a m  t o  a  ne .arby  p l a n t  t h a t  c a n  ' 

u s e  a l l  o f  t h e  s t e a m  p r o d u c e d  b y  t h e  r e s o u r c e  r e c o v e r y  f a c i l i t y  
o n  a  c o n t i n u o u s  24  h r / d a y ,  7  day /week  b a s i s .  

The r e s o u r c e  r e c o v . e r y  p l a n t  w i  1 1  h.ave app rox . .  4 ,200 1  b s .  
o f  ste,a.m f o r  s a l e  f o r  e v e r y  t o n  o f  s o l i d  w a s t e  p r o c e s s e d ,  o r  
2 . 1  b i l l  i o n  1  b s .  p e r .  y e a r . .  I f  t h i s  s t e a m  r e p l a c e s  s team.  p r o -  
d u c e d  b y  oi.1 f i r e d  b o i l e r s ,  a  p r i c e  o f  a b o u t  $7 .00  p e r  1 0 0 0  l b s .  
s h o u l d  b e  a  reasonab1 .e  i n c e n t i v e  f o r  t h e  s t e a m  u s e r  t o  b u y  i t .  
The s t e a m  s a l e s  p l a n t  r e v e n u e s  w o u l d  t h . e r e f o r e  be  14 .7  ' m i l l i o n  
d o l l a r s  p e r  y e a r .  

C a p i t a l  c o s t s  a r e  e s t i m a t e d  a t  7 0  m i l l i o n  d o l l a r s .  
D e p e n d i n g  o n  t h e  t y p e  o f  f i n a n c i n g ,  t h e  t o t a l  c a p i t a l  t o  b e  
c o v e r e d  w i l l  r u n  a b o u t  1 0 0  m i l l i o n . d o l l a r s .  A t  a  23 y e a r  
a m o r t i z a t i o n  r a t e  ( 3  y e a r s  c o n s t r u c t i o n  a n d  20  y e a r s  o p e r a t i o n )  
t h e  a n n u i t y  w i l l  be  11 .26%,  a s s u m i n g  a  10% i n t e r e s t  r a t e .  
The d e b t  s e r v i c e  t h e r e f o r e  t o t a l s  11,260,000 d o l l a r s  p e r  y e a r  o r  
2 2 . 5 2  $ / t o n .  

3 )  T i p p i n g  f e e  
0 

The t i p p i n g  f e e ,  t o  b e  p a i d  t o  th.e p l . a .n t  o p e r a t o r ,  has  t o  
c o v e r  th .e  d i f f e r e n t i a l  b e t w e e n  t h e  o p e r a t i n g  c o s t s  p l u s  d e b t  

\ s e r v i c e  a n d  t h e  r e v e n u e s  f r o m  t h e  s a l e  o f  e n e r g y .  I n  t h e  f o l l o w -  
. i n g  t a b l e  we show a  t y p i c a l  c a l c u l a t i o n  t o  e s t a b l i s h  ' t h e  t i p p i n g  

f e e .  

I f  t h e  o p e r a t o r  i s  a. p r . i v a t c t  e n t i t y  ( p e r f e r a b l y  t h e  
d e s i g n e r / c o n s t r u c t o r  o f  t h e  f a c i l i t y )  h i s  p r o f i t  w i l l  n o r m a l l y  
b e  a  p e r c e n t a g e  o f  t h e  e n e r g y  r e v q n u e s  i n  t h e  r a n g e  o f  ' l o % ,  
p l u s  a  f i x e d '  f e e . - '  P a r t i c . i p . a t i o n  i n  t h e  e n e r g y  r e v e n u e s  g i v e s  
t h e  o p e r a t o r  t h e  n e c e s s a r y . i n c e n t i v e  t o  o p e r a t e  t h e  p l a n t  a t  
o p t i m a l  e f f i c i e n c y  t h r o u g h o u t  t h e  w h o l e  c o n t r a c t .  

We d i d  n o t  i n c l u d e  i n  t h e  o v e r a l l  p l a n t  e c o n o m i c s  p o s s i b l e  
r .evenues f r o m  t h e  s a l e  o f  s e c o n d a r y  m a t e r i a l s .  M a r k e t s  f o r  
t h e s e  m a t e r i a l s  t e n d  t o  f l u c t u a t e  s i g n i f i c a n t l y  a n d  u n p r e d i c t -  
a b l y .  - T h i s  t y p e  o f  r e v e n u e  s t r e a m  has t o  be  h a n d l e d  o n  a  
s h o r t - t e r m  b a s i s  a n d  a n y  s u c h  i n c o m e  n o r m a l l y  i s  s p l i t  b e t w e e n  
t h e  o p e r a t o r  a n d  t h e  c o m m u n i . t i e s  o n  a ' y e a r l y  b a s i s .  . 



).. T.ABLE . . 'I I I 
CALCULATION OF DISPOSAL F.E.E ( i n  J U l y  1979 D o l l a r s )  

/ 

F a c i l i t y  w i t h  3 u n i t s  @ 535 TPD = 1605 TPD .' 

Y e a r l y  t h r o u g h p u t :  500,000 Tons = 85% o f  c a p a c i t y  

COSTS $/YEAR $/TON 

P.ersonne1 1,500,000 
M a i n t e n a n c e  2,000,000 
U t i l i t i e s  1,250,000 
I n s u r a n c e , M i s c e l l a n e o u s  350,000 
Res idue  D i s p o s a l  1  ;500,000 
Management Fee. ( f i x e d  p a r t  350,000 
Land  -Lease 100,000 
Fee t o  h o s t  commun i ty ,  i n  l i e u  
o f  t a x e s  500,000 
Deb t  se r v . i  ce  11,260,000 

TOTAL COSTS 18,810,000 37.62 

R E V E N U E S  

90% o f  s team s a l e s  13,230,000 26.46 
(7 .00  p e r  1,000 I b s . )  

NET. TIPPING FEE 

C o n c l u s i o n  

Th,i s  g i v e n  examp le ,  w h i l e  s imp1  i ' f i e d ,  r e p r e s e n t s  a  f a i ' r  
e v a l u a t i o n .  o f  t h e  economics  o f  a  r esou ' r ce  r e c o v e r y  . f a c i  1  i ' t y .  . ' 

The f i g u r e s  can o f  c o u r s e  v a r y  d e p e n d i n g  on; 

. . - p ' l a n t  s i z e  
- e n e r g y  c u s t o m e r  
- t y p e  o f . f i n a n c i n g  . . 

- t y p e  o f  o p e r a t i o n  
- u t i l i z a t i o n  o f  c a p a c i t y  
- o t h e r s  
W h i l e  t h e  t i p p i n g  f e e  c o u l d  seem:noncompe t i t ?ve  t o  l a n d f i l l  i n  
many case.s,: a  Pew f a c t s  - s h o u l d  .be ' kep t  i n  m j n d ,  

A) The t i p p i n g -  f e e  a t  a  l a n d f i l l  o r  a  reso-u ' rce '  'r'ecover;y , 

f a c i l i t y  i s  o n l y .  a  r e l a t i . v e  .smal;l p a r t  .of t h e '  t o . t a 1  d i s p o s a l  
c o s t s  f o r  was te .  



B )  C o n s e q u e n t  u p g r a d i n g  o f  e x i s t i n g  l a n d f i l l s  o r  p r e p a r a t i o n  

l a n d f i l l  r a t e s  i n  t h e  n e a r  f u t u r e .  Many w i l l  c l o s e  a n d  h a u l  
rea o f  new o n e s  i n  c o m p l i a n c e  w i t h  R C R A  r e g u l a t i o n s  w i l l  s k y r o c k e t  

d i s t a n c e s  w i l l  i n c r e a s e  s u b s t a n t i a l l y .  
- .  

C) R e s o u r c e  Recove, ry ,  i f  t h e  m a s s - b u r n i n g  w a t e r - w a l l  s y s t e m  
a c c o r ' d i n g  t o  p r o v e n  E u r o p e a n  t e c h n o l o g y  i s .  a p p l i e d ,  c a n  be 
p l a c e d  i n  l o c a t i o n s  c e n t r o i d  t o  t h e  w a s t e  g e n e r a t i o n  a n d  e l i m i - '  
n a t e  l o n g  a n d  f u e l  e x p e n s i v e  h a u l i n g  d i s t a n c e s .  

D)  Because  a  l a r g e  p a r t  o f  t h e  o p e r a t i n g  c o s t  c o n s i s t s  o f  d e b t  
s e r v i c e  a t  a  f i x e d  r a t e ,  o n l y  a  p a r t  o f  t h e s e  c o s t s  w i l l  e s c a l -  
a t e  due t o  i n f l a t i o n .  

E )  Because  i t  c a n  be assumed t h a t  e n e r g y  p r i c e s  w i l l  c o n t i ' n u e  
t o  r i s e  f a s t e r  t h a n  g e n e r a l  i ' n f l a t i o n ,  . r e v e n u e s  f r o m , e n e r g y  
s a l e s  w i l l  c o n t r i b u , t e  more  and  more  o v e r  t i m e .  

F )  ~ a k i n ~  i n t o  a c c o u n t  t h e  ' f a c t s  o f  D )  a n d  E )  t i p p i n g  f e e s  w i l l  . . 

r i s e  a t  a  l o w e r  r a t e  t h a n  i n f l a t i o n  a n d  m i g h t  e v e n  l e v e l  o f f  
q u i c k l y ,  o r , g o  down o v e r  t i m e .  T h i s  c a n n o t  r e a s o n a b l y  be  assum- 
e d  f o r  h a u l  i . n g . a n d ' d i s p o s a 1  a t  l a n d f i l l s .  

A l l  t h i s  s h o u l d  h e l p  t o  c o n v i n c e  t h e  p u b l i c  a n d  ' o f f i c i a l s  
t h a t  r e s o u r c e  r e c o v e r y  i s  e c o n o m i c a l l y  f e a s i b l . e  b e s i d e s  b e i n g  
a  n e c e s s i t y  t o  g u a r a n t e e  a  s a f e '  e n v i r o n m e n t  a n d  qua1 i t y  o f  1 , i f e .  

AMERICAN MARKETING PHILOSOPHY 

A )  A r r a n g e m e n t  w i t h .  Eur.o.pean S y s t e m  D e v e l o p e r  , 

On t h e  A m e r i c a n . . m a r k e t ,  WIDMER +. ERNST w o r k s  e x c l u ' s i v e l y  
t h r o u g h  i t s  own s u b s i d i a r y , c o m p a n y  WIDMER + ERNST I N C . ,  New 
Y o r k ,  a n d  n o t  v i a  a  l i c e n s e .  The t e c h n i c a l  management  o f  t h e  . 
company i s  i n  t h e  hands  o f  an  e n g i n e e r  f r o m  t h e  p a r e n t  h o u s e  i n  
S w i t z e r l a n d ,  who i n  t h e  l a s t  1 5  y e a r s  has  s e r v e d  u n i n t e r u p t e d l y  
i n  d i f f e r e n t  p o s i t i o n s  i n  t h e  r e s o u r c e  r e c o v e v y  f i e l d  b o t h  i n  
E u r o p e  a n d  t h e  USA.. 

Th.e management ,  m a r . k e t i n g . . a n d  s e l l i n g  a r e  i n  t h e  hands  o f  
A m e r i c a n  w i t h  i n d u s t r i a l  e x p e r i e n c e .  The ba.s i .c  e n g i n e e r i n g  f o r  
e a c h  p r o j e c t  i . s  w o r k e d  o u t  i n  t h e  p a r e n t  company i n  S w i t z e r l a n d  
an'd p u t  ' a t  t h e  d i s p o s i t ' i o . n  o f  o u r  .New Y o r k  team.  Based  on  t h i s  
w o r k  and k e e p i n g  c o n s t a n t  c o n t a c t  ' w i t h .  t h e  p a r . e n t  company,  t h e  
p l a n t ' s  c o m p o n e n t s  a r e  s e l e c t e d  among t h e  v a s t  r a n g e  o f  p r o d u c t s  
t h a t  A m e r i c a n  i n d u s t r y  o f f e r s .  To g u a r a n t e e  a n  u n c h a n g e d  q u a l -  
i t y  o n l y  t h e  c o m b u s t i o n  g r a t e  a n d  t h e . r e a i d ~ r e  d i s c h a r g e r  w o u l d  
b e -  d e l  i . v e r e d  f r o m  Swi  t z e r 1 , a n d .  

I n  t h e  c a s e  o f  an  o r d e r ,  an  e x p e r t e n c e d  p r o . j e c t . m a n a g e r  
f r o m  t h e  p a r e n t  company,  . h a v i n g  e x p e r i e n c e  w i t h  t h e  l a t e s t  p l a n t  
d e v e l o p m e n t s  i n  E u r o p e ,  t a k e s  o v e r  t h e  , s u p e r v i s i o n  on  t h e  p r o j e c t  
r e l a i z a t i o n .  The r e m a i . n i n g  p e r s o n n e l  wou1.d. a.11 be  A m e r i c a n s .  I a 



The d i r e c t i o n  o f  t h e  s t a r t - u p  and  t h e  l o c a l  p e r s o n n e l  t r a i n i n g  
i s  a l s o  r e s e r v e d  t o  s p e c i a l l y  t r a i n e d  p e r s o n n e l  f r o m  S w i t z e r l a n d .  

The t r a i n i n g  o f  t h e  p l a n t  manager  a n d  t h e  s h i f t  s u p e r v i s o r s  
t a k e s  p l a c e  a t  s i m i l a r  p l a n t s  i n  E u r o p e .  We a r e  c o n v i n c e d  t h a t  
i n  t h i s  way we o f f e r  o u r  A m e r i c a n  c l i e n t s  t h e  u t m o s t  d e g r e e  o f  
c e r t a i n t y  t h a . t  o u r  p r o v e n  t e c h n o l o g y  a n d  e x p e r i e n c e  i n  

p l a n t  e n g i n e e r i n g ,  
p l a n t  c o n s t r u c t i o n ,  a n d  
p . l . an t  o p e r a t i  on  

w i  1 1  be  o p t i m a l - l y  t r a n s f e r r e d .  However, ,  t h e  h a r d w a r e  s h a l l  be  
p r o c u r e d  e x . c ~ l u s i v e l y  f r o m  A m e r i c a n  i n d u s t r y .  

B )  S a l e s  a p p r o a c h  

P r e s e n t l y  we c o n f i n e  f o r  t h e  m o s t  p a r t  o u r  a c t i v i t i e s  t o  
p r o j e c t s  s t e m m i n g  f r o m  RFP 's .  The d e v e l o p m e n t  o f  o u r  own p r o -  
j e c t s  f r o m  s c r a t c h  r e q u i ' r e s  t o o . l a r g e  an  i n v e s t m e n t  i n  p e o p l e  
and  i n  p a r t i c u l a r - t i m e .  When i n  d a y s  t o  come..mass b u r n ' i n g  
s y s t e m s  w i l l  h a v e  a c h i e v e d  . a . . b r e a k t h r o u g h  on  t h e  E u r o p e a n  sca le , ,  
t h e  s a l . e s  a p p r o a x h  w i l l  c e r t a i n l y  have  t o  be  c h a n g e d .  The 
ces .s io r i  o f  s y b s y s t e m s  t o  A r c h i t e c t  & E n g i n e e r i n g  a n d  c o n s t r u c t o r s  

' u n d e r  o u r  g e n e r a l  management  i s  r e a l i z a b l e ,  w h e r e b y  we p r e f e r  
t h e '  c o o p e r a t i o n  w.i . th e f f i . c i e n t  c o m p a n i e s  i n  t h e  a r e a  w h e r e  a  
p l a n t  i s  t o  be  c o n s t r u c t e d .  

C )  P r o c u r e m e n t  a p p r o a c h  

The u s u a l  E u r o p e a n  p r a c t i c e '  f o r  t h e  c o n s t r u c t i o n  a n d  
o p e r a t i o n  o f  r e s o u r c e  r e c o v e r y  p l a n t s . i n  t h a t  t h e  s p e c i a l i z e d  
company m a k i n g  t h e  p r o c e s s  e n g i n e e r i n . g  p a r t  a c t s  a s  a  g e n e r a l  

. c o n t r a c ' t o r  who b u i l d s  t h e  p l a n t  on  a  , t u . r n k e y . b a s i s  f o r  t h e  
c . l i e n t .  I n  m o s t  c a s e s ,  h o w e v e r ,  t h e  p l a n t  i s  o p e r a t e d  b y  t h e  
c i t y  o r  t h e  a d m i n i s t r a t i . o n  u n i o n .  I n  F r a n c e  a  l a r g e r  number o f  
p l a n t s  ar.e o p e r a t e d  b y  p r i v a t e  f i r m s  w h i c h  a c t  on  b e h a l f  o f  
p u b l i c  c o r p o r a . t i o n s  l i k e  t h e  c i t y ' s .  u s e r s  u n i o n .  We h a v e  b u i l t  
s e v e r a l  p l a n t s  a c t i n g  a s  t h e  r e s p o n s i b l e  member o f  a  s y n d i c a t e .  
The o t h e r  m e m b e r . ~  were,, f o r  e x a m p l e ,  l o c a l  A r c h i t e c t  and  . 
E n g i n e e r i n g  c o m p a n i e s ,  m a n u f a c t u r e r s  o f  ma'l'n p r o c e s s  c o m p o n e n t s  
( f o r  i n s t a n c e ,  e l e c t r i c i t y  g e n e r a t i n g  i n s t a l  l a t i o n )  ,. o r  t h e  
c i v i l  w o r k s  c o n t r a c t o r .  I n  a n y  c a s e  t h e  o v e r a l l  t e c h n i c a l  
management  a n d  t h e r e f 0 r . e  a l s o  t h e  o v e r a l l  r e s p o n s i b i l i t y  s h o u l d  
r e m a i n  i n  t h e , h a n d s  o f  t h e .  company p r o v i f i i n g  t h e  p r o c e s s  
t e c h n o l o g y .  

1 
The  q u e s t i o n  if t h e  c o n v e n t i o n a l ' A r c h i t e c t  a n d  E n g i n e e r i n g  

c a n ' b e  a p p l i e d  f o r  t h e  c o n s t r u c t i o n  o f  r e f u s e  i n c i n e r a t i o n  
p l a n t s  s h o u l d  be e x a m i n e d  v e r y  c a r e T u l l y  i n  e a c h  p a r t i c u l a r  case. 
R a s i c a l l y  t h e  q u e s t i o n  c o u l d  be  a n s w e r e d  ' i n  t h e  a f f i r m a t i v e ,  

) , r o , v i d e d  t h e  o v e r a l l  r e s p o n s i b i l i t y  f o r .  t h e  p r o c e s s  t e c h n o l o g y  . 
dnd  f i n . a n c i n ' g  a r e  l e g a l  l y . .  sett,!ed. 



The c o n d i t i o n s  f o r  a  s u c c e s s f u l  b u s i n e s s  f o r  a1 1  concerned  a r e : ,  

1 .  a  p e r f e c t l y  f u n c t i o n i n g  p l a n t  

2 .  s e c u r e d  was te  d e l i v e r y  c o n t r a c t s  

3 .  secure 'd  e n e r g y  purchase  c o n t r a c t s  
. . 

4 .  a  competent  and u n i n t e r r u p t e d  p l a n t  o p e r a t i o n  

5 .  compl i a n c e  w i t h  a1 1  env i ronmenta l  r e q u i r e m e n t s  

i f  wi th  t h e s e - f i v e  e l e m e n t s  a  p r o f i t a b l e  b u s i n e s s  can be p roved ,  
i n v e s t o r s  w i l l  a lways be found .  

WIDMER + ERNST g u a r a n t e e s  t h e  c a p a c i t y  and t h e  q u a l i t y  o f  t h e  
p l a n t .  T h i s  i s  o u r  acc-ustomed a c t i v i t y .  

In a d d i t i o n  we a l s o  g l a d l y  o .pe ra t e  t h e  p l a n t  on b e h a l f  of  t h e  
c l i e n t .  I f  a  c a p i t a l  p a r t i c i p a t i o n  o r  a  f u l l  p l a n t  .ownership;  
can be r e a l i z e d  depends on l e g a l  and commercial  c o n d i t i o n s . i n  
each  s p e c i f i c  c a s e .  As businessmen we neve r  would r e f u s e  a  * 

good d e a l ,  knowing, however,  t h a t  p o s s i b l e  s u c c e s s  i s  a lways 
coup led  w i t h  a  c a l c u l a b l e  r i s k .  ( F i g u r e  1 3 ) '  

SUMMARY 

A )  Background 

WIDMER + ERNST, a  Swiss  company and member of t h e  ALUSUISSE . 
. g r o u p ,  has  an o u t s t a n d i n g  t r a c k  r e c o r d  of 1 9  y e a r s  i n  t h e  

env i ronmenta l  p r o t e c t i o n  b u s i n e s s .  

The f i r s t  r e f u s e - t o - e n e r , g y  p l a n t  wi th  e l e c t r i c i t y  produc.tion 
t h a t  we b u i l t  was o p e r a t i o n a l  i n  1 9 7 0  and i s  s i n c e  t h e n  working 
a t  f u l l  c a p a c i t y  and w i t h o u t  i n t e r r u p t i o n .  S u b s e q u e n t l y  we 
r e a l i z e d  a  c o n s i d e r a b l e  number of p l a n t s  a c t i n g  a s  g e n e r a l  
c o n t r a c t o r ,  p a r t l y  a l o n e ,  and p a r t l y  a s  t h e  r . e spons ib le  mernbei- 
of  a  s y n d i c a t e .  

The main m a r k e t s  a r e  a t  t h i s  . t ime Swi tzer . l . and ,  t h e ' f e d e t a l  
Repub l i c  of Germany, Belgium., and - r e c e n t l y  a l s o  t h e  USA. 

k l i t h  s a t i s f a c t i o n  we s t a t e  t h a t  a l l  p l a n t s  we have buil-!; 
u p  t o  now a r e  working t o  t h e  f u l l  s a t i s f a c t i o n s  of  t h e  c l i e n t s ,  
and comply w i t h  t h e  r e q u i r e d  c a p a c i t y  and e m i s s i o n  1 , i m i t s .  

B ) ,  Technology 

'. The new. W.+E s t e p  g r a . t e  w i t h  s i n g l e  d r i v e ,  (.on 3rd g e n e r a -  
t i o n  of g r a t e  d e s i g n )  a s  wel l  a s  t h e  s team b o i l e r  c o n c e p t  wi th  
r a p  e r s  f o r  t h e  t u b e  c l e a n i n  e s  e c i q l l y  develo .  ed F g  lo^ t h e  waste 
e n e  gy p r o c e s s  have made an g n c o e r a g l n g  market  r e a  t rough.  



-  lone i n  Germany t h e r e  a r e  a t  t h e  t i m e  t h r e e  l a r g e  p l a n t s  u n d e r  
c o n s t r u c t i o n  b y  WIDMER + ERNST. 

The e l e c t r o s t a t i c  p r e c i p i t a t o r  p r o v e d  t o  be a  h i g h l y  
e f f i c i e n t  f l u e  gas d e d u s t e r .  A l t h o u g h  t h e y  a r e  up  t o  now r e -  
q u i r e d  o n l y  i n  German, WIDMER + ERNST has a w e a l t h  o f  expe r i ence  
w i t h  t h e  d e s i g n  and c o n s t r u c t i o n  o f  w e t  s c r u b b e r  and t h e i r  
demanding a u x i l i a r y  e l e m e n t s  f o r  t h e  s e p a r a t i o n  o f  t h e  gaseous 
components H C l ,  S O p ,  and F1. 

WIDMER + ERNST b u i l d s  a l s o  p l a n t s  f o r  t h e  c o n v e r s i o n  o f  
c o m b u s t i o n  r e s i d u e s  i n t o  r o a d  b u i l d i n g  m a t e r i a l s .  The Ingo ls tad t  
p l a n t  w i t h  t w o ' c o - d i s p o s a l  u n i t s  f o r  sewage s l u d g e  and s o l i d  
w a s t e  has f i n i s h e d  a  f i v e  y e a r  o p e r a t i o n  phase and can,  t h e r e -  
f o r e ,  be q u a l i f i e d  as a  p r o v e n  and v e r y  economic  p r o c e s s .  

m 
C )  Economics 

The economics  o f  r e c o v e r y  i n  Europe  i s  q u i t e  d i f f e r e n t  f r o m  
t h a t  o f  t h e  U.S. M a r k e t  due t o  p l a n t  o w n e r s h i p ,  o p e r a t i n g  - - p h i l o s o p h y  and a c c o u n t i n g  methods.  

h7 

U.S.  p l a n t s  have two  b a s i c  income s t r e a m s  - t i p p i n g  f e e s  - ,  

and t h e  s a l e  o f  e n e r g y .  T h a t  mus t  c o v e r  t h e  t h r e e  m a j o r  c o s t  
c o n s i d e r a t i o n s  namely  1 )  C a p i t a l  c o s t s  2 )  I n t e r e s t  expense m 

I 
3 )  Annual  o p e r a t i n g  expenses .  

D) M a r k e t i n g  app roach  . =F - 
The Amer i can  c o n t i n e n t  i s  e x c l u s i v e l y  s e r v e d  by o u r  own 

s u b s i d i a r y  company i n  New York ,  WIDMER + ERNST I N C .  The % 

management and t h e  s a l e s  d e p a r t m e n t  a r e  i n  t h e  hands o f  an 
Amer ican  c i t i z e n  w i t h  g r e a t  i n d u s t r i a l  e x p e r i e n c e ,  whereas 
t h e  t e c h n i c a l  management has been c o n f i d e d  t o  an  e x p e r i e n c e d  
e n g i n e e r  f r o m  t h e  p a r e n t  company. 

The b a s i c  e n g i n e e r i n g  f o r  e v e r y  p l a n t  comes f r o m  S w i - t z e r -  
l a n d ,  whereas t h e  p l a n t  d e s i g n  and  t h e  s e l e c t i o n  o f  components 
m a n u f a c t u r e d  by  t h e  Amer ican  i n d u s t r y  i s  done f r o m  New Yo rk .  



Figure 1. Wet scrubbers and f l u e  gas/ f lue gas neat  

exchanger i n tandem Hamburg P.1 ant .  

F igure 2. Stearn/hot water converter.  



II 

Figure 3. Smallest plant with energy recovery 120 TPD (werdenberg Plant). 



Figure 5. Fly ash hoppers of boiler and e lec t ros ta t ic  precipitator. 





LAYOUT 

FOA WIDMER+ERNST RESOURCE 

Figure 7. Residue treatment system. 



, Flue gas extraction from combustion 

chamber (Ingol stadt Plant). 





S E W A G E  SLUDGE PROCESSING 
CRITRRATMRNT m r o ~ r a m  rrrocmsmlnar ORVINO DURNINQ 

Figure 11. Sewage sludge processing. 



Figure 12. Hamburg P l  ant under construction. 
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ABSTRACT ' 

~ n c i n e r a t i o n  i s  t h e  i d e a l  a l t e r n a t i v e  t o  l a n d -  
f i l l i n g  as  t h e  f i n a l  d i s p o s i t i o n  o f  m u n i c i p a l  s o l ' i d  
was te .  I n c i n e r a t i o n  has t h e  a d v a n t a g e s  o f  90% vo lume 
r q d u c t i o n  t o  a  c o m p l e t e l y  o d o r l e s s  i n e r t  p r o d u c t ,  
p o t e n t i a l ' f o r  r e c o v e r y  o f  v a l u a b l e  h e a t  e n e r g y  and 
e x i s t i n g  t e c h n o l o g y  t o  remove d u s t  and  p o l l u t a n t s  
f r o m  t h e  f l u e  gas  t o  meet  t h e  m o s t  s e v e r e  .en .v i ron -  

. . . m e n t a l  . r e q u i r e m e n t s .  SEGHERS E n g i n e e r i n g  , o f  B r u s s e l s , '  
B e l g i u m  owns a p r o v e n  i n c i n e r a t o r  oven  sys tem w h i c h  
- i s  m a r k e t e d  w o r l d  w i d e .  The N o r t h  Amer i can  l i c e n s e e  
i s , . t h e  K a t y - S e g h e r s  I n c i n c o  Systems D i v .  o f  F u l t o n  
I r o n  Works. T h i s  p r e s e n t a t i o n  d e s c r i b e s  th ,e  K a t y -  
Seghers  p r o c e s s  and , i n c l l i d e s  b a c k g r o u n d  i n f o r m a t i o n  
on S E G H E R S  E n g i n e e . r i n g ,  t e c h n o l o g i c a l  d e s c r i p t i o n  
o f '  t h e  sys tem,  o p e r a t i o n ,  economies  and m a r k e t i n g  
p h i l o s o p h y .  

SEGHERS E n g i n e e r i n g  i s  a  g e n e r a l  c o n t r a c t o r  w i t h  t h e i r  
m a i n  a c t i v i t 4 e s  i n  t h e  f i e l d  o f  e c o l o g y  f o r :  

A.  . S o l i d .  w a s t e  h a n d l i n g ,  m a i n l y  mass b u r n i n g  o f  m u n i c i p a l  
s o l  i d  w a s t e  . . 

B .  Sewage t r e a t m e n t  p l a n t s  . . 

S l u d g e  d r y i n g  ' and  i n c i n e r a t i o n  

D. I n d u s t r i a l  w a s t e  w a t e r  t r e a t m e n t  p l a n t s .  



A S  a  g e n e r a l  c o n t r a c t o r  SEGHERS Eng inee r ing  has  been i n -  
vo lved  i n  a l l  t h e  phases  of  a  p r o j e c t :  d e s i g n ,  pu rchase  of 
equ ipmen t ,  c o n s t r u c t i o n ,  e r e c t i o n  and a s s i s t a n c e  i n  o p e r a t i o n  
and mai ,n tenance .  

In m u n i c i p a l -  s o l i d  w a s t e  a  wide v a r i e t y  of sys tems have 
been c o n s t r u c t e d  t o  meet t h e  l o c a l  needs  of both  smal l  and 
l a r g e  communi t ies .  Up t o  t h e  l a t e  6 0 ' s  most f u r n a c e s  were 
n o t  equipped w i t h  h e a t  r e c o v e r y  a p p a r a t u s .  A t t e n t i o n  was 
d i r e c t e d  t o  bu rn ing  was te  w i t h  t h e  aim of s i z e  r e d u c t i o n  and , 

c o n v e r t i n g  a  p o t e n t i a l l y  p o l l u t i n g  was te  i n t o  an i n e r t  s l a g .  
The more r e c e n t  p l a n t s  a r e  a l l  equipped w i t h  a  was te  h e a t  
, b o i l e r  o r  h e a t  exchanger  f o r  d i s t r i c t  h e a t i n g  o r  e l e c t r i c i t y  
p r o d u c t i o n .  The p l a n t  of ~ n t w e r p  u s e s  t h e  h e a t  of  t h e  f l u e  
g a s e s ,  t o  d r y  sewage s l u d g e  which w i l l  u l t i m a t e l y  be used as  
a  f e r t i l i z e r  o r  burned t o g e t h e r  w i t h  t h e  r e f u s e .  

The s i z e  of t h e  p l a n t s  i n  o p e r a t i o n  r a n g e  from 100 t o  
700 T P D  o r  t r a n s l a t e d  i n t o  u n i t  s i z e  of a  s i n g l e  o v e n - l i n e  
from 2 t o  112 TPII, w i t h  no rma l ly  2 o r  3 oven l i n e s  p e r  p l a n t .  
I t  i s . o u r  b e l i e f  t h a t  i n  t h e  n e a r  f u t u r e  t h e , m o s t  economical  
s i z e s  w i l l  r a n g e  from 1 5  t o  2 5  TPH f o r  a  s i n g l e  l i n e .  With 2  
t o  4 oven l i n e s  t h i s  r e s u l t s  i n  a  p l a n t  c a p a c i t y  of 700 t o  

, 2500 T P D .  , I 

As i n d i c a t e d  l a t e r  and e x p l a i n e d  i n  d e t a i l  i n  a s e p a r a t e  
n o t e ,  t h e  un ique  des i ,gn  of  t h e  SEGHERS GRATEbeing composed of 
i d e n t i c a l  e l e m e n t s ,  a l l o w s  f o r  a  wide r ange  i n  u n i t  c a p a c i t i e s  
w i t h o u t  f a c i n g  problems o f '  s c a l i n g - u p  or, s ca l ing -down.  

The m a r k e t i n g  p h i l o s o p h y  of SEGHERS ~ n g i n e e r i n g  has , 

d i c t a t e d  us  t o  f o l l o w  t h e  s p e c i f i c  d e s i r e s  and meeds of t h e  
l o c a l  m u n i c i p a l i t y ;  i n  some i n s t a n c e s .  o n l y  t h e  s u p p l y  and 
t h e  e r e c t i o n  of t h e  equ ipmen t ,was  p r o v i d e d ,  i n  o t h e r  c a s e s  a  
t u r n - k e y  c o n t r a c t  i n c l u d i n g  t h e  d e s i g n  and c i v i l  works was 
i n c l u d e d ;  SEGHERS E n g i n e e r i n g  has  a1 s o  p a r t i c i p a t e d  i'n t h e  
a c t u a l  a p e r a t i o n  and ma in tenance  of t h e  p l a n t s .  

In a l m o s t  a l l . c a s e s  a  c o n t r a c t  was awarded a f t e r  having 
been s e l e c t e d  a s  t h e  most r e s p o n s i v e  b i d d e r  answer ing  a  R . F . P .  

I t  i s  i n t e r e s t i n g  t o  p o i n t  o u t  t h a t  e x t e n s i v e  programs 
a r e  i n  e f f e c t  t o  modify e x i s t i n g  p l a n t s  which do n o t  have 
e n e r g y  r e c o v e r y .  In most  p l a n t s  a  w a s t e '  h e a t  b o i l e r  wsill r e -  
p l a c e  t h e  e x i s t i n g  c o o l i n g  tower  o r  w i l l  be i n s t a l l e d  i n  
pa ra1  1  e l .  

I . . 

The SEGHERS .SYSTEMS a r e  i n  o p e r a t i o n  i n  Belgium, France  
and S w i t z e r l a n d  a s  i n d i c a t e d  i n  t h e  r e f e r e n c e  l i s t .  Market ing 
i n  t h e  U.S.4. and Canada i s  done th rough  a l i c e n s e e  agreement  
w i t h  K A T Y  INDUSTRIES, INC. 



T E C H N O L O G Y  

Every inc ine ra t ion  f a c i l i t y  i s  composed of a number of . 

Individual oven l i n e s .  Each oven-l ine i s  a n  independent ' 

process u n i t  with the  main components being the  feed hopper, . . 

g r a t e ,  s lag  e x t r a c t o r ,  combustion a i r  system, furnace ,  waste 
heat b o i l e r ,  f l u e  gas treatment u n i t  a n d  exhaust f a n .  There 
i s  a common refuse  p i t ,  2 o r  more loading cranes ,  one or two 
common.ash conveyors and a common s t a c k ,  or more f o r ' l a r g e r  
systems. The basic design pr inc- ip le  of the SEGHERS system f o r  
the  furnace - b o i l e r  assembly i s  a physical separa t ion  o f  the  
burning process a n d  the heat 'recovery. 

The water wall tubing i s  never extended i n t o  the  actual  
oven space. The s ide-wal ls  a n d  the c e i l i n g  of the  furnace 
areB r e f r a c t o r y  l i n e d .  Once the h o t  f l u e  gases ( a t  1000°C) a r e  
produced by the combustion of the  refuse  they e n t e r  the f i r s t  
passage of the  waste heat b o i l e r .  This passage i s  "empty", 
t h a t  i s ,  no tubes a r e  i n s t a l l e d  in the center  where they would 
be  encountered by the f l u e  gases .  Only the  s ide-wal ls  a re  
formed by welded f i n  tubes .  This f i r s t  passage o f  the  b o i l e r  
i s  a r a d i a t i o n  chamber which a t  the same time provides enough 
r e t e n t i o n  time f o r  a f t e r -burn ing .  

The main reason f o r  separa t ing  the furnace a n d  the  b o i l e r  
i s  t o  improve the r e l i a b i l i t y  of the  i n s t a l l a t i o n .  

a- explosions can happen (small gas cans,  b u l l e t s ,  e t c . )  
Minor damage. o f  the r e f rac to ry - l ined  wal l s  does n o t  
requir,e a s h u t - d o w n  o f  the oven. 
Repair can be postponed t o  a scheduled maintenance period.  
I f  water tubes a r e  extended i n t o  the  furnace ,  the u n i t '  
must immediately be stopped. i f .  a tube i s  damaged a n d  
r e p a i r  r equ i res  a r a t h e r  long shut-down. 

b- The r e f r a c t o r y  br icks  and l i n i n g  a r e  much l e s s  s e n s i -  
t i v e  t o  wear . t h a n  the r . i the r  t h i n  pro tec t ion  l aye r  
applied a s  a cover f o r  water tubes .  

c-  The com.bustion process i s  s t a b i l i z e d  by the  buffer  
a c t i o n ' o f  the heat s tored  . . in the th ick  r e f r a c t o r y  
wal l s .  

d -  Scaling-up or down I s  much e a s i e r  because the  b o i l e r  
design a n d  coMruct ion  i s  independent of the  furnace 
cons t ruc t ion .  



The SEGHERS G R A T E  has  a  number of un ique  d e s i g n  f e a t u r e s .  
We r e f e r  t o  a  s e p a r a t e  t e c h n i c a l  n o t e  e x p l a i n i n g  a l l  t h e  d e t a i l s ,  
The most i m p o r t a n t  c h a r a c t e r i s t i c s  a r e :  

a -  The e n t i r e  g r a t e  s u r f a c e  i s  formed by a s sembl ing  a  number 
o f  s t a n d a r d  e l e m e n t s .  . . 

b-  Each e l emen t  has  2 rows o f  f i x e d  t i l e s ,  2  rows of h o r i -  
z o n t a l l y  m0vi.n.g t i l e s  and .2 rows of  tumb.ling t i l e s .  
W i t h  t h i s  combina t ion  the .  r e f u s e  l a y e r  i n  combust ion 

. ' i s ' p e r f e c t l y  mixed a n d . d i s e n t a n g l e d .  
c -  The s e q u e n c e  of  t h e  motion of each  e l emen t  can be .  

i n d e p e n d e n t l y  c o n t r o l  1  ed ,  from t h e  d i  s 'patch room. In 
t h i s  way t h e  g r a t e  mot ion  can be matched . to  t h e  v a r i a -  
t i o n  of  t h e  r e f u s e  q u a l i t y .  

. . 
d -  The g r a t e  t i l e s  a r e  made' o f ;  h i g h l y  a l l o y e d  r e f r a c t - o r y .  

s t e e l  w i t h  28% Chromium and 12% N i c k l e .  
e -  The g r . a t e  i t s e l f  ' i s  c o m p l e t e l y  c l o s e d  i n  h o r i z o n t a l  

p r o j e c t i o n .  The a i r  i n l e t  open ings  a r e  a r r a n g e d  i n  
such a  way. i n  t h e  nose  o.f each t i l e  t h a t  n o . f i n e  ma te r -  , 

i a l  can f a J l  t h r o u g h .  G r a t e  s i f t i n g  i s  a l m o s t  non- .. : 
e x i s t e n t .  T h i s  g r a t e  d e s i g n  makes i t  p o s s i b l e  t o  burn 
v e r y  f i n e  m a t e r i a l  such a s  c o a l  and d r i e d  sewage s l u d g e  
wi.t.h r e f u s e .  

The waste ,  h e a t  b o . i l e r  used i n  o u r  p l a n t s  i s  adap ted  t o  t h e  
p a r t i c u l a r  n a t u r e  o f  t h e  f l u e  g a s e s  from r e f u s e  i n c i n e r a t i o n .  
To a'void c o r r o s i o n  a n d . e r o . s i o n  a l l  p r e c a u t i o n s  a r e  t a k e n ,  such 
a s  use  o f  w e l d e d - f i n  t u b e s  t o  form a  g a s - t i g h t  chamber,  u se  of . . 
t h e  p r o p e r  t u b e  s p a c i n g , t o  l i m i t  g a s  v e l o c i t i e s  and av.oid 

, c l o g g i n g ,  a r r a n g e  tub.es  i n  a  n o n - s t a g g e r e d  p a t t e r n ,  l o c a t e  t h e  . : '  
s u p e r h e a t e r  i n  t h e  second o r  t h i r d  p a s s a g e  where f l u e  g a s  
t e m p e r a t u r e s  have dropped t o  an a c c e p t a b l e  low v a l u e ,  u s e  of a  
d e - s u p e r h e a t e r  o r  a t t e m p t a t o r  inbe tween the ,  f i r s t  a n d . s e c o n d  
s u p e r h e a t e r  t o  c l o s e l y  c o n t r o l  t h e  s team t e m p e r a t u r e  and i n  
t h i s  way l i m i t  t h e  metal  s u r f a c e  t e m p e r a t u r e  of  t h e  t u b e s .  

In a d d i t i o n  t o  t h e s e  w i d e l y  a p p l i e d  d e s i g n  r u l e s ,  SEGHERS 
a l s o  r e q u i r e s  t h a t  t h e  b o i l e r  b e  equipped w i t h  both  a  s team 
and a  mud drum w i t h  n a t u r a l  e x t e r n a l  c i r c u l a t i o n .  The. t o t a l  
w a t e r  volume i s  e q u i v a l e n t  t o  a b o u t  2  hours  of s team p r o d u c t i o n .  
These  two f . ea tu ' r e s  s a f e g u a r d  t h e  b o i l e r  from damage i n  c a s e  of 
a  power f a i l u r e .  

In o r d e r  t o  meet t h e  env i ronmenta l  . s t a n d a r d s ,  d i f f e r e n t  
t e c h n i q u e s  can be used depending  upon t h e  l o c a l  . r e q u i r e m e n t s .  
In any c a s e  t h e  f l u e  g a s  p u r i f i c a t i o n  sys tem i s  i n s t a l l e d  a t  
t h e  e x i t  of t h e  b o i l e r  where t e m p e r a t u r e  has  been reduced  t o  
a  l e v e l  of 220-2800C. No a t t e m p t  i s  .made t o  i n j e c t  chemi .ca ls  
. in  t h e  ' f u r n a c e  o r  b o i l e r .  



The p a r t i c u l a t e  m a t t e r  l o a d  i s  r e d u c e d  w i t h  e f f i c i e n c i e s  o f  
37% t o  99% w i t h  t h e  u s e  o f  . . e l e c t r o s t a t i c  p r e c i p i t a t o r s .  

As d e s i g n e r  and c o n t r a c ' t o r ,  S E G H E R S  i s  w e l l  aware  o f  t h e  
i n c r e a s i n g  a t t e n t i o n  wh.ich i s  g i v e n  t o  t h e  c h l o r i d e  and  s u l f u r  
componen ts  i n  t h e  f l u e  g a s e s .  A w e t  s c r u b b e r  as commonly u s e d  
i s  c e r t a i n l y  n o t ,  t h e  b e s t  s o l u t i o n  t o  t h i s  p r o b l e m  m a i n l y  b e -  
c a u s e  o f  p ro 'b lems  w i t h  c o r r o s i o n ,  c l o g g i n g  and  w a t e r  p o l l u t i o n .  
T h e r e f o r e  S E G H E R S  t o g e t h e r  w i t h  t h e  U n i v e r s i t y  o f  L o u v a i n  has  
p e r f o r m e d  a n  e x t e n s i v e  r e s e a r c h e d .  and p i l o t  w o r k  t o  d e v e l o p  a  
" d r y  ' s c r u b b e r "  . u n i t .  The f i r s t  r e s u l t s  i n d i c a t e  t h a t  e f f i -  
c i . e n c y  i n  r e m o v a l  o f  90% c h l o r i d e s ,  7 0 %  s u l f u r ,  d i o x y d e  and more  
tham 90% f o r  , f l . u o r i d e s  c a n  be  o b t a i n e d .  

As a l r e a d y  i n d i c a t e d  a b o v e  t h e  S E G H E R S  g r a t e  i s  p a r t i c u l a r -  
l y  w e l l  a d a p t e d  t o  b u r n i n g  p r e - d r i e d  s l u ' d g e  t o g e t h e r  w i t h  r e f u s e .  
The p l a n t  o f  A n t w e r p , h a s  2 o v e n - l i ' n e s  r a t e d  a t  1 0  TPH e a c h .  
The h e a t  c o n t a i n e d  i n  t h e  f l u e  g a s e s  i s  p a r t i a l l y  r e c o v e r e d  i n  
a  h e a t  e x c h a n g e r  w i ' t h  t h e r m a l  . o i l .  The t h e r m a l  o i l  f l o w s  i n  a  
c l o s e d  c i r c u i t  and i s  u s e d  t o  d r y  t h e  s l u d g e .  The s l u d g e  d r i e r  
d e s i g n  i s  s i m i l a r  t o  a  m u l t i p l e  h e a r t h  i n c i n e r a t o r ,  - b u t  i s  made 
c o m p l e t e l y  o f  m e t a l  and n o  c o m b u s t i o n  t a k e s  p l a c e .  Each h e a r t h .  
i s  j a c k e t e d  a n d  h e a t e d  b y  t h e  t h e r m a l  o i l .  The u s e  o f  an  i n t e r -  
m e d i a t e  f l u i d . a l l o w s  f o r  a  s e t - u p  whe're t h e  e n e r g y  o f  t h e  f l u e  
g a s e s  i s  u s e d  to d r y  s l u d g e  w i t h o u t  b r i n g i n g  t h e  f l u e  g a s e s  i n  
d i r e c t  c o n t a c t  w i t h . t h e  s l u d g e .  I n  t h i s  way a l l  o d o r s  a r e  
a v o i d e d  and  no f l u e  g a s e s  m u s t  be  r e c i r c u l a t e d  t o  t h e . f u r n a c e . ,  
I t  i s  o f  i n t e r e s t  t o  n o t e  t h a t  t w o  k i n d s  o f  s l u d g e s  a r e  p r o -  

. cessed . .  F i r s t ,  t h e  s l u d g e , f r o m  t h e  t h i c k e n e r s  o f  t h e  sewage . . 
t r e a t m e n t  on  t h e  same s i t e  a s  t h e  i n c i n e r a t i o n  p l a n t  w h i c h  i s  
m e c h a n i c a l l y  d e w a t e r e d  i n  c e n t r i f u g e s  and  t h e n  d r i e d .  S e c o n d l y ,  
t h e  s l u d g e  f i l t e r  c a k e s  o f  6 o t h e r  sewage t r e a t m e n t  p l a n t s  i n '  ;-. 

t h e  a r e a  a r e  b r o u g h t  t o  t h e  i n c i n e r a t i o n  p , l a n t  b y  t r u c k  and 
h a n d l e d  i n  much t h e  same way. F o r  a  c o m p l e t e  d e s c r i p t i o n  o f  t h e  
A n t w e r p  p l a n t  w e . r e f e r  t o  a  s e p a r a t e  t e c h n i c a l  n o t e .  

OPERATION. 

. T h e  n o r m a l  o p e r a t i o n  s c h e d u l e  o f  a n  i n c i n e r a t i o n  p l a n t  i s  
2 4  H P D  7  d a y s  p e r  week. F o r  s m a l l e r  u n i t s  w i t h o u t  h e a t  r e c o v e r y ,  
a  s h u t d o w n  o v e r n i g h t  o r  o n  t h e  weekends h a s  been  common p r a c t i c e  
f o r  a l o n g  t i m e .  A1 t h o ~ ~ g ' h  t h i s  p r a c t i c e  c e r t a i n l y  doe's somewhat 
d e c r e a s e  t h e  l i f e  o f  t h e  r e f r a c t o r y ,  t h e  p r o c e d u r e  i s  a c c e p t a b l e .  
The h e a t  c o n t a i n e d  i n  t h e  w a l l s  i s  . s u f f i c i e n t l y  h i g h  t o  kee'p t h e '  

' t e m p e r a t u r e  . i n ' t h e  o v e n  a t  a  h i g h  l e v e l .  A f t e r  a  s h u t d o w n  o f  : 
t w o  d a y s ,  u s u a l l y  s p o n t a n e o u s  i g n i t i o r i  o f  newl 'y '  i n t r o d u c e d  r e -  
f u s e  t a k e s  p1ac .e . .  

The min imum p e r s o n n e l  p e r  s h i f t  r e q u i r e d  f o r  a  medium 
' s i z e d  p l a n t  i s  3.. o n e  c r a n e  o p e r a t o r ,  o n e  o v e n  o p e r a t o r ,  i n  t h e .  

i s p a t c h  room,  and  o n e  m e c h a n i c  f o r  i n s p e c t i o r 1  o f  t h e  p l a n t  i n -  
mside . F o r .  l a r g e r  p l a n t s  w i t h  a  c o m p l e x  l a y - o u t ,  t h e  p r e s e n c e  o f  

a  s e c o n d  m e c h a n i c  i s  a d v j s a b l e .  



I t  i s  i m p o r t a n t  t h a t  t h e  c r a n e  o p e r a t o r  be l o c a t e d .  i n  t h e  
d i s p a t c h  room. This ' imp. r .oves  t h e  working r e l a t i o n s h i p  and 
br in.gs  , i n t o  p e r s p e c t i v e  t h e  i m p o r t a n t  r o l e  of t h e  c r a n e  o p e r a -  

.( 
t o r  i n  mixing  t h e  r e f u s e  and " p r e p a r i n g "  t h e  f u e l .  

' A d a y t i m e  crew of  mechanics  and e l e c t r i c i a n s  should  be 
a v a i l a b l e  f o r  d a i l y  ma in tenance  and r e p a i r .  I t  i s  v e r y  im- . ' 

p o r t a n t  t h a t  t h e  pe r sonne l  has  a  broad s k i l l  and e x p e r i e n c e  s o  
t h a t  job  r o t a t i o n  can be a p p l i e d .  

In t h e  ma in tenance  s c h e d u l e ,  much a t t e n t i o n  i s  devo ted  t o  
p r e v e n t i v e  ma in tenance  and minor  r e p a i r . '  The f o l l o w i n g  example 
i l l u s t r a t e s  th - i s  p r i n c i p l e .  Every two o r  t h r e e  y e a r s ,  a l l  g r a t e  . 
t i . 1 . e ~  .a . re  removed f o r  i n s p e c t i o n  of both  t h e  t i . l e s  and t h e  sub-  
s t r u c t u r e .  A t  t h a t  t i m e ,  t h e  t i l e s  from t h e  midd le  of t h e  g r a t e  
s u r f a c e  can be r e d i s t r i b u t e d  o v e r  t h e  " c o o l e r "  p a r t  of t h e  g r a t e  
namely, t h e  i n l e t  and o u t l e t .  

SEGHERS E n g i n e e r i n g  has  always k e p t  a  c l o s e  c o n t a c t  and a  
c o o p e r a t i v e  s p i r i t  w i t h  t h e  o p e r a t i o n  management of t h e  i n c i n -  
e r a t o r s  t h e y . d e s i g n e d  and b u i l t .  A common ph i losophy  and ex-  
c e l l e n t  feed- .back has been t h e  r e s u l t .  I t  i s  bo th  SEGHERS' and ' 

t h e  o p e r a t o r ' s  c o n v i c t i o n  t h a t  more a t t e n t i o n  shou ld  be devoted  
t o  t h e  " e f f e c t i v e n e s s "  of a  p l a n t  r a t h e r  t h a n  t o  t h e  p l a i n  , 

" e f f i c i e n c y " .  By e f f e c t i v e n e s s ,  we mean t h e  p r o d u c t  of  e f f i -  
' c i e n c y  and r e l i a b i l i t y ,  t h e  sum of  f a c t o r s  . l i k e  a v a i l a b i l i t y ,  
e a s e  of m a i n t e n a n c e ,  redundancy of  c,ommon components and p r o p e r  
u t i l i z a t i o n  of  equipment .  In many c a s e s ,  s o p h i s t i c a t e d  e q u i p -  
ment was p u r p o s e l y  . o m i t t e d . . t o  s i m p l i f y  t h e  contro.1 and main- 
t e n a n c e  even i f  a  f r a c t i o n  of t h e  e f f i c i e n c y  was s a c r i f i c e d ,  . 
b u t .  t h e  t o t a l  e f f e c t i v e n e s s  has  a lways  been improved,  In ,... ., 

, p a r t i c u l a r ,  much a t t e n t i o n  has been devo ted  t o  a l l  t h e  - a u x i l -  . .  
i a r y  equipment  both  i n  , d e s i g n  and o p e r a t i o n .  Ex.perience has 
shown t h a t  t h e  o v e n - b o i l e r  assembly  r a r e l y  c a u s e s  . f r e q u e n t  o r  
fundamenta l  problems.  Most unscheduled  s t o p s  a r e  due t o  v a l v e s , , .  

. c o n v e y o r s ,  c r a n e s ,  and o t h e r  a u x i l i a r y  equipment .  

ECONOMI'CS 

I t  i s  e x t r e m e l y  d . , i f f i c u l t  t o  compare t h e  t o t a l  c o s t  f o r  
c o n s t r u c t i o n  and o p e r a ' t i o n  on a  d o l l a r s  p e r  t o n  b a s i s  f o r  
d i f f e r e n t  e x i s t i n g  p l a n t s .  A g r e a t  number of f a c t o r s  have t o  
be c o n s i d e r e d  and o f f i c i a l s  o r  p l a n t  o p e r a t o r s  a r e  n o t  a lways 
a b l e  t o  g i v e  t h e  e x a c t  f i g u r e s  because  sometimes t h e  d a t a  i s  
c l a s s i f i e d  o r  n o t  even r e c o r d e d .  

The a c t u a l  c o s t  depends  on a l l  such  e l e m e n t s  a s :  

- y e a r  of  f i n a n c i n g  
- t y p e  o f ' p u r c h a s e  c o n t r a c t ,  t u r n - k e y ,  f u l l  s e r v i c e  o r  

c o n s t r u c t i o n  -,a 
- f i x e d  p r i c e  c o n t r a c t  o r  c o n t r a c t  w i t h  p r i c e  e s c a l a t i o n  



fo rmula  
- payment .form 

- g r a n t s  a l lowed by f e d e r a l  a g e n c i e s  

- c o n s t r u c t i o n  p e r i o d  

- exchange r a t e  
- i n t e r e ' s t  r a t e  

- income from se l1 in .g  s team o r  e l e c t r i c i t y  

- redundancy r e q u i r e d  

- .  l u x u r y  i n  b u i l d i n g  

- a i r  qua1 i  t y  re .qui . rements  

- number of o p e r a t i o n  p e r s o n n e l ,  a s  a . f f e c t e d  by l o c a l  
union r u l e s  o r  laws .  

- a c t u a l  was te  a v a i l a b l e  w i t h  r e s p e c t  t o  d e s i g n  c a p a c i t y  
of  p l a n t .  

As a  thumb r u l e  t h e  f o l l o w i n g  f i g u r e s  cou ld  be a p p l i e d  f o r  
p l a n t s  p r o c e s s i n g  1000 t o  2000 T P D :  

- C o n s t r u c t i o n  c o s t  = $50 ,000 .00 / ton  

- T o t a l  n e t  o p e r a t i o n  c o s t  = $10-$20 / ton .  

MARKETING PHILOSOPHY 4 
. . . .  . 

Katy I n d u s t r i e s ,  t h rough  t h e i r  s u b s i d i a r y ,  t h e  Fu l ton  1r.on 
Works Company of  S t .  L'ouis,  Mo., has  a n , e x c l u s i v e  l i c e n s e  a g r e e -  
ment w i t h  .SEGHERS Eng inee r ing  of B r u s s e l s ,  Belgium t o  manu- 
f a c , t u r e ,  u s e ,  market  and e r e c t  t h e  SEGHERS-CEC Domestic Waste 
I n c i n e r a t i o n  System i n  t h e  Uni ted  S t a t e s ,  Canada ( e x c e p t  Quebec) .  
and c e r t a i n  c o u n t r i e s  i n  t h e  Middle E a s t .  The o p e r a t i n g  com- 
pany i s  c a l l e d  Katy-Seghers  I n c i n c o  Div. of t h e  F u l t o n  I r o n  
Works Company. 

Katy-Seghers  w i l l  d e s i g n ,  f u r n i s h  and i n s t a l  1  i n c i n e r a t o r  
sys t ems  p e r  a  c o n s u l t i n g -  e n g i n e e r ' s  b a s i c  p r o j e c t  d e s i g n ,  o r  
we w i l l  p r o v i d e  t u r n - k e y  d e s i g n  and c o n s t r u c t i o n  f o r  t h e  com- 
p l e t e  sys tem p e r  c o n s u l t a n t ' s  g u i d e l i n e s  on q u a n t i t y  of w a s t e ,  
B t u  c o n t e n t ,  . e t c .  O n  t u rn -key ,  p r o j e c t s ,  we w i l l . d e s i g n  a n d  
f u r n i s h  a l l  equ ipmen t ,  e r e c t  t h e  comple te  f a c i l i t y  and p r o v i d e  
f i n a l  t e s t i n g '  s t a r t - u p .  and o p e r a t i n g  i n s t r u c t i o n s .  A1 s o ,  
Katy-Seghers  would o p e r a t e  t h e i r  syst:em under  c o n t r a c t  i f  r e -  
q u i r e d ,  or , .would  p r o v i d e  comple te  f u l l  s e r v i c e  d e s i g n - b u i l d -  
o p e r a t e ,  sys t ems  f o r  r e s p o n s i b l e  p a r t i e s .  . K a t y - S e g h e r s  w i l l  . 
assume f u l l  r e s p o n s i b j l i t y  f o r  . t he  f a c i l i t y  per formance  w i t h  , 
t h e  c o n s u l t a n t  providi 'ng b a s i c . g u i d e l i n e s  on q u a n t i t y  and 

m u a l i t y  of  w a s t e . ,  



C o n s t r u c t i o n  and e r e c t i o n  i s  by Katy-Seghers  I n c i n c o  Div. 
under  t h e  d i r e c t i o n  of o u r  Katy-Seghers  P r o j e c t  Manager. Con- 
s t r u c t i o n  s u p e r v i s i o n  w i l l  i n c l u d e  our  c o n s t r u c t i o n  c o n t r a c t -  
o r ' s  P r o j e c t  Manager and E n g i n e e r ,  a  Katy-Seghers  P r o j e c t  E n -  
g i n e e r  and a  SEGHERS E r e c t i o n  Super i -n t enden t  w i t h  such o t h e r  
s t a f f  and e n g i n e e r s  a s  may be r e q u i r e d  on a  p a r t i c u l a r  p r o j e c t .  
SEGHERS-CEC p r o j e c t  e n g i n e e r s  and t e c h n i c i a n s  w i l l  p r o v i d e  
f i n a l  p l a n t  i n s p e c t i o n s ,  i n i t i a l  s t a r t - u p  and i n s t r u c t  o p e r a t i n g  
p e r s o n n e l .  

Katy-Seghers  p r e f e r s  t o  p r o v i d e  t h e  comple te  s y s t e m ,  p e r  
b a s i c  g u i d e l i n e s  of  t h e  municipa.1 consu1, tant  who has' r e s e a r c h e d  
t h e  c i t y  r e q u i r e m e n t s  and has c o n t r a c t e d  f o r  t h e  s o l i d  was te  
sup.ply and e n e r g y  u s e r s .  T h i s  i s  t h e  t y p i c a l  r e q u e s t  f o r  pro-  
posa"l r o u t e ,  which i s  o u r  ,most  common a p p r o a c h .  

SEGHERS E n g i n e e r i n g  p r o v i d e s  t e c h n i c a l  s p e c i f i c a t i o n s ,  
e n g i n e e r i n g  d r a w i n g s ,  and e r e c t i o n  s u p e r v i s i o n .  All  d e s i g n  
work on t h e  i n c i n e r p t o r  equipment  and a c c e s s o r i e s  i s  by SEGHERS 
E n g i n e e r i n g .  M o d i f i c a t i o n s  t o  conform t o  f e d e r a l ,  s t a t e  o r  
l o c a l  r e q u i r e m e n t s  o r  o r d i n a n c e s  a r e  by Katy-Seghers  w i t h  f i n a l  ' . .  
d e s i g n  a p p r o v a l  by SEGHERS E n g i n e e r i n g .  The h e a t  r e c o v e r y  
b o i l e r  employed i s '  a  SEGHERS E n g i n e e r i n g  d e s i g n ,  developed a f t e r  
e x h a u s t i v e  s t u d i e s  and o p e r a t i o n a l  r e v i e w s .  I t  meets  t h e  most 
modern r e q u i r e m e n t s  f o r  r e l i a b i l i t y  and c o r r o s i o n  p r o t e c t i o n .  
Des igns  f o r  t h e  b u i l d i n g  and s e r v i c e s  (power ,  w a t e r ,  H V A C ,  e t c . )  
and a sh  h a n d l i n g  o u t s i d . e , t h e  b u i l d i n g  a r e  by Katy-Seghers .  

SEGHERS-CEC w i l l  p r o v i d e  t h e  oven g r a t e s  from ~ e i g i u m .  The 
s u p p l y . o f  t h e  oven g r a t e s  from t h e  s o u r c e s  now u t i l i z e d  w i l l  
p e r m i t  a s s u r a n c e  o f ' t h e  m e t a l l u r g y  t h a t  i s  so v i t a l  f o r  lqng  
wear and e l i m i n a t i o n  o f ' b r e a k a g e .  All  o t h e r  equipment  and 
a c c e s s o r i e s ,  i n c l u d i n g  t h e  t r a v e l l i n g  c r a n e  and c l aw,  f e e d  hop- 
p e r s ,  combust ion  a i r  s y s t e m s ,  s l a g  removal equ ipmen t ,  h e a t  r e -  

- c o v e r y  b o i l e r s ,  and e l e c t r o s t a t i c  p , r e c i p i t a t o r s  w i l l  be of 
American s u p p l y  and m a n u f a c t u r e .  . .  

Katy-Seghers  i s  a  n a t i o n w i d e  company. Our Washington 
r e p r e s e n t a t i v e  i s  c o n t a c t e d  f i r s t  'on any proposed  p r o j e c t  t o  
s t u d y  b id  r e q u i r e m e n t s ,  e m i s s i o n  s t a n d a r d s ,  and o t h e r  i t e m s  
p e c u l i a r  t o  a  p a r t i c u l a r  l o c a t i o n .  Our c o n s t r u c t i o n  c o n t r a c t -  
o r s  have done c o n s t r u c t i o n  work i,n e v e r y  s t a t e  and Katy I n -  
d u s t r i e s "  many s u b s i d i a r i e s  ope ra . t e  everywhere  i n  t h e  U ' . S .  

Katy-Seghers  s h a l l  c o n s i d e r  p a r t i a l  ownership  and o p e r a t i o n  
of t h e  d o m e s t i c  w a s t e  t o  e n e r g y  p l a n t s  under  c o n t r a c t .  Under 
such  a  p l a n ,  Katy-Seghers  would e n t e r  i n t o  p a r t n e r s h i p  agreement  
w i t h  t h e  c i t y  ,or coun ty  and f u n c t i o n . , a s  a  m i n o r i t y  owner.  
Katy-Seghers  w i l l ,  i f  r e q u i r e d ,  e n t e r  i n t o  e q u i t y  ag reemen t s  
where in  t h e  p r o j e c t  i s  f i n a n c e d  by r evenue  bonds.  ' In t h i s  
a r r a n g e m e n t ,  we would r e q u e s t  o p e r a t i o n a l  c o n t r o l  .of t h e  sys tem.  

, The d o m e s t i c  wa'ste' p l a n t s  t h a t  Katy-Seghers  d e s i g n s  and a 



) u i l d s  a r e  c o m p l e t e l y  g u a r a n t e e d  by Katy-Seghers ,  i n c l u d i n g  
c a p a c i t y ,  b u r n - o u t ,  s team q u a l i t y  and q u a n t i t y ,  and e m i s s i o n s  
g u a r a n t e e s .  All  m a t e r i a l  SEGHERS Eng inee r ing  f u r n i s h e s  i s  
g u a r a n t e e d  a g a i n s t  m a n u f a c t u r i n g  d e f e c t s  and c o n s t r u c t i o n  and 
e r e c t i o n  i s  g u a r a n t e e d  t o  be f r e e  of e r r o r s  under  t h e i r  normal 
w a r r a n t y  p e r i o d .  C a p a c i t i e s ,  p e r c e n t  carbon i n  a sh  and emis-  
s i o n s  a r e  g u a r a n t e e d  w i t h i n  c e r t a i n  p a r a m e t e r s .  

SUMMARY 

Katy I n d u s t r i e s ,  I n c .  i s  l i s t e d  on t h e  New York Stock  
Exchange, a  company of d i v e r s i f i e d  h o l d i n g s  which c o n c e n t r a t e s  
i t s  a c t i v i t i e s  w i t h i n  f o u r ' b a s i c  o p e r a t i n g  g r o u p s :  The I n -  
d u s t r i a l  Equipment Group, which i ~ c q u d e s  Fu l ton  I r o n  W o r k s , . i s  
t h e  l a r g e s t .  Fu l ton  has a  long  h i s t o r y  of s e r v i c e  t o  i n d u s t r y  
d a t i n g  back t o  1852. Our s u g a r  mi'll equipment ,  p r e s s e s  and 
bor ing  b a r s  have ach ieved  a  world-wide r e p u t a t i o n  f o r  dependa-  
b i l i t y .  Our e x p e r i e n c e  i n  comple te  s u g a r  f a c t o r y  d e s i g n  and 
c o n s t r u c t i o n  may be of i n t e r e s t  t o  you s i n c e  t h e  s u g a r  f a c t o r y  
i s  a  c i t y  i n - i t s e l f .  All  e l e c t r i c a l  power i s  g e n e r a t e d  th rough  
t h e  burning  of bagasse  ( t h e  remain ing  p o r t i o n  of t h e  s u g a r  cane  
a f t e r  g r i n d i n g )  and such power h a n d l e s  a l l  t h e  r e q u i r e m e n t s  f o r  
f a c t o r y  and pe r sonne l  l i v i n g  f u n c t i o n s .  The burning  of  bagasse  
i s  performed i n  a  s e r i e s  of l a r g e  f i e l d - e r e c t e d  b o i l e r s .  

SEGHERS Eng inee r ing  i s  a  d e s i g n / c o n s t r u c t i o n  f i r m  s p e c i a l -  
i z i n g  i n  t u r n - k e y  p r o j e c t s  f o r  government and i n d u s t r y  w i t h  o v e r  
40 y e a r s  domes t i c  was te  i n c - i n e r a t i o n  e x p e r i e n c e .  SEGHERS de-  
s i g n s  and b u i l d s  comple te  mun ic ipa l  i n c i n e r a t o r  sys t ems  u s i n g  . 
t h e  C a r b o n i z a t i o n  E n t e r p r i s e  e t  Ceramique ( C E C )  G r a t e  System. . . . . 
S i n c e  t h e  mid-19601,s ,  most of  t h e s e  p l a n t s  have i n c l u d e d  h e a t  . .  

r e c o v e r y  b o i l e r  sys tems of SEGHERS' own d e s i g n .  R e c e n t l y ,  
SEGHERS has deve-loped a  p r o c e s s  f o r  d r y i n g  sewage s l u d g e  w i t h  
t h e  "was te"  h e a t  from m u n i c i p a l  was te  i n c i n e r a t i o n .  We can 
p o i n t  t o  a  s p e c i f i c  p l a n t  t h a t  i s  j u s t  be ing  commissioned n e a r  
Antwerp, Belgium t h a t  u t i l i z e s  t h i s  new t e c h n o l o g y .  We welcome 
your  v i s i t  t o  t h i s  new i n s t a l l a t i o n .  

' K a t y - S e g h e r s  and SEGHERS Eng inee r ing  c o n t i n u e  t o  grow and . 

expand because  t h e y  a r e  always improving on e x i s t i n g  p r o c e s s e s ,  
c r e a t i n g  i n n o v a t i v e  and i n g e n i o u s  new s o l u t i o n s  t o  o l d  problems,  
p a r t i c u l . a r l y  f o r .  t h e  envi ronment  and e c o l o g y .  

The SCGHERS-CEC G r a t a  i s  t h e  s e c r e t  o f  s u c c e s s f u l ,  eco -  
nomical o p e r a t i o n .  O the r  sys t ems  may be lower  i n  i n i t i a l  c o s t  
b u t  o u r  sys t ems  have ach ieved  an e x c e l l e n t  r e p u t a t i o n  f o r  low 
o p e r a t i n g  and main tenance  c o s t s .  An e q u a l l y  i m p o r t a n t  f a c t o r  
. in  h igh  o p e r a t i n g  e f f i c i e n c i e s  and low c o s t s  i s  t h e  S E G H E R S  h e a t  
r e c o v e r y  b o i l e r .  T h i s  b o i l e r  i s  s p e c i a l l y  d e s i g n e d  by SEGHERS 
f o r  use  w i t h  t h e  c n r r o s i v e  and high  a sh  f l u e  g a s  of mun ic ipa l  

m a s t , .  



T o d a y ' s  i n c i n e r a t o r  i s  t h e  r e s u l t '  o f  y e a r s  o f  e x p e r i e n c e  
a n d  d e s i g n  i m p r o v e m e n t s ,  a  p e r f e c t  b a l a n c e  o f  c o m p e t i t i v e  f i r s t  
c o s t ,  h i g h  e f f i c i e n c y ,  s a f e t y  a n d  l o w  o p e r a t i n g  and  m a i n t e n a n c e  
c o s t s .  

E v e r y  t o n  o f  m u n i c i p a l  w a s t e  has  t h e  e q u i v a l e n t  h e a t  v a l u e  
o f  o v e r  a  b a r r e l  o f  o i l .  Mass b u r n i n g  w i t h  l i t t l e  h a n d l i n g ,  n o  

. p r e - s o r t i n g ,  and w i t h  h e a t  r e c o v e r y  i s  t h e  m o s t  e f f e c t i v e ,  e f f i -  
. c i e n t  and  e c o n o m i c a l  m e t h o d  o.f u t i l i z i n g  t h i s  v a l u a b l e  r e s o u r c e .  

Was-te v o l u m e  i s  r e d u c e d  b y  90% 0.r more ,  l o w e r i n g  t r a n s p o r t a t i o n  
. c o s t s  a n d  s a v i n g  l a n d f i l l  s p a c e .  I f  f e r r o u s  m e t a l s ,  a l u m i n u m  
and  a s h  s e p a r a t e  b y  a  s i e v e  sys t 'em a r e  r e c o v e r e d ,  t h e  t o t a l  
v o l u m e  r e d u c t i o n  c a n  be  98 -99% w i t h  o n l y  1 - 2 %  o f  t h e  o r i g i n a l  
w a s t e  e n d i n g  up i n  t h e  l a n d f i l l .  The r e c o v e r e d  h e a t ' i s  s o l d  a s  
s team,  h o t  w a t e r  o r  e l e c t r i c i t y  f u r t h e r  a d d i n g  t o  t h e  e c o n o m i c  
. f e a s ! b i l i t y .  S o u r c e  s e p a r a t i o n  o f  p a p e r  and  a l u m i n u m  and m a g - ,  
n e t i c  s e p a r a t i o n  o f  f e r r o u s  m a t e r i a l  f r o m  a s h  may be u t i l i z e d  
w i t h  o u r . ' m a s s  b u r n i n g  s y s t e m .  The e c o n o m i c s  o f  r e c o v e r i n g  f e r -  
r o u s  m e t a l s , a l u m i n u m  and  a s h  depend  o n  t h e  m a r k e t  p o t e n t i a l  and  
o f t e n  r e c o v e r e d  m a t e r i a l s  a r e  n o t f w o r t h  t h e  c o s t  o f  a d d i t i o n a l  
r e c o v e r y  e q u i p m e n t .  

  very e f f o r t  m u s t  be made t o  a c q u a i n t  t h e  v a r i o u s  communi-  .. 

t i e s  and a . g e n c i e s  r e s p o n s i b l e  f o r  w a s t e  d i s p o s a l  w i t h  t h i s  t i m e -  
p r o v e n  c . o n c e p t .  C o n s u l t a n t s  m u s t  be made a w a r e  o f  t h e  e c o n o m i -  
c a l  and e c o l o g i c a l  a d v a n t a g e s  o f  mass b u r n i n g .  . G o v e r n m e n t  and 
t h e  g e n e r a l  pub1 i c  m u s t  be  i n f o r m e d '  o f  t h i s  a1 t e r n a t i v e  t o  ' l a n d -  . 

f i l l i n g  w a s t e  and i m p o r t i n g  o i l  f o r  f u e l . .  Our K a t y - S e g h e r s  
. m a r k e t i n g  e f f o r t s  a r e  d i r e c , t e d  t o  j u s t  s u c h  g o a l s .  T h r o u g h  

d i r e c t  m a i l ,  a d v e r t i s e m e n t s  and  t h e  s a l e s  e f f o r t s  o f  o u r  r e p r e -  
s e n t a t i v e s ,  we a r e  d o i n g  o u r  b e s t  t o  l e t  e v e r y o n e  know a b o u t  
t h i s  s o l u t i o n  t o  t h e  p r o b l e m  o f  s o l i d  w a s t e  management.  

Mass b u r n i n g  i n  a  ~ a t y - ~ e g h e r s  i n c i n e r a t o r  i s  t h e  i d e a l  
l a s t  s t a g e  . i n  t h e  c o n s u m p t i o n  c i r c u i t :  

1 .  T h e . e n d  p r o d u c t  i s  a  s o l i d ,  o d o r l e s s ,  e n t i r e . l y  i n e r t '  
s m a l l  v o l u m e  ( 1 0 % )  m a t e r i a l  s u i t a b l e  f o r  c o n s t r u c t i o n  
f i l l .  

2'. The t h e r m a l  e n e r g y  r e s u l t i n g  f r o m  i n c i n e r a t i o n  can' b e  
e c o n o m i c a l l y  c o n v e r t e d  i n t o  s t e a m  f o r  h e a t i n g ,  p r o -  
d u c t i o n  o f  e l e c t r i c i t y  o r  h o t  w a t e r  o r  o t h e r  p r o c e s s  
u s e s .  

3 .  F l u e  g a s e s  c a n  be  a d e q u a t e l y  f r e e d  o f  d u s t  and  chem- 
i c a l l y  p u r i f i e d  t o  m e e t  t h e  h i g h e s t  e n v i r o n m e n t a l  
r e q u i r e m e n t s .  , .  : 

We. t h a n k  y o u  f o r  y o u r  t i m e  and  a t t e n t i o n - .  We a p p r e - c i a t e  
t h e  o p p o r t u n i t y  t o  be  o f  s e r v i c e  and  we i n v i t e  y o u r  q u e s t i o n s .  
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ABSTRACT 

A problem common t o  a1 1. t he  developed na t ions  o f  the  
wor ld  has been the  d isposal  of s o l i d  waste m a t e r i a l s  i n  an 
env i ronmenta l l y  acceptable manner. The problem has been 
recognized and addressed i n  d i f f e r e n t  p a r t s  of t h e  world, 
a t  d i f f e r e n t  t imes, c h i . e f l y  f rom a growing awareness o f  the  
environment and the  c o n s t r a i n t s  o f  unava i lab le  o r  unusable 
1 and, areas f o r  convent ional  l and f  i 11 d isposal .  These condi - 
t i o n s  were f i r s t  manifested i n  Europe; and European indus- 
t r i e s  responded t o  the  waste d isposal  problem by  su,ccessful l y  
developing.and implementing, on a l a rge  scale, t he  technology 
g e n e r i c a l l y  c a l l e d  mass burning-energy recovery technology. 

One o f  the  leaders i n  t he  development o f  mass burn ing  technology 
i s  VKW ' (Vere in igte Kesselwerke AG) o f  Duesseldorf, West Germany. As a 
s u b s i d i a r y  o f  Deutche Babcock AG, VKW' s business encompasses the  areas 
o f  designing, manufactur ing and b u i l d i n g  water and wastewater treatment 

. f a c i l i t i e s ,  s l u d g e  hand l ing  f a c i l i t i e s ,  r e s i d e n t i a l ,  commercial and 
i n d u s t r i a l  so l  i d  waste i n c i n e r a t i o n  f a c i l i t i e s  and i n  cooperat ion w i th '  
Babcock-BSH, a i r  and gas c lean ing  f a c i l i t i e s .  These a c t i v i t i e s  are 
complimentary t o  o ther  Deutsche Babcock a c t i v i t i e s  i n  a l l  facets o f  
engineer ing,  manufactur ing and cons t ruc t i on  o f  f a c i l i t i e s  fo r  such 
i n d u s t r i e s  as power generat ion, t e x t i  les,  petrochemical and 
environmental  c o n t r o l ,  As a d i v e r s i f i e d  corporat. ion, the  Deutsche 
Babcock group, w i t h  1979 sa les  o f  approximately f i v e  (5 )  b i  11 i o n  



D. Marks, can a s s i s t  i n  p r o v i d i n g  s o l u t i o n s  t o  a  wide v a r i e t y  o f  ener- 
gy and environment r e1  ated problems. 

,VKW has a h i s t o r y  o f  over 150 years  o f  eng ineer ing  and b u i l d i n g  
s t o k e r  and b o i l e r  systems fo r  a  wide v a r i e t y  o f  f u e l s .  D i f f e r e n t  g ra te  
systems were developed by VKW t o  burn such f u e l s  as coal ,  l i g n i t e ,  
bagasse, wood ch ips,  peat, e tc .  These f ue l s  were handled on g ra tes  
genera l  l y  descr ibed  as t r a v e l  1  ing,  i n c l  i ned  and r o c k i n g  g ra tes .  Some 
25 years  ago, when t h e  problem of s o l i d  waste d isposa l  i n  West Germany 
became acute, e x i s t i n g  g r a t e  systems were i n v e s t i g a t e d  by VKW, as t o  
t h e i r  a b i l i t y  t o  burn t h i s  d i f f i c u l t  f u e l ,  and i t was concluded t h a t  
e x i s t i n g  systems d i d  no t  p rov ide  t h e  optimum s o l u t i o n .  Consequently; 
i n  co -opera t ion  w i t h  t h e  City o f  Duesseldor f ,  t he  r o l l e r  g ra te  - System 
Duesseldor f  was developed. 

The development o f  an i n c i n e r a t i o n  system f o r  mun ic ipa l  s o l i d  
wastes was a l o g i c a l  ex tens ion  o f  VKW1s bas i c  business and p a r a l l e d  
e f f o r t s  undertaken by t h e  f i r m  t o  p rov ide  s p e c i f i c  s o l u t i o n s  t o  o the r  
waste d i sposa l  problems. These e f f o r t s  r e s u l t e d  i n  t he  complet ion o f  
t h e  f i r s t  i n d u s t r i a l  waste i n c i n e r a t i o n  f a c i l i t y  i n  1953; t h e  f i r s t  
f l u i d i z e d  bed a p p l i c a t i o n  T o r  i n d u s t r i a l  waste and sludge i n  1975 and . 
t h e  comple t ion  o f  the  f i r s t  co-d isposal ,  sewage sludge and mun ic ipa l  
s o l i d  waste f a c i l i t y  i n  1975. Three d i f f e r e n t  systems a c t u a l l y  com- 
p r i s e  t h e  VKW waste i n c i n e r a t i o n  technology, each w i t h  i t s  own app l i ca -  
t i o n s  c r i t e r i a .  The systems are known as; ( 1 )  Ro ta ry  K i l n  - System 
Bu t t ne r ;  ( 2 )  Opposed Mot ion Grate - System Ke l le r -Peuker t ;  and ( 3 )  
R o l l e r  Grate - System Duesseldor f .  

The Ro ta ry  K i l n  - System B u t t n e r  i s  app l i ed  f o r  i n d u s t r i a l  waste 
i n c i n e r a t i o n  p r o j e c t s  hav ing .  f l o w  r a t e s  o f  semi -so l id  and l i q u i d s  

, . wastes o f  up t o  6  MTPH (6.6 STPH). Whi le i t  i s  p o s s i b l e  t o  des ign and ' 
b u i l d  u n i t s  w i t h  1  arger  capac i t i es ,  market requi rements do no t  p resen t -  
l y  warrant  a  l a r g e r  s ize.  VKW has b u i l t  37 o f  these s p e c i a l i z e d  waste 
i n c i n e r a t o r s  , o f  which more than 50% a re  equipped w i t h  b o i l e r s  f o r  
energy recovery.  

'The Opposed Mot ion Grate - System Ke l l e r -Peuke r t  i s  used f o r  
i n t e r m e d i a t e  s i zed  mun ic ipa l  and commercial waste a p p l i c a t i o n s .  U n i t  
furnace c a p a c i t i e s  o f  6  MTPH (6.6 STPH) have been b u i l t ,  but,  designs 
a re  a v a i l a b l e  f o r  u n i t s  up t o  10 MTPH (11 STPH). S i x  f a c i l i t i e s  us ing  

.' t h i s  g r a t e  system have been b u i l t  by VKW. 

'the Kol  l e r  Grate - System Uuesse'ldorf i s  app l i ed  t o  mun ic ipa l  and 
commercial waste d i sposa l  a p p l i c a t i o n s  r e q u i r i n g  u n i t  furnace capaci -  
t i e s  g r e a t e r  than 10 MTPH ( 1  1 STPH). R o l l e r  g r a t e  systems w i t h  design 
c a p a c i t i e s  of 25 MTPH (27.5 STPH) have been i n s t a l l e d  a l though t he  
s t r u c t u r e  of t he  r o l l e r  caqe, t h e '  supports and d r i v e s  arrl designed so 
as t o  pe rm i t  expansion of u n i t  c a p a c i t i e s  t o  50 MTPH (55 STPH). Since 
VKW1s f i r s t  ' R o l l e r  Grate - System Duesseldor f  i n  Rosenheim, West - 
Germany, i n  1964, t he  technology has been expor ted  t o '  t h i r t e e n  (13) 
c o u n t r i e s  wor ldwide and i s  found i n  over f i f t y - f ' i v e  (55)  f a c i l i t i e s  
which have a t o t a l  o f  145 furnaces.  The worldwide a p p l i c a t i o n s  which 
encompass a1 1 t h e  European na t ions ,  Czechoslovakia, Union o f .  Sov ie t  
S o c i a l i s t  Republ ics ,  Japan and Ma lays ia  c l e a r l y  prove t h e  adaptabi  1  i t y  



of the '  technology t o  va ry i ng  p r o j e c t  c o n f i g u r a t i o n s  and s o l i d  waste 
compos i t ion  (See F i g .  1 ) .  

. Procurements o f  European refuse p l a n t s  have norma l l y  been by means 
o f  two methods; tu rn -key  and chu te - to -s tack .  Regardless o f  the  method 
o f  procurement, vendor s e l e c t  i o n  has always been a  comp,et i t  i v e  process 
whereby q u a l i f i e d  cont ract0r .s  would respond t o  a  se t  o f  s p e c i f i c a t i o n s  
generated e i t h e r  by t he  c l i e n t s  t e c h n i c a l  s t a f f  o r  by a  c o n s u l t i n g  
eng inee r i ng  f i r m .  Con t rac to r  responses t o  t h e  s p e c i f i c a t i o n s  are then 
eva lua ted  on techn ic 'a l  and economic m e r i t  f o r  s e l e c t i o n .  Under t h e  
t u rn - key  procurement method, t he  c o n t r a c t o r  i s  r espons ib l e  t o  d e l i v e r  a  
complete, operable system i n c l u d i n g  a l l  s t r u c t u r e s  and a u x i l i a r y  
mechanical  and e l e c t r i c a l  equipment. To mon i to r  t he  f i e l d  a c t i v i t i e s  
and equipment d e l i v e r i e s ,  a  p r o j e c t  c o n t r o l  adv i so ry  board i s  c rea ted  
t o  r e l i e v e  t he  c l i e n t  o f  t he  need t o  use h i s  own personnel,  which many 
t imes  are no t  a v a i l a b l e  t o  per form t h i s  f u n c t i o n .  Under t he  chute- 
t o - s tack  procurement approach, t h e  c o n t r a c t o r  i s  r espons ib l e  f o r  
d e l  i v e r i n g  t he  s p e c i f i e d  process ing t r a i n  w i t h  any assoc ia ted c o n t r o l s  
system. P r o j e c t  management f u n c t i o n s  are t h e  respons ib l  i t y  o f  t he  
c l i e n t ' s  consu l t an t .  

The p r ima ry  purpose of e a r l y  mun i c i pa l  waste i n c i n e r a t  i o n  p l a n t s  
was volume r e d u c t i o n  o f  so l  i d  wastes. However, t o  preserve t he  env i -  
ronment, t h e  f l u e  gases generated i n  t he  i n c i n e r a t i o n  process had t o  be 
c leansed o f  p a r t i c u l a t e .  O f  t h e  gas c l ean ing  systems ava i l ab le ,  h i gh  
energy wet scrubbers and e l e c t r o s t a t i c  p r e c i p i t a t o r s ,  ESP's were pre-  
f e r red ,  b u t  a p p l i c a t i o n  o f  these u n i t s  r e q u i r e d  a  p r e c o n d i t i o n i n g  
( c o o l i n g )  o f  t he  f l u e  gases t o  i n l e t  cond i t i ons .  F l ue  'gas c o o l i n g  was 
e f f e c t e d  us ing  e i t h e r  water spray c o n d i t i o n i n g  towers o r  steam genera- 
t o r s .  While some VKW p l a n t s  i n  France, Great B r i t a i n  and I t a l y  were 

' c o n f i g u r e d  w i t h  c o n d i t i o n i n g  towers, even t he  e a r l i e r  p r o j e c t s  i n  West 
Germany p r a c t i c e d  energy recovery  and were con f i gu red  w i t h  steam gener- , 

a t o r s .  Today, w i t h  ever ' i n c reas ing  shortages and cos t  o f  energy, waste 
i n c i n e r a t i o n  w i t hou t  energy recovery  i s  o f  l i t t l e  i n t e r e s t .  

TECHNOLOGY 

' M u n i c i p a l  and commercial s o l i d  waste i s  a  heterogeneous m ix tu re  o f  
o rgan i c  and m ine ra l  components. The hea t i ng  va lue  o f  t h i s  waste i s  a  
v a r i a b l e  f u n c t i o n  o f  t he  inc luded  percentages o f  combust ib le  and i n e r t  
m a t e r i a l s  and t he  water c o n t e n t ' ( S e e  F i g  2 ) .  Average composi t ion 
va lues y i e l d  average hea t i ng  values bu t  d u r i n g  ac tua l  cond i t i ons ,  t he  
compos i t ion  balance i s  i n  a  constant  s t a t e  o f  f l u x ,  .which i n  tu rn ,  r e -  
s u l t s  i n  a  f l u c t u a t i n g .  hea t i ng  value. Not .only are changes seen i n  ' t h e  
percentages o f  combust ib le  t o  non-coliibust i b l e  ma te r i  a1 s, hut. t he  com- 
p o s i t i o n  o f  the  waste a l so  var ies ,  a l l  o f  which r e s u l t  i n  va ry i ng  i gn i - .  
t i o n  c h a r a c t e r i s t i c s  o f  t he  waste. The problem o f  i g n i t i o n  p o t e n t i a l  
has t o  be circumvented i n  t h e  r e f u s e  feeder .  To e l i m i n a t e  t he  poss i -  
b i  1  i t y  o f  a  b a c k f i r e  i n  t he  re fuse  feed chute, t he  d e n s i t y  o f  waste i n  
t h e ' c h u t e  i s  increased, thereby  s u b s t a n t i a l l y  , reducing t he  avai  l a b i  1 i t y  
o f  combustion alr. Dur ing t h e  subsequent f eed ing  o f  the waste onto t h e  
grate,  i t . i s  necessary t o  again a l l o w  the  waste t o  expand so. as t o  
expose those wet and hard t o  i g n i t e  components. t o  a  p red ry i ng  phase. 



The cross-sec t iona l  geometry of the  VKW ram feeder and the va r iab le  
speed capabi 1 i t y  o f  the ram now s a t i s f y  the t h r e e .  feed requirements o f  
(a )  p r o v i d i n g  an a i r l o c k  i n  the  chute, (b )  a l l ow ing  the p a r t i a l l y  com- 
pressed wastes t o  r e l a x  and expand,. and ( c )  feed ing  the  wastes onto the 
g ra te  a t  a slow c o n t r o l l e d  speed. 

A proper g ra te  design a l lows f o r  the  wastes t o  be ag i ta ted  i n  such 
a way t o  expos'e unburned ma te r ia l s  t o  the f i r e  and t o  supply requ i red  
amounts o f  combustion a i r  i n  a uni form manner where needed dur ing  the 
combustion process. The' magnitude o f  the  mix ing  ac t i on  and in t roduc-  
t i o n  o f  a i r  should no t  be too  great s ince excesses w i l l  r e s u l t  i n  an 
increase o f  the  p a r t i c u l a t e  content o f  the combustion gases. The gra te  
design must assure t.hat. those d i f f i c u l t  t o  . iyn,ite aiid burn waste com- 
ponents have s u f f i c i e n t  residence t ime i n  the  furnace t o  assure com- 
p l e t e  burnout.  . From a combustion p o i n t  o f  view, i t  i s  des i rab le  t o  
p rov ide  the,maximum amounts o f  combustion a i r  t o  t h a t  area o f  the gra te  
where maximum a g i t a t i o n  and burn ing are t a k i n g  place. The fea t i .~ re  o f  
t h e  r o l l e r  g ra te  - System D u e s ~ e l d u r f  Is t h a t  i t  excels i n  i t s  a b i l i t y  
t o  s a t i s f y  t h a t  requirement. Since the speed and a i r  supply o f  i n d i -  
v i dua l  r o l l e r s  can be con t ro l l ed ,  Lhe operator  can match the residence 
t ime and the  a i r  supply t o  the  s p e c i f i c  waste being burned. 

The r o l l e r  g ra te  - System Duesseldorf i s  comprised o f  a set o f  s i x  
( 6 )  r o l l e r s  o f  equal diameter i n c l i n e d  a t  30 degrees from the horizon- 
t a l  plane. Each r o l l e r  has i t s  own c o n t r o l l a b l e  r o t a t i o n a l  speed from 
0.5 t o  12 r e v o l u t i o n s  per hour. The i n d i v i d u a l  a i r  supply t o  each 
r o l l e r  i s  c o n t r o l  led. by dampers. A1 1 d r i ves  and supports are located 
ou ts ide  o f  the  furnace area. Combustion a i r  i s  in t roduced a t  the 
bottom o f  the  r o l l e r  and f lows upward i n t o  the  waste bed i n  the  
q u a n t i t i e s  and pressures requ i red  t o  support the  p a r t i c u l a r  combustion 
phase occur ing  on t h a t  r o l l e r  (See F i g  3 ) .  A unique fedture! Of t h i s  
ar-rangement i s  t h a t  as the a i r  t r a v e l s  t o  the combustion zone i t  passes 
through the e n t i r e  body o f  the r o l l e r .  The e f f e c t  i s  one o f  continuous 
c o o l i n g  o f  the r o l l e r  body and the gra te  bars t o  the  extent  t h a t  the 
maximum g ra te  bar temperature f o r  any r o l  l e r  r a r e l y  exceeds 400°C 
(750°F). As a r e s u l t ,  economical, common gray cast  i r o n  i s  used f o r  
t h e  bar m a t e r i a l .  Add i t i ona l l y ,  as there  i s  a minimum o f  r e l a t i v e  
motion between the  gra te  and the  waste, g r a t e  bar ma te r i a l  wastage i s  
kept  t o  a minimum. The gra te  bars then, e a s i l y  a t t a i n  serv ice  l i v e s  i n  
excess o f  20,000 opera t ing  hours. 

The gra te  alone, does not  c o n t r o l  or  insure  the complete burnout 
o f  a l l  t h e  combust ible mat ter  i n  s o l i d  waste. F igure  2 shows the h igh  
p e r c e n t i l e  o f  v o l a t i l e s  i n  the  combustible p o r t i o n  emphasizing the need 
f o r  e f f i c i e n t  burnout o f  the v o l a t i l e s  which i s  a f u n c t i o n  o f  the f u r -  
nace design. The geometry o f  the  furnace, the loca t ion ,  o r i e n t a t i o n  
and pressures o f  the  secondary a i r  . i n l e t  a l l  combine i n  t h e i r  e f f e c t  t o  
complete ly  burn out the v o l a t i l e  gases before they  en ter  the r a d i a t i o n  
s h a f t  o f  the  b o i l e r .    he' furnace must be designed so as t o  mainta in 
temperatures h igh  enough t o  support waste d ry ing  and i g n i t i ' o n  but not 

. so h igh  as t o  reach the ash fus ion  po in t .  It must act  as an e f f e c t i v e  
m ix ing  chamber f o r  the  products o f  combustion but  the turbulence must - 
n o t  be so h,igh t h a t  add i t iona l .  p a r t i c u l a t e s  are en t ra ined i n  the  gas 
stream And, i t  must be so conf igured t h a t  the  gases leav ing  the 



fu rnace  and e n t e r i n g  t h e  b o i l e r ,  en te r  t h e  b o i l e r  i n  un i f o rm  and con- 
s i s t e n t  p r o f  i l e s  o f  v e l o c i t y ,  temperature and O2 con ten t .  /' 

One o f  t he  methods f o r  de te rmin ing  t he  optimum c o n f i g u r a t i o n  o f  
VKW furnaces i s  by means o f  h y d r a u l i c  modeling, wherein t h e  geometry o f  
t h e  fu rnace  i s  changed and var ious  d i f f e r e n t  secondary a i r  i n j e c t i o n  
arrangements are tes ted .  From t e s t s  such as these, t h e  furnace designs 
have been op t im ized  and t h e  r e s u l t s  can be seen i n  F i g  4 which shows 
t h e  o r i g i n a l  fu rnace  c o n f i g u r a t i o n  o f  t he  K i e l  MVA b u i l t  i n  1975 and 
t h e  fu rnace  shape o f  t h e  ex tens ion  which i s  c u r r e n t l y  under cons t ruc -  
t i o n .  

The c o n f i g u r a t i o n  o f  t he  furnace enc losure has changed w i t h  t ime 
from those hav ing a r e f r a c t o r y  l i n i n g  t o  those hav ing  water cooled sur-  
faces.  E a r l i e r  r e f r a c t o r y  l i n e d  furnaces exper ienced s l agg ing  problems 
as t he  hea t i ng  va lue o f  r e fuse  s t a r t e d  t o  c l imb.  The r a d i a n t  e f f e c t  o f  
these  r e f r a c t o r y  l i n e d  furnaces was t o o  h i g h  f o r  t he  r i s i n g  heat 
r e l e a s e  r a t e  and t h e  oak f u s i o n  temperatures were reached. Since t he  
e a r l y  r e f r a c t o r i e s  were no t  o f  t he  se l f -shedd ing  t ype  as i s  s i l i c o n  
carb ide,  t h e y  were prone t o  s l a g  bu i ldups .  However, today t he re  are 
d i f f e r e n t  r e f r a c t o r y  m a t e r i a l s  t h a t  can be used, o r  t he  furnace can be 
l i n e d  w i t h  cas t  i r o n  o r  ceramic p l a t e s  t h a t  are a i r  cooled, a l l  o f  
which p r a c t i c a l l y  e l i m i n a t e  t h e  s l agg ing  problem. As t he  hea t i ng  
va lue  increases, i t  a l so  becomes advantageous t o  l i n e  t he  furnaces w i t h  
water  w a l l  panels  which, i n  tu rn ,  are an i n t e g r a l  p a r t  o f  t he  steam 
genera to r .  To p r o t e c t  these sur faces w i t h i n  t he  h i gh  t u r b u l e n t  areas 
o f  t h e  furnace, t h e  water w a l l s  are studded and coated w i t h  a  l a y e r  o f  
h i g h  s i l i c o n  ca rb ide  con ten t  p l a s t i c  r e f r a c t o r y .  The e f f e c t  o f  t he  
water w a l l  then i s  t o  p rov ide  a cooled sur face  which reduces s l a g  
b u i l d u p  and, a t  t h e  same t ime, recovers  a s u b s t a n t i a l  amount o f  t he  
energy avai  1  ab le  w i t h i n  t h e  furnace. 

B o i l e r s  designed and b u i l t  by VKW are designed t o  match the  waste' 
t h a t  i s  be ing  burned. For example, b o i l e r s  t h a t  are used i n  conjunc- 
t i o n  w i t h  i n d u s t r i a l  waste r o t a r y  k i l n  a p p l i c a t i o n s  are s u b s t a n t i a l l y  
d i f f e r e n t  f rom b o i l e r s  designed f o r  mun ic ipa l  waste i n c i n e r a t i o n  a p p l i -  
c a t  ions.  

For m ~ n i c i ' ~ a 1  waste app l i ca t i ons ,  a  p o r t i o n  o f  t he  b o i l e r  forms. an 
i n t e g r a l  par. t  o f  t he  fu rnace  and secondary combustion zone. The f u r -  
nace and t h e  subsequent b o i l e r  r a d i a t i o n  pass are so arranged as t o  
assure burnout  o f  t he  gases i n  o rder  t o  min imize c o r r o s i o n  problems, 
b e f o r e  t h e y  en te r  t he  r a d i a t i o n  pass. S i m i l a r l y ,  t o  reduce co r ros ion  
and e ros ion  problems, t he  f l u e  gases should undergo a l ong  r e a c t i o n  
p e r i o d  and drop i n  temperature be fo re  t hey  come i n  con tac t  w i t h  convec- 
t i o n  heat  t r a n s f e r  sur faces.  For t h i s  reason, VKW designs high, m u l t i -  
p l e  pass , b o i l e r s  t h a t  have up t o  two r a d i a t i o n  passes which are f r e e  o f  
convec t ion  sur faces.  These water w a l l  l i n e d  passages a l l o w  f o r  t h e  
r e q u i r e d  r e a c t i o n  t ime.and  heat t r a n s f e r  t o  occur p r i o r  t o  e n t e r i n g  t he  
co r ros ion -e ros ion  s e n s i t i v e  convec t i ve  sec t  ion.  These sur faces t oo  
must be designed w i t h  wide spacings between tubes t o  pe rm i t  f r e e  t r a v e l  
o f  t h e  gases which, i n  tu rn ,  reduces ,  the  amounts o f  soot b u i  ldup. 



I n  order  t o  a t t a i n  h igh  a v a i l a b i l i t y ,  b o i l e r s  must be designed t o  
contend w i t h  problems from erosion, cor ros ion  and a1 t e r n a t  i n g  eros ion 
and cor ros ion .  The key f a c t o r s  t o  reducing the e f f e c t s  o f  eros ion are 
gas . v e l o c i t y  and u n i f o r m i t y  o f  gas f low.  When convect ion surfaces are 
encountered, t he  gases should t r a v e l  through' the bundles w i t h  unif.orm 
low v e l o c i t y  p r o f i l e s  and the poss ib i  1  i t y  o f  h igher  v e l o c i t y  shor t  c i r -  
c u i t s  should be avoided. As w i t h  the development o f  the proper furnace 
geometry, proper b o i l e r  geometry has been ex tens i ve l y  s tudied by VKW 
us ing  hyd rau l i c  model l ing pr'ocedures (F ig .  5 ) .  To f u r t h e r  reduce the . 

po ten t  i a1 o f  erosion, VKW des i.gns have p l  aced the  convect.ion s u r f  aces 
i n  t h e  t h i r d  b o i l e r  pass (an up-pass). I n  t h i s  conf igurat ion, ,  g r a v i t y  
works against  t he  entra' ined p a r t i c u l a t e  and has the  e f f e c t  o f  reducing' 
the' v e l o c i t y - h e a d  o f  the p a r t i c l e  as i t meets the  tube surface. To 
e x p l a i n  the  mechanics o f  t h e .  causes o f  cor ros ion  are beyond t h e '  scope 
and i n t e n t  o f  t h i s  paper. It .su f f i ces  t o  s a y . t h a t  today we know o f  a  
number o f  measures t h a t  can be implemented t o  reduce the p o t e n t i a l  o f  
cor ros ion .  These are: 

Waste Composition: 

a R e s t r i c t  the re fuse stream t o  r e s i d e n t i a l  and commercial 
wastes. I n d u s t r i a l  wastes which have h igh  HC1 content 
should no t  be burned i n  convent ional munic ipal  waste i n c i n -  
e r a t o r s .  

a . E f f e c t  a  good mix ing  o f  the wastes t o  reduce the  p o t e n t i a l  
o f  feeding spike loads o f  harmful ma te r i a l s .  

I n c i n e r a t i o n :  
, . 

. Uniform feeding and .burning .of the feedstock thr6ugh the .use , , "  

o f  an automatic combustion c o n t r o l  system. 

a Proper ' con f i gu ra t i on  o f  the  fu rnace and secondary a i r  supply 
so as t o  assure proper turbulence and uni form heat absorp- 
t i o n .  

Boiqer Design: 

a Design the  f i n a l  superheater stage f o r  p a r a l l e l  f low.  

a Main ta in .  lower superheater metal temperatures. 
C 

a Pro tec t  s e n s i t i v e  tube surfaces w i t h  studs and p l a s t i c  re -  
f r a c t o r y .  

'With the  experience now &a i l ab le ,  VKW i s  conf ident  t h a t  b o i l e r s  
f o r  re fuse  i n c i n e r a t i o n  f a c i l i t i e s  can be designed f o r  r e l i a b l e  
performance a t  h igh  steam qua1 i t y  parameters. Superheat cond i t ions  of 
500°C (932°F) are a t ta inab le ;  and a t  these condi t ions,  much b e t t e r  
thermal u t  i 1 i z a t  i o n  f a c t o r s  are r e a l  ized. 



As w i t h  any i n d u s t r i a l  process, r e f u s e  power p l a n t s  generate some 
s i d e  e f f e c t s ,  which, i f  no t  addressed d u r i n g  t h e  eng ineer ing  phase, 
w i l l  have an adverse impact on t he  environment. With re fuse  i n c i n e r a -  
t i o n  these e f f e c t s  are: 

. a  Gas and p a r t i c u l a t e  emissions 

a Waste water t reatment  

a Ash q u a l i t y  

Noise 

~ t m o s ~ h ~ r i c  emissions are o f  two types, gaseous and p a r t i c u l a t e s ,  
and bo th  types  must be c o n t r o l l e d  i n  West German . The ondensib le  Y 5 HC1, HF emissions must meet l i m i t s  o f  100mg/Nm , 5mg/Nm , respec- 
t i v e l y .  C leans ing t he  f l u e  gas stream o f  these contaminants i s  p e r f o r -  
med e i t h e r  by wet o r  d r y  scrubbing systems. For t h e  pas t  f i v e  years 
scrubber  i n s t a l  1 a t  i ons  werer mos t l y  of t he  wet types where water was 
used as t he  absorp t ion  medium f o r  HC1 and HF. When the  need a r i s e s  t o  
a l s o  reduce t h e  l e v e l s  o f  SO , an a d d i t i o n a l  absorbant i s  added t o  
t h e  water (F i g .  6 ) .  ~ h i ? e  t h e  wet scrubbers have performed 
s a t i s f a c t o r i l y  i n  reduc ing  t he  emission l e v e l s ,  t he  r e s u l t a n t  waste 
water  f l o w s  have o f t e n  advers ly  impacted t he  l o c a l  sewage system. 
Consequently, d r y  absorp t ion  systems ( F i g .  7 )  have been developed which ' .  
r e a c t  HC1 and HF i n t o  a d r y  s o l i d  ca lc ium o r  sodium compound which can . . 
t hen  b e '  c o l l e c t e d  by convent iona l  p a r t i c u l a t e  removal systems. 
P a r t i c u l a t e  emision c o n t r o l ,  i n  general ,  has an excel  l e n t  t r a c k  reco rd  
s i n c e  e l e c t r o s t a t i c  p r e c i p i t a t o r s  o r  bag f i l t e r s  r o u t i n e l y  operate a t  
e f f i c i e n c i e s  between 99.0 t o  99.9% Y s u r i n g  t h a t  t he  West German 
p a r t i c u l a t e  em'ission l i m i t s  o f  100mg/Nm are met. 

Discharges o f  wastewaters f rom European r e f u s e  power p l a n t s  are 
s u b j e c t  t o  va r i ab le ,  r e g i o n a l l y  imposed r e s t r i c t i o n s .  I n  many o f  t he  
f a c i l i t i e s  designed by VKW, t he  water c i r c u i t  i s  c losed  and t he  p l a n t s  
r u n  w i t h  zero d ischarge  o f  process waters. There i s  a constant  demand 
f o r  makeup water i n  t he  ash quench tank due t o  the  evapora t i ve  losses 
t h a t  occur .  Th is  makeup demand i s  s a t i s f i e d  by  c o n f i g u r i n g ,  t h e  
f a c i l i t y  w i t h  n e u t r a l i z a t i o n  and s to rage  tanks o f  s u f f i c i e n t  c a p a c i t y  
t o  r e c e i v e  process waste f l o w s  f rom b o i l e r  feedwater '  t reatment ,  ash 
bunker d r a i n s  and b o i l e r  blowdown. A f t e r  n e u t r a l i z a t i o n  and 
se t t lement ,  these combined waters are used as makeup f l o w .  t o  t h e  ash 
quench tank. 

Residues t h a t  remain f rom t h e  i n c i n e r a t i o n  o f  mun ic ipa l  wastes on 
a r o l l e r  g r a t e  o r  an opposed mo t i u r~  K-P g r a t e  have c o n s i s t e n t l y  had 
e x c e l l e n t  burnout  c h a r a c t e r i s t i c s  w i t h  ex t reme ly  low percentages o f  
p u t r e s c i b l e  con ten t  ( l e s s .  than 0.3%). Consequently, . t hese  res idues  
have had no d i f f i c u l t y  i n  be ing  p laced  i n  l a n d f i l l s ,  Frequent ly ,  scrap 
meta ls  are recovered f rom t h e  ash and t h e  r e s i d u a l  c l i n k e r  i s  s i z e  
segregated a f t e r  which it i s  used i n  t h e  c o n s t r u c t i o n  o f  roads. For 
some time, ash l a n d f  i 11s have -been moni tored i n  West Germany. and t h e  
r e s u l t s  o f  these s tud ies  show t h a t  these ash f i l l s  do n o t  contaminate 
t h e  ground water supply.  



Therefore,  f rom an env i ronmenta l  p o i n t  of view, r e f u s e  power 
p l a n t s  designed and b u i l t  by VKW have c o n s i s t e n t l y  p rov ided  environmen- 
t a l l y  sound s o l u t i o n s  t o  t he  problems o f  waste d i sposa l .  

J u s t  as a  qua r te r  o f  a  cen tu ry  ago t h e  problem o f  waste d isposa l  
i n  West Germany became acute, t he  r o l l e r  g r a t e  - System Duesseldorf  was 
developed,now t h e  problem o f  sewage sludge d isposa l  has become acute. 
again VKW has p rov ided  a  s o l u t i o n  - w i t h  i t s  s ludge system des ignated 
HGS. The HGS system i s  a  c losed  c y c l e  ad junc t  t o  t he  re fuse  i n c i n e r a -  
t i o n  system. The p l a n t  i s  s i zed  such . t ha t  t h e  re fuse  and sewage s lud-  
ges generated by a  community can be co - i nc i ne ra ted  i n  one f a c i l i t y .  
Whi le t h e  co-d isposal  process may be app l i ed  i n  d i f f e r e n t  ways, one 
example i s  where t h e  r e f u s e  power p l a n t  i s  s i t e d  ad jacent  t o  t h e  waste- 
water t rea tment  f a c : i l i t y  (F i g .  8 ) .  I n  t h i s  arrangement, sludge i s  
pumped t o  t h e  r e f u s e  , p l an t  a t  aprox imate ly  4% s o l i d s  con ten t  where i t 
i s  dewatered mechan ica l l y  t o  25% s o l i d s  con ten t .  The sludge cake i s  
then  i n t r oduced  i n t o  t he  d r y i n g - p u l v e r i z a t  i o n  equipment (F ig .  9 )  where 
t h e  s ludge i s  d r i e d  us ing  combustion f l u e  gases. These gases are w i t h -  
drawn f rom t h e  upper p o r t i o n  o f  t h e  f i r s t  b o i l e r  pass a t  approx imate ly  
800°C (1472°F) and i n  t h e  course o f  t he  d r y i n g  process they  are cooled 
t.o 250-300°C (480-570°F). S o l i d s  con ten t  o f  t he  sludge, d u r i n g  t h i s  , . 
process, i s  increased t o  approx imate ly  90% and t he  combined f l o w  o f  gas . . 
and s ludge powder i s  pneumat ica l l y  conveyed t o  t he  furnace f o r  i n c i n e r -  
a t i o n .  A nominal  r a t i n g  f o r  t h e  co-d isposal  o p t i o n  a l lows  f o r  9  MTPH 
o f  s ludge cake a t  25% s o l  i d s  t o  be i n c i n e r a t e d  w i t h  12 MTPH o f  r e fuse  
hav ing  a  LHV o f  2400 K c a l l k g  (4300 BTUI lb . ) .  

A. f a c i l i t y  designed and b u i l t  by  VKW which i s  wor thy o f  rev iew i s  
t h e  MVA Goeppingen. 

The MVA Goeppingen i s  t h e  p roduc t  o f  a  s e r i e s  o f  a l t e r n a t e  waste 
d i s p o s a l  s t u d i e s  and conferences t h a t  began i n  1960. The c i t y  i n i t i a l -  
l y  came t o  t he  conc lus ion  t h a t  t he  wastes generated i n  t he  c i t y  alone 
d i d  no t  economica l l y  j u s t i f y  an a l t e r n a t e  d isposa l  method t o  t h e  e x i s t -  
i n g  l a n d f i  11 a l though f i l l i n g  c a p a c i t y  was r a p i d l y  be ing  depleted.  
What ensued were a  number o f  years o f  n e g o t i a t i o n s  and f u r t h e r  s tud ies  
w i t h  sur round ing  communit ies t o  develop, on a r e g i o n a l  bas is ,  committ-  
ments t o  supp ly  wastes t.0 a  c e n t r a l  f a c i l i t y .  E a r l y  i n  1968 these 
d i f f i c u l t  d i scuss ions  r e s u l t e d  i n .  t h e  . fo rmat ion  o f  a  r e g i o n a l  
" a u t h o r i t y "  which comprised t h e  c i t i e s  of Goeppingen and E i s l i n g e n  and . 

a  number o f  ad jacent  towns, which i n  t o t a l ,  had a  popu la t i on  o f  152.127 
people. A c o n s u l t a n t  engineer  was then commissioned t o  s tudy  the  
p o t e n t i  d l  energy markets f o r  t h e  proposed f a c i  1  i t y .  The conc lus ions o f  
these  s t u d i e s  r e s u l t e d -  i n  c o n t r a c t s  f o r  t h e  s a l e  o f  e l e c t r i c i t y  t o  the  
Neckarwerke u t i l i t y  i n  1969, and f o r  t he  supply  o f  comfor t  and process 
hea t  t o  t he  r e g i o n a l  h o s p i t a l  i n .  1970. With t he  energy market estab- 
l i shed ,  a  c o m p e t i t i v e  b i d d i n g  phase f o r  t h e  des ign and c o n s t r u c t i o n  of 
t h e  f a c i l i t y  was conducted which r e s u l t e d  i n  an award t o  VKW f o r  a  
t u rn - key  p r o j e c t ,  on November 29, 1971. The p r i c e  f o r  t h e  f a c i l i t y  was 
35.6 m i l l i o n  D. Marks. S i t e  c o n s t r u c t i o n  was s t a r t e d  on September 25, 
1972 and t he  f i n i s h e d  p l a n t  was commissioned and accepted by t he  c l i e n t  
i n  J u l y  1975. 



MVA Goeppingen has two, r o l l e r  g r a t e  - System Duesseldorf furnaces 
and b o i l e r s ,  each designed f o r  12 MTPH (13.2 STPH) throughput  o f  
mun i c i pa l  and commercial wastes hav ing a  LHV range o f  1200 t o  2850 
Kcal /Kg (2150 t o  5125 BTUI lb) .  Each b o i l e r  has a  r a t e d  steam 
gene ra t i ng  c a p a c i t y  o f  32 MTPH (70,400 pph) a t  c o n d i t i o n s  o f  39 Bar, 
410°C (560 ps i ,  770°F). Steam i s  used e i t h e r  as t h r o t t l e  t o  an 8.7 MW 
ex t rac t ion-condens ing  t u r b i n e  generator  o r  as hea t i ng  medium i n  h i g h  
p ressure  210°C (410°F) o r  low pressure 140°C (285°F) heat  exchangers. 
The mix o f  f l o w s  v a r i e s  around t he  year  as a  f u n c t i o n  o f  t he  ambient 
temperature.  MVA Goeppingen suppl i e s  approx imate ly  10% o f  t he  
e l e c t r i c a l  requi rements o f  t he  City of Goeppingen bu t  t he  p r i o r i t y  . 
demand i s  t o  t he  1100 bed r e g i o n a l  h o s p i t a l  and surrounding res idences 
which are l oca ted  2.2KM (1.3 m i l e s )  from t h e  MVA. Present c o n t r a c t s  
r e q u i r e  a  guarantee t o  p rov ide  24 m i  11 i o n  ' K c a l l h r  (43.2 m i  11 i o n  
BTUIhr) .  Th i s  demand by t h e  h o s p i t a l  w i l l  be increased t o ' 3 6  m i l l i o n  
K c a l l h r  on a  guaranteed bas is  i n  1981. I n  A d d i t i o n  8.6 m i l l i o n  K c a l l h r  
w i l l  be supp-1 i e d  t o  a  nearby po l  i c e  academy on an i n t e r r u p t a b l e  bas is .  
The ab i  1  i t y  o f  t he  MVA t o  s a t i s f y  these a d d i t i o n a l  requests  f o r  energy 
r e s u l t s  f rom t h e  f a c t  t h a t  a d d i t i o n a l  r e fuse  t h a t  i s  be ing  d e l i v e r e d  t o  
t h e  f a c i l i t y .  While, d u r i n g  t h e  p l ann ing  stage, t he  r e g i o n  had a  
p o p u l a t i o n  o f  s l i g h t l y  over 150,000 people, t h e  present  popu la t i on  
s tands a t  230,000 people. I n  a d d i t i o n  t he  r e g i o n  o f  Ess l ingen (25Km 
away), w i t h  a  popu1atio.n o f  120,000 i s  d e l i v e r i n g  i t s  waste, so MVA 
Goeppingen now serves a  popu la t i on  base o f  350,000 people. To s a t i s f y  ,, 
t h e  waste d i sposa l  and energy supply  requi rements o f  the  area, bo th  
fu rnaces  are p r e s e n t l y  be ing  operated f u l l  t ime.  

The b o i l e r s  a t  Goeppingen are o f  t he  4  pass des ign where t he  two 
s tage superheaters are l oca ted  i n  t he  second pass and the  evaporator  
tubes are l oca ted  i n  t h e  t h i r d  pass ( F i g .  7 ) .  Dur ing t h e  i n i t i a l  
o p e r a t i n g  per iod,  t he  superheater tubes exper ienced excess ive f a i l u r e  
r a t e s  f rom co r ros ion .  Flow mode l l i ng  and s tack emission t e s t  were 
conducted and these t e s t s  i nd i ca ted :  r e s i d u a l  CO con ten t  i n  t he  gases 
l e a v i n g  t h e  secondary chamber ( i n s u f f i c i e n t  t u rbu lence  i n  t h a t  zone) 
and an ex t reme ly  h i gh  HC1 con ten t  i n  t he  s tack emissions. I n  1375 t o  
1976. H C l  emissions i n  West Germany were l i m i y d  t o  1500 mg/Nm , b u t  
t e s t i n g  showed emission r a t e 5  up t o  4500 mg/Nm w i t h  sp ikes  a t  h i ghe r  
l e v e l s .  Two ac t i ons  were i n i t i a t e d .  To c o r r e c t  t h e  CO s t r a i n s  t h a t  
were p resen t  i n  t he  f l u e  gases, t h e  furnace shape and secondary a i r  
p o r t s  were mod i f ied .  To e s t a b l i s h  t he  source f o r  t he  h i gh  HC1 con ten t  
an ex tens i ve  t e s t i n g  o f  . the  p l a s t i c s  d e l i v e r e d  t o  t he  p l a n t  was 
conducted. It was determined t h a t  t he  source was a  ve ry  smal l  p o r t i o n  
o f  t h e  t o t a l  p l a s t i c s  stream coming f rom a  s y n t h e t i c  m a t e r i a l s  
manufacturer  i n  Goeppingen. When analyzed t h i s  waste ma te r i  a1 was 
shown t o  have ex t reme ly  h i gh  c h l o r i n e  con ten t  and t h e  manufacturer was. 
subsequent ly  banned t rom d lspvs i r i y  t h a t  waste a t  MVA Goeppingen. With 
t h e  a  sence o f  t h a t  p a r t i c u l a r  waste, HC1 emissions f e l l  t o  800 t o  1000 
mg/Nm9 and t h e  severe wastage r a t e  o f  t h e  superheaters  was 
e l im ina ted .  Presen t l y ,  t h e  superheater bundles have accrued between , 

12,000 and 20,000 ope ra t i ng  hours and have .exper ienced o n l y  minor tube 
f a i l u r e s .  

The ope ra t i ng  s t a f f ,  exc lud ing  c l e r i c a l  and bookkeeping personnel, 
t o t a l s  51 people. The m a j o r i t y  o f  these people are d i v i d e d  amongst 



f o u r  ( 4 )  o p e r a t i n g  groups (F ig .  8)  ope ra t i ng  on th ree  (3 )  s h i f t s  (F ig .  
11).  Each group cons i s t s  o f  8  people al though o n l y . 6  are requ i red  f o r  
operat ions,  t he  remaining 2 being a1 loca ted  as, coverage fo r  vacat ions, 
h o l i d a y s  and i l l n e s s .  The personnel a t  the  MVA who are c ross - t ra ined  
as crane operators,  b o i l e r  operators and t u r b i n e  operators understand 
f u l l y  t h e  in terre.1 a t i onsh ips  o f  t h e i r  p o s i t i o n s  i n  t h e  o v e r a l l  
ope ra t i ng  success o f  the  f a c i  1  i t y .  

The MVA maintenance s t a f f  i s  respons ib le  f o r  the  everyday upkeep 
o f  t h e  f a c i l i t y  and minor r e p a i r s  f o r  such items as cranes, b u l k y  waste 
shears, pumps, e t c .  Repairs are no t  e f f e c t e d  by means o f  a  schedule o f  
ope ra t i ng  hours bu t  r a t h e r  r e p a i r s  are o n l y  c a r r i e d  out  when a  s p e c i f i c  
p iece  o f  equipment f a i l s .  For r e p a i r s  t h a t  r e q u i r e  longer per iods o f  
t ime o r  are o f  a  spec ia l i zed  nature, such as the  tu rb ine ,  scales, HVAC 
equipmcnt o r  bo i  l e r  f , l r e s i d e  cleaning, sub-contract labor  i s  u t  i 1 ized. 
O f  t h e  maintenance func t i ons  r e q u i r i n g  sub-contract services, the one 
o c c u r r i n g  most f r e q u e n t l y  i s  t h a t  . o f  f i r e s i d e  c leaning.  F i r e s i d e  
c lean ings  are s i g n a l l e d  by a  r i s e  i n  f l u e  gas temperature and when the  
th resho ld  i s  approached, the  u n i t  i s  .scheduled t o  be taken o f f - l i n e  and 
cleaned. B o i l e r s  a t  MVA Goeppingen are cleaned us ing  the  water soak 
and h igh  pressure water wash method. While t he  ac tua l  c lean ing  pe r i od  
i s  o n l y  3  days, p repara t ion  and cleanup add 2 days: t o  the  schedule. 
A f t e r  c leaning,  procedures c a l l  f o r  a  general i nspec t i on  o f  tube sur- 
f aces be fore  r e t u r n i n g  the  bo i  l e r  t o  serv ice .  

As s t a t e d .  e a r l i e r ,  w i t h  the  a d d i t i o n a l  waste f l o w  being de l i ve red  
t o  MVA Goeppingen, both furnaces are i n  opera t ion  on a  r o u t i n e  basis .  
Loading o f  t he  furnaces i s  a  f u n c t i o n  o f  the seasonal v a r i a t i o n s  o f  the  
waste f l o w  and ranges f rom a  low o f  60% design r a t i n g  t o  100% o f  design 
r a t i n g .  I n  1979, 151,000 tonnes o f  re fuse  were processed at  t he  f a c i l -  
i t y .  O f  t h i s  tonnage, 86,000 tonnes were r e s i d e n t i a l  wastes and 63,,000 ,,*;. 
tonnes were comrnerci a1 and i n d u s t r i  a1 wastes. Comrnerci a1 wastes are 
de f i ned  as m a t e r i a l s  having c h a r a c t e r i s t i c s  s i m i l a r  t o  r e s i d e n t i a l  
wastes and i n d u s t r i a l  wastes cons i s t  most ly  o f  such items as o i l  soaked 
rags  and d i s t i  1  l a t  i o n  res idues.  I n  '.1979, t he  waste throughput repre-  
sented 72%. o f  the  p l a n t s  t o t a l  i n s t a l  l e d  capac i ty .  This  w i  11 be i n -  
creased i n  1980 t o  81% due t o  a  planned re fuse  f l o w  o f  170,000 tonnes. 
For  t he  f i r s t  s i x  months o f  1980, an , a v a i l a b i l i t y  f a c t o r  o f  78.3% was 
r e a l  i zed. 

MVA Goeppingen i s  operated on a  break even bas i s '  t y p i c a l  o f  the  
m a j o r i t y  ! o f  European i n s t a l l a t i o n s .  For 1979, t he  MVA had a  budget of 
14.6 m i l l i o n  D. Marks which was a l l oca ted  as fo l l ows :  



Expenses : 
. . 

1. Cap i ta l  i n t e r e s t  and dep rec ia t i on  costs  (31.5%) 4,599,000 

2. C o l l e c t i o n  and t r a n s p o r t a t i o n  o f  munic ipa l  r e fuse  
(once per week per household f o r  r e s i d e n t i a l  
c o l l e c t i o n  and twi'ce per year each f o r  bu l ky  wastes 
and scrap) (28.5%) 4,161,000 

3. Admin i s t ra t i ve  and payrol.1 costs  (23.8%) ,3,747,800 

4. Maintenance costs ,. insurance, res idue  d isposal ,  
veh ic les ,  e t c .  (16.2%) 2,365,200 

D.M., 74,600,000 

Revenues : 

1. Sa1,es o f  heat a d  e l e c t r i c i t y  

Munic ipa l  waste d isposal  serv ices  
( M u l t i - t e n a n t  residences 102 DMIyear f o r  
one 220 l i t e r  con ta iner  - S ing le  tenant  d m  

res idences 62 DMIyear f o r  one 220 l i t e r  
con ta ine r )  ' 7,801,000 

a. 

Commerci a1 and i n d u s t r i  a1 wastes de l  i vered 
b y  the  waste generator are charged 55 DM 
per  tonne 3,499,000 

D.M. 14,600,000 

The r e l a t i v e l y .  low fees t h a t  are charged a t  MVA Goeppingen, i n  ... 
comparison t o  some o ther  f a c i l i t i e s ,  r e s u l t  f rom two f o r t u i t o u s  circum- 
stances. The f i r s t .  i s  t h a t  the  f a c i l i t y  i s  f u l l y  u t i l i z e d ,  which was 
made poss ib le  by the  committment o f  waste supply from the  reg ion  o f  
Ess l  ingen. Before the  a d d i t i o n a l  40,000 tonnes per year were committ- 
ed, t h i s  f a c i l i t y  r e a l i z e d  o n l y  a  50% u t i l i z a t i o n  f a c t o r  and the  cos ts  
per.  r e s i d e n t i a l  o r  commercial tonne we're h igher .  Secondly, bu t  e q u a l l y  
as important,  the  f a c i l i t y ' s  energy u t i l i z a t i o n  f a c t o r  i s  very  high. 

' The p l a n t s  a b i l i t y  t o  generate and s e l l  both d i s t r i c t  heat and e l e c t r i -  
c i t y  means t h a t  the  m a j o r i t y  of the  energy content  o f  t he  wastes pro-  
duces revenue. Due t o  the  r i s i n g  cos ts  o f  energy and the  increased 
u t i l i z a t i o n  o f  the  f a c i l i t y ,  a  reduc t i on  i n  d isposa l  fees i s  being 
p l  anned f o r  1981 . 

U n t i  1  recen t l y ,  the  problems o f  waste d isposal  and energy conser- 
v a t i o n  have not been as severe i n  Nor th  America as they  had been i n  
Europe twenty years ago. Today we too  recognize the  value s f  energy 
conserva t ion  and we are we l l  aware o f  our environment and the  need t o  - 
p r o t e c t  it. . The v i a b i l i t y ,  there fo re ,  o f  implementing European waste 
d i sposa l  methods ( i .e, , energy recovery te,chnology) i n  Nor th  America i s  
i nc reas ing  d i r e c t l y  p ropo r t i ona l  t o  economic and environmental  pres-  
sures. VKW, w i t h  i t s  exper ience '  and proven t r a c k  record  i s  we l l  s u i t e d  
t o  p r o v i d i n g  v i a b l e  so lu t i ons  t o  our waste d isposal  problems and has 
made i t s  technology a v a i l a b l e  . i n  Nor th  America through an exc lus i ve  



1 icense arrangement w i t h  Browning-Ferr is I ndus t r i es ,  Inc.  (BFI) . 
BFI i s  the  n a t i o n ' s  l a rges t  p u b l i c l y  he ld  waste systems company 

p r o v i d i n g  c o l l e c t i o n ,  t r a n s f e r  processing and d isposal  serv ices f o r  
s o l i d  and l i q u i d  wastes. The corpora t ion  has a  s ingle,  pr imary busi -  
ness, t h a t  o f  p rov id ing  waste r e l a t e d  services, which i t  pursues i n  
approximately 150 l o c a t i o n s  i n  the  Uni ted States, Canada and Puerto 
Rico. BFI i s  headquartered i n  Houston, Texas and operates through 
e i g h t  reg iona l  o f f i c e s  (F ig .  13).  P ro jec t  development and implementa- 
t i o n  of VKW technology app l i ca t i ons  w i l l  u t i l i z e  the  resources o f  BFI 
headquarters i n  Houston and the  r e g i o n a l .  s t a f f  app l icab le  t o  the  
spec' i f  i c  p r o j e c t  loca t ion .  Primary c l i e n t  contact  and assessment of 
p r o j e c t  s ta tus  w i l l  gene ra l l y  be c a r r i e d  out by BFI 's  d i s t r i c t  and 
reg iona l  s t a f f .  However; qua1 i f  i c a t  ion, proposal and p r o j e c t  
management f unc t i ons  w i l l  be the r e s p o n s i b i l i t y  o f  the company's Energy 
Systems D i v i s i o n  i n  Houston. 

Implementat ion o f  BFIIVKW p ro jec ts  w i l l  be c a r r i e d  out by a  team 
c o n s i s t i n g  o f  BFI, VKW and general ly, an engineer ing/construct  i on  f i r m .  
Under t h i s  team approach, VKW w i l l  have m u l t i p l e  r e s p o n s i b i l i t i e s .  
During the  p lann ing  and layout  phase, VKW w i l l  prov ide inputs  as t o  the 
most economical arrangement o f  equipment, r e f l e c t i n g  both c a p i t a l  and 
ope ra t i ng  cos t  inputs .  I n  t h i s  capaci ty ,  VKW w i l l  i n t e r f a c e  through 
BFI w i t h  the  eng ineer lcons t ruc tor  t o  e s t a b l i s h  the engineer ing c r i t e r i a  
f o r  t h e  f a c i l i t y .  As d e t a i l  designs are completed both VKW and BFI 
w i l l  per form a  rev iewing f u n c t i o n  t o  assure the  p r o j e c t  team, and the 
c l i e n t ,  o f  compliance t o  VKW c r i t e r i a ;  During the manufactur ing and 
c o n s t r u c t i o n  phases o f  the p ro jec t ,  VKW w i l l  supply c e r t a i n  key pieces 
o f  equipment such as the r o l l e r  g ra te  cages. The balance o f  p lan t  
equipment supply however, w i l l  be obtained from l o c a l  North American 
sources. As the  f a c i l i t y  i s  constructed, VKW w i l l  p rov ide experienced 
superv isory  personnel t o  a s s i s t  i n  the  e rec t i on  o f  key components such 
as the g ra te  and the  b o i l e r  and f o r  s p e c i f i c  inputs  as required.. Upon 
c o n s t r u c t i o n  completion, spec ia l i zed  VKW personnel w i l l  a s s i s t  i n  the 
s t a r t - u p  o f  the p lan t .  Since BFI has an i n t e r e s t  and a  committment t o  
t h e  long term opera t ion  o f  these f a c i l i t i e s ,  our l i cense  arrangement 
p rov ides  f o r  the  t r a i n i n g  o f  BFI 's  key opera t ing  s t a f f  at  one o f  VKW1s 
f a c i  1  i t  i e s  i n  Europe. This capabi 1  i t y  provides the assurance t h a t  when 
opera t ions  commence, the  f a c i  1  i t y  w i  11 have an opera t ing  s t a f f  w i t h  
"hands-on" experience i n  t he  day t o  day opera t ing  and maintenance 
procedures associ ated w i t h  VKW technology. 

. VKW type waste d isposal  p lan ts  s i t e d  i n  North America w i l l  be cus- 
tom designed t o  s u i t  p r o j e c t  r e l a t e d  waste supply and energy u t i l i z a -  
t i o n  c r i t e r i a ,  as they  have been f o r  a l l  o ther  VKW p ro jec ts .  It i s  i n  
developing the  p r o j e c t  plan, t h a t  the  c a p i t a l  and opera t ing  economics 
are  determined. As i l l u s t r a t e d  i n  the  Goeppingen example, maximum 
u t i  1  i z a t i o n  o f  i n s t a l  l e d  capac i t y  and rnaxir~~um energy product ion w i l l  
c e r t a i n l y  r e s u l t  i n  lowered o v e r a l l  costs. 

Fac tors  such as p l a n t  size, redundancy, auxi 1  i a r y  steaming cap- 
a b i l i t y  and l o c a l  environmental cons t ra in t s  have subs tan t i a l  impact on 
c,api ta l  costs. The need t o  guarantee energy supply, cos t  o f  f u e l  and 
e l e c t r i c i t y ,  and res idue d isposal  method have s i m i l a r '  impacts on 



opera t i ng  costs-. The two key cos t  f a c t o r s  however are r e l a t e d  t o  
equipment, redundancies and energy. u t i  1 i z a t i o n .  

The f i r s t  o f  these fac to rs ,  redundancy, evolves from the  requ i re -  
ment t h a t  t he  f a c i l i t y  always be, capable o f  d ispos ing  o f  a l l  t he  
r e f u s e  as i t  i s  generated. Since no p iece o f  equipment can c la im  100% 
a v a i l a b i l i t y ,  t he  p r o b a b i i t y  o f  component f a i l u r e s  always e x i s t s .  
Depending on the  t ime o f  year and, t he  ex ten t  o f  the  outage, remaining 
u n i t s  on-1 i n e  i n  combinat ion w i t h  some bunker storage can probably  
handle t he  waste f low.  However, i f  the  outage occurs du r i ng  a pe r i od  
o f  peak re fuse  f low, there  are o n l y  two choices; bypass the excess t o  
l a n d f i l l  o r  dispose o f  t he  m a t e r i a l  i n  a stand-by furnace. C l e a r l y  the 
l a t t e r  op t i on  i s  more expensive. 

The second f a c t o r ,  and maybe the  more important  i s  energy u t  i 1 i z a -  
t i o n .  U t i l i z a t i o n  no t  on l y  has t o  do w i t h  the  a p p l i c a t i o n  bu t  a lso 
r e f l e c t s  such issues as condensate r e t u r n  and v a r i a b l e  f l o w  demands o f  
t h e  steam user. These f a c t o r s  impact on cos ts  f o r  purchase o f  water, 
chemicals, poss ib l y  auxi 1 i a r y  fue ls ,  and repayment o f  c a p i t a l  and oper- 
a t i o n s  o f  ex tens ive  water treatment systems and condensers. Even so, 
regard less  o f  t he  design problems t h a t  may be associated w i t h  a steam 
d e l i v e r y  app l i ca t i on ,  steam as an energy o u t l e t  prov ides a much h igher  
energy u t i  1 i zat  i o n  f a c t o r  and revenues than pure e l e c t r i c a l  generat ion.  
A t  u t i l i t y  purchase r a t e s  o f  25 o r  30 m i l s  per Kwh, the  p o t e n t i a l  
revenue per thousand pounds o f  steam i s  $2.50 t o  $3.00. On the  other  
hand, w i t h  low sulphur o i l  as a comparison generated steam i s  worth 
around $7.00 per  thousand pounds. Even i f  re fuse  generated steam i s  
o f f e r e d  a t  a d iscount ,  steam g e n e r a l l y  o f f e r s  t he  h ighes t  income 
p o t e n t i a l  and thus the  best o v e r a l l  economics f o r  the  p r o j e c t .  

BFI be l i eves  t h a t  t he  combination prudent p l a n t  engineer ing and 
proper  energy u t i  1 i z a t i o n  w i  11 r e s u l t  i n  many o p p o r t u n i t i e s  f o r  fa,vor- 
ab le  p r o j e c t  implementation. We a lso  be l i eve  t h a t  p r o j e c t s  should be 
implemented through compet i t i ve  procurements on a t o t a l  serv ice  o r  
chute- to-stack basis .  While some f a c i l i t i e s  are c e r t a i n  t o  be b . u i l t  by 
t h e  l a t t e r  procurement approach, we f e e l  t h a t  t he  i n d u s t r y  t r e n d ' w i l l  
con t inue  t o  be towards t o t a l  serv ice.  A t  t imes t h i s  method may appear 
more d i f f i c u l t  t o  arrange, bu t  i t  o f f e r s  more r a p i d  completibn. The 
e f f e c t  o f  t h i s  should p rov ide  savings ' t o  t he  community a t  large,,  and a 
s i n g l e  source o f  r e s p o n s i b i l i t y .  

' The requirements and c a p a b i l i t i e s  f o r  t o t a l  serv ice  procurements 
are w e l l  represented i n  BFI and i t s  approach t o  p r o j e c t  implementation. 
As s ta ted  e a r l i e r ,  each oppo r tun i t y  w i l l  r e s u l t  i n  the  c r e a t i o n  o f  a 
p r o j e c t  team c o n s i s t i n g  o f  BFI, VKW and a major engineer ing/construc-  
t i 'on f i r m .  The s p e c i f i c  arrangements w i l l  depend upon the  p r o j e c t ' s  
needs. A l l  technology requirements w i l l  be addressed by BFI, w i t h  
suppor t  f rom VKW. P lan t  operat ions w i l l  be c a r r i e d  out by BFI. When 
p r o j e c t  circumstances d i c t a t e  and/or warrant it, BFI i s  a1 so prepared 
. to take  an e q u i t y - p o s i t i o n  o r  f u l l  0wnershi.p. The cond i t i ons  f o r  such 
an investment o f  resources are based s o l e l y  on the  p r o j e c t s  a b i l i t y  t o  
make a f a i r  r e t u r n  on the  co rpo ra t i on ' s  investment. A d d i t i o n a l l y ,  BFI 
recognizes t h e  need t o  make assurances t o  t he  c l i e n t ,  and the  



investment community, on c e r t a i n  aspects o f '  the  p r o j e c t s  performance 
and w i l l  p rov ide  appropr iate warrant ies and guarantees on p r o j e c t ' c o s t ,  
performance and operat ions, provided t h a t  those i tems. are under i t s  
c o n t r o l s .  For example, warrant ies o f  process performance w i  11, o f  
course, be subject  t o  the qua1,ity o f  waste being de l i ve red  as we l l  as 
the  q u a n t i t i e s .  Construct ion cost  guarantees can be o f fe red  on l y  i f  
t h e  p r o j e c t  schedule i s  not  delayed by ou ts ide  forces.  I n  the f i n a l  
ana lys i s  any waste d i sposa l ,  p r o j e c t  i s  a cooperat ive e f f o r t  between 
government and the  supp l i e r  and thus, some r i s k s  must be shared by 
each. 

CONCLUSIONS 

VKW technology i s  a mature, we1 1 proven technology t h a t  has pro- 
v ided so lu t i ons  t o  municipal,  commercial and i n d u s t r i a l  waste d isposal  
problems worldwide. Backed by more than a century o f  experience i n  
engineer ing and manufactur ing grates and b o i l e r s ,  VKW systems have 
gained a r e p u t a t i o n  f o r  d u r a b i l i t y  and low maintenance costs. Ava i l -  
ab le through BFI,' the  North American l icensee, VKW systems technology 
can prov ide  a v i a b l e  a l t e r n a t i v e  s o l u t i o n  t o  many o f  our growing s o l i d  
and l i q u i d  waste d isposal  problems. 
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ABSTRACT , 

Waste. Management, Inc. is one of the world's largest waste 
management services companies and has been a leader in the practical 
devel~pment of resource recovery technologies. Waste Management, Inc. 
holds the North American rights to market, construct, and operate 
System Volund, the Danish-designed, mass combustion waste-to-energy 
technology. Waste Management, Inc. operates as prime contractor for 
System \;lolund in North America, providing rull service contracts which, 
include facility construction, start-up, 'and long term operation, 
supported with full construction and operational guarantees. 

Volund has more than 50 years' experience in the design of waste- 
to-energy systems. Volund plants have operated continuously for over 30 
years, and with more than 75 plants currently operating, System Volund 
is a proven, reliable technology. Because of the flexibility inherent in 
the System's basic design, System Volund can supply high capacity 
systems to serve major urban areas and can be effectively scaled down to  
provide smaller capacity systems to serve smaller' communities or 
portions of major urban areas. This provides added flexibility in securing 
energy customers and in adapting the system to available quantities of 
waste. Energy recovered from waste can be produced in the form of 
steam or electrical power. With many plants experiencing better than 85 
percent availablllty, Sysler.rl Volund has a distinguished record of reliable 
operat ion. 



, WASTE MANAGEMENT'S ROLE IN SYSTEM DELIVERY 
Mr. Harold Gershowitz 

&& ex&, 
This afternoon I shall describe Waste Management, Inc., our involvement with 

various resource recovery technologies, and particularly our commitment to the . 
Danish-designed mass combustion technology, System Volund. My colleagues, Mr. Odd 
Gi lbu, Superintendent of the Volund West Plant in Copenhagen, Denmark, and 
Mr. Gunnar Kjaer, President of Volund U.S.A. Ltd., will describe 'in detail the history, 
design, and operation of System Volund. 

Waste Management, Inc. 

Waste Management, Inc. is, as our name clearly suggests, a company dedicated to 
the orderly and complete management of society's waste materials. As one of the 
world's leading waste management services companies, Waste Management provides a 
broad range of municipal, commercial, and chemical waste management services in the 
United States; Canada,. and abroad. Since our incorporation as a publicly held entity in 
1971, Waste Management has, we believe, developed a reputation as a financially 
strong and stable enterprise, one that is well-managed, innovative., and i n .  many 
respects, rather aggressive. Three months ago our corporate debt was upgraded to ''A1' 
by Moody's and by Standard & Poors, and our revenue and earnings growth over the 
past several years has out-paced our industry as well as industry in general. Waste 
Management sales will exceed one-half billion dollars in 1980, and we anticipate 
reaching the one billion dollar mark well before this decade reaches its midpoint. The 
company is owned by more than 6,000 individual shareholders, and our stock is traded 
daily on the New York Stock Exchange. We believe we are clearly one of those 
companies that brings strong financial credentials and strong management acumen to 
the American resource recovery marketplace. 

Resource Recovery Experience 

Waste Management was among the first to.realize that waste can be a resource 
and not merely a worthless but costly by-product of our society's growth. We believe 
that resource recovery is a logical extension of our basic business and of our bas,ic . 
experience. This is not a new notion.at Waste Management. To the contrary, there 
has not been a period in our history that has not invdlved a commitment to resource 
recovery. 

As an example, in the late 1 9501s, Waste Management's founders constructed and 
operated in suburban Chicago, Illinois what was at that time the nation's largest 
privately owned and operated waste-to-energy facility. This waste-to-energy facility, 
which after nearly 20 years of continuous operation was converted to a waste transfer 
center, was rated at  500 tons per day. The plant was equipped with twin' 250-ton 

Volund rotary kiln furnaces, and incorporated both energy and ferrous metal recovery 
systems. Energy recovered as steam was sold to a neighboring industry, and recovered 
ferrous was sold to the residual metals market as market conditions warranted. The 
operation of this facility provided Waste Management.with extensive experience with 
steam recovery and a thorough familiarization with System Volund. 



Waste Management-also engineered, constructed, and currently operates under 
long-term contract with the City of New Orleans, the 650-ton-per-day Recovery I 
facility. Recovery I receives approximately one-half of New Orleans' municipally 
collected solid wastes, shreds the material into small particles, recovers ferrous 
metals in the waste stream, and disposes of non-recoverable shredded residue in an 
adjacent landfill. Glass and aluminum recovery development efforts are continuing in 
cooperation with the City of New Orleans and its resource recovery consultant, the 
Washington, D.C.-based National Center for Resource Recovery. Also continuing are 
technical and market development efforts to secure use of the shredded organ,ic waste 
fraction as refuse-der ived fuel. Operation of Recovery I has given Waste Management 
extensive practical f ront-end operating experience in the processing of municipal 
waste. 

Another developmental technology is the conversion of waste directly to fuel- 
grade gas. Waste Management was selected by the United States Department of 
Energy in 1975 to construct and operate a proof-of-concept solid waste gasification 
plant. This gasification plant, known as RefCOM, is the nation's first large-scale 
experimental facility for converting solid waste and sewage sludge to clean-burning 
methane gas. Located in Pompano Beach, Florida, RefCOM is supplied with 100 tons 
per day of processed solid waste from Waste Management's adjacent 1,400-ton-per-day 
Solid Waste Reduction Center. The RefCOM demonstration is providing basic data on 
the quantity and quality of gas g e n e r w t h e  process, and also evaluation of design 
and operating parameters. 

Our Solid Waste Reduction Center in Pompano Beach and our joint effort with' 
Getty Synthetic Fuels to extract, purify, and market landfill gas represent other 
interesting aspects of our involvement in the resource recovery field. 

Thus, it can be seen that Waste Management's background and experience differs 
significantly from that of many other companies involved in resource recovery. Our 
extensive expe-rience with the basic resource - waste - and our experience with 
developing systems and, technologies that can be used to manage and recover this 
resource, provide us we feel, with a meaningful understanding of the processes that 

(' can be used to implement viable resource recovery systems. 

System Delivery ...*- 

Our operational experience withithe various resource recovery technologies has 
convinced us that the most workable resource recovery technology is the mass 
combustion, waste-to-energy process. Waste Management resolved to acquire this 
capability, and in 1978 secured the exclusive North American rights to market, 
construct, and operate System Volund. Waste Management is committed to System 
Volund because we are familiar with the system and because it is' a proven, workable 
technology which we can market with confidence to North American communities. 

.In our role as prime contractor 'for System Volund in North America, we will 
provide full-service contracts which include facil ity construction, start-up, and long- 
term operation, supported with appropriate construction and operational guarantees. 

Waste Management also has the. capability to provide complete system 
integration, including waste disposal support activities such as waste transfer and land 
disposal. Often overlooked in planning waste-to-energy systems is the requirement for 



well-planned and well-designed landf,ill capacity to handle incinerator residue and non- 
combustible refuse. Also, waste transfer stations may be required to efficiently 
handle the waste stream. 

It must be remembered that resource recovery facilities are not only energy 
producing power plants, but also waste disposal systems which provide a needed service 
to the community. If this waste disposal function is interrupted, not only does a 
required community service stop, but a potential health hazard is created. Proper 
planning of the entire system is required, a capability for which Waste Management 
has unique credentials. 

We are actively pursuing several project opportunities at this time. Some of 
these ,have come through our response to Requests for Proposals. Requests for 
Proposals are a'good source of Volund opportunities in those instances where the 
issuing agency has done its homework and is, in fact, prepared to move forward with 
project implementation. 

In other instances, we are working with communities to help them develop waste- 
to-energy systems. We are often in a good position to assist with such projects 
because of our participation in the community's waste collection or disposal 
operat ions. .+ 

, . '- .d 

Waste Management, Inc. and Volund Denmark are both principals of 'Volund - , '  

U..S.A. Ltd. which is represented here today by its President, Mr. Gunnar Kjaer. 
Volund U.S.A. Ltd. is headquartered in Oak Brook, Illinois, and was established to 
facilitate technology transfer from Europe to the North American marketplace. 

Volund U.S.A. Ltd. will help assure that the Volund system is responsive to the 
conditions of 'the North American market. It has a professional engineering staff in its 
'own right, but will draw upon engineering experience from Volund.Denmark as well. 
Volund U.S.A. Ltd. is also establishing relationships with reliable domestic equipment -. 
suppliers so that North American equipment wil l  be used to the greatest extent - 
possible. 

Waste ,Management's Engineering Department enjoys unique experience in the 
delivery of a wide variety of solid waste facilities and, when appropriate, we have also 
teamed with the nation's leading A & E and construction management organizations for 
projects involving major facil ity construction. For example, we worked with Bechtel 
and J.A. Jones in developing our extensive facil ity in Saudi Arabia and we have been 
working with the Boeing Company through Boeing Engineering and Construction on 
various resource recovery projectsunder development here in the United States. 



SYSTEM VOLUND TECHNOLOGY 
Mr. Gunnar Kjaer 
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The Volund Group && ~ L - A ,  be. 
The Volund Group of Copenhagen, Denmark consists of several wholly owned 

subsidiaries involved primarily in environmental and energy technology. Volund has 
had 'a' rnajor role in Denmark's achievements in energy recovery from solid wastes. 
Denmark leads the world in the utilization of its solid wastes with more than '65% of 
its wastes being incinerated in ,energy recovery plants, the majority of which were 
designed and suppled by Volund. 

Throughout its 100-year history, the Volund Company has been distinguished by 
its commitment to energy and energy-related systems and products and its active role 
in the solution of environmental problems associated with waste disposal. Of its 
current I I divisions, seven are directly involved with energy and the environment, and 
the majority of the 2,200 people in the.Group work for these divisions. 

Energy-Related Activity 

Volund's Energy Technology and Heat Technology Divisions are widely recognized 
for their expertise in the design, production, and erection of boilers for residential, 
utility, and industrial use. Both divisions also are engaged in the development and 
design of alternative energy supplies, including fluidized bed incineration techniques 
and heat pump systems, and in continuous research toward the improvement of , 

traditional methods with respect to environmental concerns and combustion eff icien- 
cies. 

The Energy Technology Division last year completed the largest fossil-fired 
power station boiler plant in Scandinavia, rated at 1,950 tonnes of steam per hour (4.3 
million pounds/hour) with an electric power output of 630 MW. It was designed, 
manufactured, and erected under a turnkey contract. . Under the same type of 
contract, two large fossil fuel and wood waste-fired boilers were supplied to an 
industrial plant in East Germany. Presently, two large bagasse-fired steam boilers for 
a sugar refinery in Vietnam are under construction. 

The Energy Technology Division has specialized in the combustion of low grade 
solid fuels, utilizing its own traveling grate for this purpose. 

The Division also includes In i l s  operation the supply af dynamic and 
electrostatic filters for removal of solid particles in gases and of carbon filters and 
scrubber plants for removal of odors from air. 

The Steel Construction Division is heavily involved in fabrication and erection of 
steel constructions for the off-shore oi l  and gas drilling industry in the North Sea. I t  
-ecently completed a helicopter platform for a North Sea oil drilling r ig in nine weeks 
rom design to final installation. . 



The Steel Construction Division is the laigest Danish manufacturer of prefab 
steel chimney stacks, and is also a major manufacturer of electro-hydraulic grapples 
for transport of refuse, clinker, clay, sand, etc. 

Krol l  Kraner AIS is a highly specialized manufacturer of .tower cranes. These 
are mainly used in the building and construction industry, in shipyards and on docks. 

However, the world's largest crane of this type was supplied to the energy 
industry.. The crane, delivered 1% years ago, is used for .the construction of Forked 
River .Nuclear Power Station, U.S.A. The crane will l i f t  264 kips on an arm of ,269 feet 
to a height of 270 feet. 

Volund's Mechanical Services Division also participates in the Group's 
energylenvironment activities through the marketing of conveying systems for refuse 
and processed wastes, and the fabrication and installation of piping for uti l i ty power 
stations, incineration plants and large district heating works, including all of the work 
for Copenhagen's district heating main network. 

Finally, the Glass Fibre Division is becoming increasingly engaged in the 
development and manufacture of glass fibre reinforced wings for the large windmills 
being installed in Denmark to generate energy from alternative energy sources. ,<:a," 

\ 

Other Activities 

Other Volund Divisions in Denmark manufacture domestic appliances, laundry 
' ' equipment for industrial, institutional and marine use. 

Activities Abroad 

Volund has subsidiaries or financial interests in companies in Sweden, West 
Germany, France, United Kingdom, Singapore and the U.S.A. . 

Incineration - Energy Recovery 

Through its Environmental Division, Volund is one of the world's most 
experienced. companies in the design, construction, and instal lation of solid waste 
incinerators with energy recovery. The Environmental Division develops and produces 
systems for the incineration of solid, liquid, and chemical wastes and sewage sludge, 
combining the disposal of these wastes with energy production as appropriate. 

The world's first continuous-flow incinerators were designed andainstalled by the 
Volund Company in Denmark in 193 1 and 1932 in the Copenhagen Boroughs of Gentofte 
and Frederiksberg.' Both of these plants made use 'of the heat released by the 
incineration of refuse. In Gentofte, electricity was generated and in Frederiksberg 
st,eam was supplied to the town's district heating scheme. Both plants operated until 
197 1 when ,they were replaced by two large incinerators serving the total Copenhagen 

area. 'These .plants, Copenhagen West, which Mr. Odd Gilbu will later describe, and 
Copenhagen Amager, were also designed and manufactured by Volund. They both use 
the waste incineration process to supply the surrounding area with part of its energy 
needs. 

The Environmental Division of A/S Volund, Denmark is purely an engineering 
d-ivision without any manufacturing facilities of its own. It is, as such, very flexible to  



nove into far away export markets, where the cost of transportation is prohibitive for 
.ieavy manufactured goods. 

The process' technology developed by the Volund Environmental Division has been 
refined over a period of more than 50 years. The modern System Volund process for 
"Mass Burning With Energy Recovery" is thus backed by solid expertise and experience 
at the point of its introduction into the North American market. 

' 

The Volund technology has formed the basis for a world-wide network of license 
arrangements and, over the years, more than 100 System Volund incineration plants 
have been built all over the world, handling the refuse from cities with a total 
population of close to 30 mil lion people. Plants are in operation under a wide range of 
climatic and socioeconomic conditions, in the Western industrial world as well as in the 
Orient, from the Arctics of northern Scandinavia to the tropics of Thailand. 

During the past two years, more than a dozen Volund mass burning systems have 
been installed in five countries and an additional' I S  are under construction, most of 
which are designed for the production of steam for heating, process manufacturing, or 
electrical'generation, or superheated water. Plant sizes range from 50 tonnes per day 
(55 tonslday) to 1,260 tonnes per day (1,390 tonslday) with unit sizes installed up to 
420 tonnes per day (460 tonslday) and developed in sizes up to 500 tonnes per day (550 b 

tonslday). 

Most Volund plants in Europe and the Orient have been installed following 
competitive bidding. In most cases, the contract has incl~~ded design, manufacture, 
and erection of the total plant with additional involvement in building design and 
supervision of construction. In .other cases, building and site development have been 
included with the plant design, supply, and erection in a Volund turnkey contract. 

Volund USA Ltd. :':: t 

I d .  ... 

A/S Volund of Denmark had been. represented in the U.S.A. beginning in 1940 
when a license agreement was originally signed with the American subsidiary of the 
Danish F. L. Smidth Company. A total of I I plants were built in the United States by 
a licensee organization formed by F. L. Smidth and the Hardaway Construction 
Company. These plants were built to  achieve maximum volume reduction of the refuse 
at the lowest possible cost. Energy was cheap and abur~drjllt in +hi3 period and air . 
pollution standards were non-existent and, therefore, l i t t le consideration was given to 
either energy recovery or pollution control equipment by the licensee. , Communication . 

I 

between Volund and the licensee was impossible during the first part of the license 
agreement because of the war, and very, limited during later years when the licensee 
marketed their own "off the shelf" design without consultation with Volund. 

As a result of this, Volund severed the connection when .Itit: ugreement expired in 
the mid-Seventies, ,and started looking for a new partner. 

Changes in environmental legislation in the early Seventies made the type of 
incinerators formerly installed in the U.S.A. obsolete, but at the same time offered 
new opportunities for the modern Volund technology. 

Volund LISA Ltd. has been formed to exploit these new opportunities. The 
Impany became operational in the Spring of 1 979. 



Volund USA Ltd. is responsible for transfer of technology from Denmark to North 
America and it is currently building up its staff to enable it to design,. engineer, and 
supply al l  equipment fo i  major incineration plants with resource recovery. Waste 
Management, Inc. has the right to market, construct,-and operate these plants in the 
North American market. 

Another responsibility of Volund USA Ltd. is to adapt Volund design to the 
special conditions of the North American market. This includes finding North 
American suppliers and subcontractors for the different components and equipment 
needed to  construct a modern waste burning facility. It also involves an adaption to 
U.S. .and Canadian standards for pollution control, equipment and plant specification, 
etc. Finally, it will allow us to provide a feedback to the Danish company which will 
enable to  keep up with the changes in the North American waste and environmental 
situation. 

For equipment supply, we shall, for some time, continue to buy a few special or 
proprietary components from Europe, but the emphasis is on using North American . 
equipment built to our specifications to the largest possible extent. We expect North 
American components to exceed 85% of the total in the first plant and to be increased , 

in subsequent plants. 

Plant Design and Technology h ~ . .  

Disposal of refuse by incineration relies mainly on two technologies: Mechanical . 
- .  Handling and Combustion Technology. The modern incinerator will operate on a 24- : 

hour day, seven-days-per-week basis. It wi l l therefore need storage facilities for the 
'lfuelll needed during the weekend, when refuse collect.ion does not take place. For a 
large incinerator, the necessary storage required is several thousand cubic yards, 
taking into account? density o f  the refuse as off-loaded of about 5 cubic yards to a , 

, 

short ton (250 kg/m ). As shown in Figure I, the storage facil ity required is normally , 

arranged in the form o f  a refuse pit. The refuse trucks will t ip their load into the .;, 
'. refuse pit from where it' will be lifted by overhead cranes and fed into the receiving 

hopper of the refuse-burning furnaces. This whole area, including the tipping area, is 
enclosed and the combustion air necessary for the furnaces is taken from this part of 
the building. This maintains a slight underpressure which prevents 'odor and dust from 
spreading outside the building enclosure. 

The refuse is gravity fed from the hopper through a chute into the furnace. The 
furnace walls are refractory-lined in order to  maintain a high and constant 
temperature in the furnace chamber. A mechanical, reciprocating grate moves the 
refuse forward and at the same time agitates it.and breaks up the larger parts. The 
combustion grates will normally be divided into three sections arranged in steps. On 
these sections the refuse wil l  dry out, ignite, and burn. In large furnaces, the last 
grate section is followed by a rotary kiln which increases the residence time of the 
refuse from approximately I hour up to  2-4 hours, thus ensuring a very thorough burn- 
out of  the residues. Once the combustign prosess is stgrted, Jhe furnace temperature 
wi l l  be maintained at approximately 950 - 1025 C ( 1  750 - 1900 F). With today's refuse, 
these temperatures can easily be maintained without the need for any auxiliary fuel. 

Our design incorporates a separate, fully refractory-lined furnace. The heavy 
refractory lining in the walls will sustain a constant temperature in the furnace 
chamber under conditions of varying refuse heat values. This allows the furnace t c  
maintain the proper combustion temperature even when difficult-to-burn refuse! 



owing to high moisture or ash content, is fed into the furnace. The refractory walls, 
by releasing some of their absorbed heat, will keep the process going. 

L 

The result is the maximization of volume reduction and a residue with a 
minimum content of putrescible matter and unburned carbon. 

FurnaceIBoiler Design 

The advantages and disadvantages of waterwal I-cooled incinerators compared 
with refractory-lined incinerators has been debated in Europe for nearly two decades. 
Prior to the late Fifties, refuse incineration furnaces were, as a matter of course, built 
with refractory-lined walls. It was widely accepted that the primary purpose of the 
refuse incinerator was to dispose of refuse. That refuse incineration is best 
accomplished in a refructory lined furnace has never been disputed. 

Around 1 960, incinerator designs incorporating integrated boi lerlfurnaces with 
unlined water tube cooled steel walls were introduced in an attempt to achieve a 
higher theoretical fuel-to-energy efficiency. These designs have been known as 
waterwall'- incinerators and were installed in large numbers through the Sixties and 
Seventies by several incinerator manufacturers. 

Volund and others have continued to give priority to high reliability and 
maximum burn-out because we see the mass burning plants as primarily a means of 
disposing of the daily amount of refuse. Therefore, Volund stil l maintains a design u 

incorporating a refractory-lined incinerator with a separate boiler unit. 

Volund is a major manufacturer of waste and fossil fuel-fired waterwall boilers 
for industrial and uti l i ty use with experience from boilers with steam outputs up to 4.4 . '- 
million Ibs/hr (2,000 tonneslhr). Volund was also, for a long time, the only company in - .  

Europe with in-house experience in both boiler design and manufacture, as well as in )* 

incinerator design and manufacture. As such, we were fully aware of the possibilities 
and problems inherent in energy recovery from waste,. and we were and are of the 
opinion that the integrated waterwall boiler design is not the best possible solution to 
this problem. . 

Early waterwall boiler designs were based on experience gained from boilers for 
conventional solid fuels rather than on experience with solid waste. Thus, we find that 
these designs tend to reflect only traditional boiler design requirements such as: 

- High efficiency 
, . 

- High pressure stability, .i.e., the ability to withstand the required static 
pressure on-the waterlsteam side with minimum use of material in boiler 
tube wal.ls. 

- Good steam quality without water droplets. 

While these design goals are highly commendable, they are not sufficient for the 
design of refuse incineration furnaces. Only rarely was adequate consideration given 
to the inherent properties of solid waste and the special thermal conditions applicable 
to  its incineration. This became even more evident as larger incinerator units were 

uilt which began to approach the size of small ut i l i ty boilers. 



Serious corrosion problems have plagued many of these systems, along with 
problems resulting from slagging and sintering of ash and clinker on the boiler surface 
after only a few years of operation. 

The most dangerous hazards to incinerator reliability occur on the gas side of the 
furnace-boiler system and is scheduled below: 

- Fluctuating Gas Atmosphere 
- Fouling 
- Erosion 
- Dew Point Corrosion 
- High Temperature Corrosion 

Dew point corrosion in plants with heat utilization is  rare in boilers and ill 
auxiliary equipment, i.e., gas ducts, electrostatic precipitators and I.D. fans, since 
exhaust gas temperature can easily be maintained well above the dew point 
temperature. 

High temperature corrosion, on the other hand, presents a serious threat to the 
availability and also to the operational efficiency of the plant. 

* V. 

The reasons for high temperature corrosion are, today, well understood and it is ;J 
generally agreed that the following conditions should be avoided: 

- The presence of local streaks of incompletely burned gases in the gas 
passages of the boiler. 

- Boi gr wall temperatures (metal temperatures) exceeding 350-400'~ (650- 
750 F). (See Figure 2) 

? - The presence of a layer of f lyash or clinker in CI melting phase oil Ille boller .:*. 
surface. 

~ o r i e  investigations indicate that the most dangerous conditions are caused when 
incompletely burned-out gases come in contact with the boiler walls, thereby causing 

' 

fluctuation' between oxidizing and reducing atmospheres in the presence of high 
terriperatures and corrosive gases. 

The occurence of melting tem'peratures'in the flyash and clinker layer, too, is 
often caused by this local combustion of unburned 'gases raising .the temperature 
loc,ally above the melting point. . 

It is, therefore, irnFortan't to avoid the streaks of reducing atmosphere in the 
boiler. This problem must be solved .before the gas reaches the boiler rather than in 
the boiler itself. . 

Despite all efforts to mix the waste properly before it is fired into the.fu'rnace, 
waste remains a very heterogeneous fuel which burns with varying velocities'and 
oxygen requirements. Therefore, local streaks of unburned gases with high carbon 
monoxide content, as well as temperature fluctuations, wil l  occur immediately above 
the grate, despite the presence of excess air. These conditions are further promoted 
by the very wide grate areas necessary in high capacity incinerators. 

, 



The combustion gases must be retained in the combustion zone long enough to 
ensure that the gases are completely burned out and properly mixed so that b 
homogeneous oxidizing atmosphere is created prior to the gases entering the boiler. 

Volund's two-way gas system and the special after-burn chamber allows the time, 
temperature, and turbulence necessary for complete combustion of,  the gases before 
they enter the boiler (without any need for auxiliary fuel). 

The flyash particles consist mainly of easily meltable clinker which remain. soft 
down to a temperature of approximately 600 '~  ( I  100'~). Even after the sufcice of the 
flyash particles is cooled below that temperature, the center remains soft for some ' 

time, increasing the risk of the particles sticking to the. boiler surface when they 
flatten on impact. 

The degree of clinker slagging and sintering is often the decisive factor in 
determining when an incinerator must be taken out of operation for maintenance. 
Therefore, it is important that flyash particles are burned out completely and are 
effectively cooled down before entering the convection part of the boiler, where the 
boiler tubes are positioned. 

The first objective is achieved in the after-burn chamber. The second is met by' 
designing the gas passages to allow sufficient time in the radiation zone of the boiler . .-: 
(Figure 3). These objectives, we believe, are best achieved through a design ..: ,, 

- incorporating a separate furnace and boiler. 

Boiler Conditions 

The steam pressure and temperature that can be obtained in the refuse burning .- 

plant is a,function of the feed water pump pressure and the superheater design and is 
not, as sometimes suggested, a result of whether the incinerator is designed as a 
waterwall incinerator or as a separate furnace with a tail-end boiler. 

Combustion temperatures in,. all major waste burning systems are of the same , 

magnitude and, in every case, the design combustion temperatures give ample margin 
to choose much higher steam temperatures than those customarily used in waste 
hi-~rning. 

The steam temperatures, which may prudently be designed for, are a function of 
the refuse composition and the resulting gas composition which may beomor%or less 
corrosive. Increasing .steam temperatures beyond 3 5 0 ~ - 3 7 5 ~ ~  (650 -700 F) add 
unnecessary risks to the refuse burning process without significantly improving the 
waste-to-energy efficiency. 

When steam is generated for process or heating purposes only, there is no 
advantnge gained from increasing steam temperatures unless specific processes 
demand a higher. temperature. 

If  electricity is generated in a fully condensing turbine, the total c cle efficiency J may gain about one percentage point by raising steam temperatures 55 C (IOOOF), but 
at the cost of considerable operational risks. !n the case of co-generation in 
backpressure turbines, total energy gain does not improve at all by increasing the 
team temperature. 



The early Volund plant in Aarhus, Denmark,. ogeratedofrom 1934 to 1955, I 
producing steam at 30 bar (445 psi) superheated to 425 C (797 F) as required by the 
customer, which was the adjacent power station. Refuse, in those days, however, 
contained 'more ash from residential coke and coal-fired furnaces and was generally 
less aggressive than today.. 

ID 

Modern refuse has a high plastic content, a part of which is PVC that forms 
hydrogen chloride in the combustion process. Hydrogen .chloride also derives from 
various other constituents in the refuse whereas sulfur connections are more scarce. 

Hydrogen chloride is the most aggressive element in the incinerator gases and 
the most dangerous in respect to corrosion of the boiler walls and superheater 'tubes.' 
The attached graph (Reference Figure 2) shows the relationship between boiler tube 
temperature and corrosion rates. Svperheoter tube temperature is I-lorrnally about 5 5 ' ~  
( I  0 0 " ~ )  higher than the temperature of the superheated steam. Based on this evidence 
and on the Volund design philosophy, which gives priority to high reliability, we feel 
that our customers are best served by maintaining. steam temperatures below 
approximately 3 5 0 ~ - 3 7 5 ~ ~  ( 6 5 0 ~ - 7 0 0 ~ ~ ) .  However, i f  conditions so require, our design 
allows us t o  go to  higher steam temperatures. 

Rotary Ki ln and Residue Treatment $ - 
'4 - 

The rotary kiln has been a significant part of the Volund furnace design since the 
first plant was installed in Gentofte in the late 20's. The rotary kiln serves as the last 
part of the grate. in the larger plants, but is not normally economically justified for 
smaller plants, say below 5-6 tons per hour capacity. The reasons for installing the 
rotary kiln are as valid today as they were 50 years ago. The rotary kiln provides a 
very high degree of flexibility and, thus, allows the plant to handle refuse of widely 
varying compositions and heat values. The kiln increases the residence time of the 
refuse in the furnace system up towards 2-4 hours compared with 45-60 minutes for a --f 

typical incinerator with grate systems only. During this period, the final burn-out of .?:.. 
, U*. the residue takes place under a very active agitation. This results in an extremely 

good burn-out of the residues with hardly any unburned carbon or putrescible material 
* in the residue. The process, furthermore, produces a residue in the form of a sintered 
d 

homogeneous clinker, in which heavy metals are bound in nonsoluble compounds. The 
Danish Environmental Protection Agency, consequently, has concluded that clinker 
from Volund rotary kiln incinerators may be deposited without any special precautions 
in the form of impermeable layers of clay or plastic sheets in the bottom of the 
deposit area. 

As a result, several large Volund incineration plants have been f i t ted with a 
residue treatment plant for the incinerator residues. The volume of the residue has 
.already been reduced in the incineration process to  approximately 5% compared to 
that of the waste received. ,By residue treatment, the amount which needs to be , 

landf il led is further reduced.. 

Through screening, all material over two inches is retained. The remainder 
passes under a magnet which separates the ferrous metals. The non-ferrous clinker is 
finally separated into a coarse fraction (%If to  2") and a fine fraction (under %ll). 

'The ferrous metal (approximatley 15%) i; sold as scrap metal. 

The coarse clinker (approximately 65%) is sold as hardcore and road foundation 
material. 



The fine fraction including the flyash (approximately 15%) is sold for use as 
aggregate in the production of concrete slabs, curbstones, etc. 

Only the oversize material will have to be finally disposed of in a landfill and th.is 
part represents only approximately 5% of the residue or I-l h% of the refuse originally 
delivered to the plant. 

Pollution Control 

The gas temperature in the Volund incinerator is maintained at 900°-~0000~ 
( 1650'- 1830'~). . This effectively k i l  Is all odors in the gases before they are emitted to 
the atmosphere. 

The Volund design, incorporating flue gas recirculation, further lends itself to  
maintaining an even combustion. temperature throughout the furnace system, avoiding 
temperature peaks and thus reducing the formation of NOx. 

Volund plants are designed to meet all local air pollution control requirements. 
' 

Particulate matter is the predominant potential pollutant from refuse combustion. 
Adequate particulate matter emission control has to date been achieved by the 
installation of electrostatic precipitators. We are of the opinion that the electrostatic 
precipitator presently represents the only proven technology for highly efficient 
particulate matter control. 

Gaseous emission from a well designed and operated incinerator for municipal 
solid waste does not represent a serious pollution problem compared to many other 
pol.lution sources such as fossil fuel-burning plants, automobiles, industries, etc. 

.v . 
In most instances, the cost of control equipment for gaseous emission is not - 

just i f  ied for environmental reasons. In already heavily pol luted areas, pollution control . -. 
equipment for gaseous emission may, however, be required. Pollution control -< 

equipment in the form of gas scrubbers is available for this purpose and has been 
installed in several Volund plants in Japan. 

Plant Operation Control 

Centralized plant control is a common feature in the modern Volund incineration 
plant. Remote control of the refuse crane(s) from the central control room, using 
semi-automatic cranes monitored by closed-circuit television, offers the advantage of 
more consistent furnace loads. This optimizes plant throughput and wil l  also reduce 
maintenance costs. An added benefit is the possibility of reducing operating personnel. 

Building Design 

Refuse burning plants in Europe often provide energy in the form of superheated 
water (or steam) to the extensive district heating systems in the towns and cities. 
Because of this, the refuse burning plant is often located centrally in the town -- often 
on the outskirts of a residential area. This has created high standards of building 
design for this type of plant, and often considerably higher construction costs than 
required i f  a plant is situated in a remote industrial area. 



In North America, such high standards of building design may not. be required. In 
these instances, building design can be adopted to meet local requirements, with 
substantial savings in plant construction costs possible. 

Plant Reliability 

, The Volund mass burning system has evolved and been improved over the years as 
have other technologies. It has operated successfully through the depression years of - 

the Thirties, the lean World War I1 years, the affluent Fifties, Sixties, and Seventies, . 

and is serving eff iciently, in the energy-conscious Eighties. Some of the early plants 
were in continuous operation for more than 40 years producing electricity and steam 
for their cornmunit ies. 

Plant reliability an'd availability has,,as a rule been of the order of approximately 
85% depending upon availability of refuse. One of the fwo large Copenhagen plants 
last year operated at over 86% availability and other Volund plants have, on an annual 
basis, handled as much as 120% of their nameplate capacity. 

It is a thoroughly proven technology that we are now introducing in the North 
American market. 



SYSTEM VOLUND OPERATION 
I/S VESTFORBRAENDING 

Mr. Odd Gilbu 

In  enm mark, it has been a general rule that the coll~ction, transport, and disposal 
of waste is the responsibility of each municipality. The collection and transport is 
handled either by a municipal service organization or through local private enterprise. 

Because of scarcity of landfill area in Denmark,: the disposal has been carried out 
mainly by incineration with energy recovery, and this is .rather complicated to handle 
for the single municipality. It has, therefore, been a normal practice that 
municipalities cooperate by establishing independent joint companies to take over the 
disposal responsibility by building, financing, and operating incineration plants. 

Ownership 

I/S Vestforbraending is such a company, formed and owned by 12 municipalities: 
Ballerup, Birkerod, Farum, Gentofte, Gladsaxe, Giostrup, Harley, Hillerod, Kobenhavn, 
Nedre Smorum, Lyngby-Tarbaek, Rodovre. 

Locat ion 

The plant of I /S Vestforbraending is centrally located in the area it is serving, 
and also near the main roads, giving easy access t o  the plant. The area served has 
600,000 inhabitants and contains a large number of diverse light industries. 

Waste Quantity 

During one .year, approximately 365,000 tonnes (400,000 tons) of waste are 
generated in the area and transported to the plant. Approximately 15,000 tonnes of 
domestic waste is transferred to other incineration plants in order to utilize their full 
capacity for the production of district heating. The remaining 350,000 tonnes (385,000 
tons) can be divided into 'two main groups: 

Domestic Refuse 22 1 ,000 Tonnes ( 243,000 Tonslyear ) 
Industrial Waste 1 29,000 Tonnes ( 142,000 Tonslyear ) 

Total 350,000 Tonnes (385,000 Tonslyear) 

Reception 

At the reception stage, the wastes are divided into two streams.. The domestic 
waste, as well as the light industrial waste, goes directly into the refuse pits, while al l  

. bulky waste goes to a crusher or shear, reducing the, waste to a maximum size of 3 x 3 .  
feet. 

1 



Three of the 12 mu~icipalit ies served by I/S Vest lncineration collect the refuse, 
separately at the households in the following categories: 

- Household ref.use 
- Bottles 
- Paperlcardboard 
- lron 
- Bulkywaste 

Incineration Plant 

The incineration plant consists of  three furnaces of 288 tonnes per day per line 
. and one furnace of 336 tonnes per day. These are the nominal capacities. 

, In the daily operation, the plant operates an average of 3 x 330 tonnes per day 
and I x 385 tonnes per day. In this way, our plant has more than enough capacity to 
treat the 350,000 tonnes (385,000 tons) of waste per year with only three units in 
operation. 

Heat Recovery . . . 
. . 

i,.. ,A' 

Though the main function of the .plant is refuse treatment, the heat recovery  has;^.' 
become an increasingly important part of our activities. The heat is recovered in 
pressurized hot-water boilers and utilized in a district heating system which is made up 
of two distribution areas. 

Today, approximately 210,000 MWH (720,000 million BTU) are sold in the . 
Northern distribution area annually. Within a few years, the Western distribution area 
wil l be totally extended, enabling us to  sell approximately 470,000 MWHlyear 
( 1,400,000 mil lion BTUIyear). 

Residue 'Treatment 

The residue from the incineration process - the clinker - contains up to 10-15% 
iron. 

Normally, the clinker will be. disposed of in a landfill.. Through intensive 
research, we have been able to get approval from the authorities to utilize the coarse 
clinker as foundation material for parking lots, roads, etc., and the fine clinker as base 
material in production of concrete products. 

After a storage time of 24 hours in the clinker silo, the raw clinker is separuted 
intot 

- Fine clinker, Grain Size 0- 5 mm (0.0-0.2 inch) 
- Coarse Clinker, Grain Size 5-50 rnm . (0.2-2.0 inch) , 

- and lron . 

We produce annually about 88,000 tons 0-f raw clinker, approximately 16,000 tons 
of iron, approximately 66,000 tons of coarse clinker, and approximately 6,000 tons fine 
clinker, all o f  which is sold. 



Landf il l 

In spite of the sale of certain residues, it is necessary to operate. a sanitary 
'landfill in connec'tion with the incineration plant in order to dispose of a number of 
waste types, such as building waste, flyash, sludge, etc. 

It is evident that the size of the necessary landfill is vdry much depengent on the 
possibilities to utilize the residues from the incineration. Our landfill has a capacity 
of  approximately 180,000 to 230,000 tonnes, which should be compared to the amount 
of waste we are treating. We expect to have landfill capacity for approximately five 
to seven yea.rs. 

Orqanizat ion 

As you will see, we are not only a refuse treatment facility, but also a district 
heating station and a material recovery facility, al l  operated on an independent basis. 

Our management must, therefore, maintain all external and internal affairs such 
as general reports, budget, estimates, accounting, sales work, staff management; etc., 
and our operational staff has to operate and maintain the incinerator plant, the district 
heating facility, the separate collection system, the clinker treatment system, and the 
sanitary landfill. In total, we have the following number of employees: 

Management 14 6 

Operation staff 30 
Maintenance 27 
Reception of Waste 12 
Clinker Separation 4 
Sanitary Landfill 3 ', . 
District Heating - 8 

98 Total 

The staff involved with incineration accounts for: 

Management 9 persons 
Operat ion 30 persons 

. Maintenance 20 persons : 
Reception 8 persons 
Clinker separation .. 4 persons 

Total 71 persons 

At a normal eight hours duty, the direct plant operating personnel accounts for: 

Mechanical Engineer 
Furnace Attendant 
Boiler Attendant 
Crane Operator 

I person , . 

I person 
I person 
2 persons 

Total 5 persons 

b 
"ecause of Danish limitations on working hours, holiday requirements, sick leave, etc., 
six full crews have to be allowed for to  operate the plant continuously. 



Planninq of Operation 

I/S Vest Incinerator hos two main objectives: 

- to dispose of waste; 
- to produce and deliver energy. 

Our planning must, therefore, pay regard to both these objectives which 
sometimes causes some difficulties. 

The amount of waste delivered to the plant and the. amount of energy produced 
does not correspond to the amount of energy which can be sold. The refuse quantities 
in  the summertime a're Iorger than the annual uveruye, whereas the district heating 
system energy demand is considerably lower in the summertime thar.1 the annual 
average. The annual plant operations plan takes ,into account seasonal waste variation. 
Normal operation calls for three furnaces in operation. This allows the objectives of 
both refuse disposal and energy supply to be covered. 

The fact that our requirements nearly always can be met with three furnaces in 
operation allows us to always have one furnace out of operation and thus schedule 
preventive maintenance. On a yearly basis, we .are planning the period of operation of . r , - .  

' each furnace according to the refuse amounts. I f  needed, each furnace operating 
period .could be expanded by approximately three weeeks i f  a tight planning of 'the ' c  
maintenance work is carried out. The reliability of the 10-year-old plant allows us to ' 
util ize more than 95% of the pre-scheduled time of operation. 

During each scheduled stop, the plant is inspected and its condition is evaluated . 

to  determine whether the maintenance program is sufficient or i f  adjustment has to be 
made. On this basis, management can prepare a realistic maintenance budget. 

Operation Experience 

The waste delivered to a mass combustion facil ity is a very heterogeneous type 
of material with considerable variation in both composition, physical size and heat 
value. 

The combustion of. waste is, therefore, a very demanding type of operation, a 
fact which has t o  be taken into consideration when choosing the kind of equipment you 
have .to apply in the kocess. I f  the equipment does not meet these demands, 
unscheduled stops of ,operation are bound to happen and the total availability of the 
plant is reduced conside'rably. 

This philosophy was used in the planniqg of our facility and the design of our 
process equipment is made with due regard to  these facts. 

Even though this is the case, and despite the pre-preparation of the bulky waste 
before incineration, we have experienced that larger items, such as sect ion steel 
profiles, bicycles, or even parts of  car bodies, have caused problems in the chute or the . 
clinker discharge, resulting in reduced operation time. We have, however, never 
experienced any damage of the equipment as a result of this. 

We operate in the temperature range of 140 degrees Centigrade ((284 degrees ( . Fahrenheit) a t  the boiler inlet and 175 degrees Centigrade (350 degrees Fahrenheit) a t  



D -the boiler out let. We have consequently experienced very l i t t le boiler corrosion during 
our I 0-year period of operation. 

Th'e flue gas temperature after the boiler is between 280 to 350 degrees 
Centigrade (540 to 660 degrees Fahrenheit), which is the result of operating at greater 
than design capacity as previously noted. 

Our plant has had no difficulties in meeting waste haridling design capacity with 
respect to nominal' load through a period of operation, which will be seen from the 
curves shown. Most of the period we are working above the design capacity and have 
the capability of operating at a higher capacity than originally planned. 

- I /S West Incinerator is, of course, subject to strict environmental demands, as' 
shown in Table I. 

In order to control our conditions of operation in this respect, we are operating 
according to  an environmental program to ensure that we can meet the demands of the 
authorities. 

In this respect, it is very difficult to generalize and make comparisons from plant 
to plant as the composition and properties of the waste can vary considerably. We 
have, while depending on the seasons, experienced clinker formations on the furnace ., 

walls, in some cases afteronly 600-800 hours of operation. While we can eliminate 
this problem through-operational controls, this problem has also been solved by using 
air-cooled ceramic walls in our new furnace design. 

Despite'the inevitable minor plant operational problems, the I/S Vest plant has . 

been in continuous operation for almost 10 years, and during that period of time, has 
processed over 2.4 million tonnes (2.6) million tons) of industrial, commercial, and' 
residential waste. 



TABLE l 

COMM~SS~ONING TEST 
WEST.INCINERATOR PLANT, UNIT 4 

Test Date: October 18, 1979 
Hours of Operation After Boiler Cleaning: 1400 Hovrs 

------ - -- --- 
Guarantee Guarantee . ~ d t u a l -  

------ Reguirement -Performance --.- -.---- 

Effective Test . 

Period Hours Hours 7 7 

Waste Quantity I TonnesIHr 14.0 20.2 1 Short TonslHr 15.4 22.2 

BTUIlb . LHV of Waste K JIKg 5 , 000- 2200- 3513 
. l0,500 4500 

Unburned Carbon 
. in Clinker 

ESP Efficiency 1 % - - 98.7 1 % . -- 98.7 

Putrescible in 
Clinker 

% ' o f  D.S. . 4-6' 4.3 

0. I I 1 % of D.S. . % of D.S. 0. I5 0. I5 0.11 
-- ----- - - - ------- 

% of D.S.. 4- 6 4.3 

After Electrostatic Precipitator 
-.- ----- -- - - --- -.--- 

Flue ' ~ a s  
Temperature - OC . - - - - 640 

% - - - - 6.7 

3 1 Solid Particulate !ng/m at 150 33 grldscf at 0.11 0.02 
7% co* 12% co2 Emissions 



SYSTEM ECONOMICS 

As previously discussed, it is the intention of Waste Management to pursue mass 
combustion, waste-to-energy opportunities as a ful I-service contractor. Systems which 
we propose will be constructed and, wherever appropriate, operated by Waste 
Management. Waste Management is prepared to undertake such commitments for 
either publicly owned facilities, or for facilities which will be financed through the 
sale of project revenue bonds and owned by Waste Management. . 

Market Factors 

Having stated our intention to actively pursue these projects, we would like to 
present our perception of the current market for waste-to-energy systems. Various 
important events have occurred which enhance the viability of resource recovery. 
First, the cost of  alternative disposal, that is, the cost of environmentally-sound 
sanitary landfil I, has increased dramatically in recent years. The promulgation of 
regulations under the Resource Conservation and Recovery Act will almost certainly 
further increase the cost of sanitary landfill. 'Land disposal sites serving major 
metropolitan cities are being located greater and greater distances from the cities 
that depend on them. Consequently, many major urban areas will, eventually, 
encounter combined waste transfer and landf i l l costs as part of their disposal program. 
To further exacerbate this problem, land required for new sites.will tend to be many 
times more expensive than was the land for the equivalent number of original acres 
being replaced. 

Concurrent with these drcimatic changes in.the cost of land disposal, there has 
also been a dramatic increase in the cost of fossil fuel. The real prices actually paid 
by American industry for fossil fuel during the decade of the 19701s, adjusted for all 
the effects of genercll'price inflation by using the Gross National Product Implicit 
Price Deflator and stated in 1979 dollars, increased a$ follows: 

- The price of coal doubled from $.62 per million BTU's to $1.33. 

- The price of natural gas increased nearly 3% times from $.65 per, million 
BTU's to  $2.18. 

- The price of fuel oil used by ii~dustry increased from $.84 in 1970 to $3.46 per 
millinn BTU's in 1979 -- an increase of 4 10%. 

Please remember that these are inflation adjusted increases, not actual price 
increases. For instance, industrial fuel oi l  prices, before inflationary adjustment, 
actually increased by 750% during the period. 



Energy Revenues 

Energy recovered from solid waste in a Volund plant can be delivered in several 
forms, including hot water, low or high temperature steam, or electricity. The state 
regulations currently being promulgated in response to Section 210 of the Public 
Util it ies Regulatory Policy Act, or PURPA, should tend to increase the energy 
revenues a waste-to-energy facil ity would realize from the sale of electricity to a 
util ity. However, the most. valuable form of delivered energy will continue to be 
steam, particularly steam utilized by industry or for district heating purposes. Using 
certain technical assumptions, the saleable energy from a ton of refuse is about 5 
mi l  lion BTU's. Assuming a"fuel oi l  price of only $.75 per gallon, this refuse energy has 
a value of about $28.50 per t6n- of refuse. At the equivalent fuel cost of coal or 
natural gas, the saleable energy from a ton of refuse is from $15.00 to $25.00 per ton. 
Since these energy revenues are income which help offset the debt servlce and 
operating cost of a facility, net disposal costs, that is, total costs less energy revenues, 
wi l l  obviously be minimized where energy,can be sold as steam at fuel oil equivalent 
prices. 

Thus, it. can be seen that basic economic forces are moving in directions that 
enhance the economic viability of mass combustion systems. The increasing costs of 
energy will continue to  increase the income potential of these energy-producing 
facilities while the increasing cost of land disposal will make the plant's waste disposal ,;. 

funcfion more competitive with land disposal. These economic forces, which enhance . 

the economic viability o.f waste-to-energy syitems, are most pronounced in major 
urban areas. In these areas, it is most often found that the cost of energy is high and 
that the cost of land disposal is high. To service a significant 'I;ortion of a major urban 
area, a large capacity facil ity is likely to be required. While it is recognized that 
capital and operating costs could vary significantly with various specific locations and 
requirements, we wil l examine a typical 1,000-ton-per-day steam-producing facility. 

Typical Plant Economics 
. - 

A typical 1,000-ton-per-day Volund plant would have three lines, each rated at 
about 335 tons per day capacity. The structure housing the equipment would be of 
steel and concrete construction, with allowance for of f  ice and maintenance facilities. 
While an inordinate degree of architecture is not assumed, substantial construction is. 
European waste-to-energy technology has proven to be viable as a long-term disposal 
and resouice recovery option. Therefore, the construction of System Volund facilities 
wi l l  be of the quality to support a plant with an extended lifetime, in excess of 20 
years. 

A Volund facil ity of this type would cost approximately $45 million in current 
dollars, or about $45,000 per ton of daily capacity. Bond reserve and other financing 

' 

costs would add another $15 million. Therefore, 'the total project cost would be 
approximately $60 million. 

This plant's capacity at .I ,000 tons per day is equivalent to 365,000 tons of refuse 
annually. Using an 82% availability factor, which is somewhat more conservative than 
Volund experience has demonstrated, annual throughput will be 300,000 tons of refuse. 
We wil l  use some reasonable assumptions to analyze.the impact of energy credits and 
inflation on a typical energy recovery plant. 

Annual debt service on a bond issue financing this facility, assuming a tax- 
exempt bond issue at an 8% rate, would be approximately $6 million. On a per ton of 



refuse processed basis, this equals about $20.00 per  ton. Experience suggests operating 
and maintenance costs in the area of $13.00 per ton would be reasonable. Therefore, 
total facilit'y costs, debt service at $20.00 per ton and 0 & M costs of about $13.00 per 
ton, would be about $33.00 per ton of refuse, assuming 300,000 tons of refuse 
processed annually. (Reference Table I I) 

Revenues received from energy sales would provide a substantial offset to these 
costs. If, for instance, total plant steam output, net of ipternal use, were sold at $4.50 
per thousand pounds, energy revenues would be approximately $22.50 per ton of refuse. 
Assuming total operations' cost of $33.00 per ton, 'it can be seen that the net disposal 
cost would be $10.50 per ton of refuse. Thus, in those markets where the combined 
costs of transfer and disposal exceed $10.50 per ton of. re'fuse, such a facility would be 
considered viable. 

.* 
TABLE ll 

Hypothetical 
Waste-To-Energy Plant Costs 

Typical 1,000-Ton-Per-Day Plant 
. . 

Capital Costs 

b 4 -  

1,000-Ton-Per-Day Plant $45 Million 
Bond Reserve and Other  inan an kin^ Costs 

.* 
15 Million 

. - 
Total Capital cos ts  , .. ' $60 Milliur.1 . 

Cost Per Ton (300,000 Tons Per Year) 

Debt Service @ 8% (Tax Exempt) 
Operating and Maintenance 

Total Cost Per Ton 

Energy Revenues Per Ton 
($4. .5O/Thousand Pounds Steam ) 

Net Disposal Cost Per Ton 

Using this basic type of analysis, one can, by adjusting the data for specific plant 
sites, energy customers, and existing disposal costs, in general terms, determine the 
viability of a mass combustion waste-to-energy system. . 

Effect of lnf lation on Plant Economics 

Revi.ewing the costs of a waste-to-energy plant, It car1 be seen that a major 
portion, about 60%, of the total operating costs.will be debt service, which is fixed and 
will not vary with inflation. Let's assume energy revenues, which are tied to fuel 
equivalent costs, will increase with a rate at least equivalent to the rate of inflation in 
general. For example, i f  we assume overall escalation of 10% per year, then gate fees 
and energy revenues will double every seven years, while over one-half of the facility's 
cost structure (that is, debt service) will remain fixed. The beneficial consequences of 
inflation when applied to a high fixed cost facil ity are obvious. The escalation of the 



revenue stream should far outstrip the escalation in variable costs which will be 
experienced in such a plant, enhancing the cost performance of a waste-to-energy 
plant in later years. 

If one accepts the assumptions that land disposal costs will continue to rise, that 
land available for landfill will continue to diminish, that the price of fossil fuel will 
continue to escalate, and that resource recovery facilities will continue to have a high 
ratio of fixed to variable costs, then, by definition, the economic performance of 
resource recovery plants will improve in the future. 

Economies of Scale in Plant Size 

Waste Management and Volund have studied the capital and operating costs of 
smaller scale Volund plants, i.e., 300 to 800 tons per day, clnri are convinced that such 
fucililies can be economically competitive with larger scale plants. Without question, 
both capital and operating costs increase on a per ton basis as the facility is scaled 

'down in size. However, we believe that these slightly higher costs can often be more 
than offset by certain economies that are associated with smaller plant size. 

While some of the world's largest mass combustion plants are Volund plants such 
as the new 2,000-ton-per-day facility under construction in Moscow, it is interesting to 
note that, worldwide, over 70 Volund-designed facilities have been constructed, or are 
currently under construction, that have capacities less than 500 tons per day. Most of _. 
these smaller-capacity plants have multiple process lines, enhancing availability and 
reliability. This same technology can be transferred to North America, and a 
significant body of economics supports its use. 

One significant factor in developing a viable resource recovery system is 
arranging for an energy customer that is willing and capable of purchasing steam or 
other energy products at a fair price under long-term contract. The energy customer . 

must have energy requirements that correspond to the energy that can be produced 
from available refuse. I f  a waste-to-energy facility can sell only a portion of the 
energy it produces, the economics of the entire system is degraded. It does l i t t le good 
to find an energy customer that requires 100,000 pounds of steam per hour when the 
system wil l  produce two or three times that quantity, or when seasonal or daily 
fluctuations in steam use require that significant portions of steam produced by the 
facil ity be dumped. 

Those with experience in attempting to  locate energy customers know that stable 
industrial steam users that regularly consume over 150,000 pounds of steam per hour 
are difficult to find. On the other hand, there are many more steam users that 
consume 50,000 to 100,000 pounds of steam hourly. Ideally, the resource recovery 
plant will be sized to provide base load steam demands with the energy customer 
generating his own peaking needs. Such an arrangement allows the resource recovery 
plant to sell a high proportion of its available energy, and the economics of the entire 
system wil l  therefore significantly benefit. The value of energy is such an 
overwhelming economic factor in the net cost of a waste-to-energy plant that it can 
easily overcome the relatively minor differences in cost related to a reduced economy 
o f  scale. For example, a $1.00 per thousand pound difference in steam- price is 
equivalent to  more than S.S.00 per ton of solid waste processed, a difference in revenue 
that would cover a major part of any cost variance resulting from economies of scale. 
Therefore, solid waste planners should give careful consideration to sizing plants t a  
meet energy customer needs even at the expense of some loss in economies of scale. 



Similarly, the cost of hauling waste to a large centialized facil ity should be 
taken into consideration. If  we assume a cost of solid waste transport of  ISC to 20C per 
ton mile, and that a centralized plant increases the average haul distance 10 miles 
over that whi.ch would be experienced with two or more smaller lants located closer 
to waste generation, we see that added hauling costs of up to ! 2.00 per ton will be 
incurred. The elimination of this added hauling cost wil l  greatly diminish the 
differential in cost between smal l and large energy recovery facilities. 

Waste availability is .a further consideration. A number of waste-to-energy 
plants are struggling today, or have not gotten off  the ground, because of the difficulty 
of marshalling the large quantities of waste needed for economic operations. And 
smaller communities have often not seriously considered resource recovery because 
they have only 100,000 or 1 50,000 tons of waste. 

We urge consideration' of smaller systems for larger communities when it is . 

evident that there wil l  be difficulties in obtaining sufficient waste to justify the ideal, 
large-scale system. Since less waste is required for the smaller system, there will be 
fewer institutional problems in obtaining the waste needed and, consequently, 
implementation delays will be reduced. With the rate of inflation we have been 
experiencing in recent years, a reduction in the time for system implementation can 
often result in a smaller facility in place at no more dollars per ton of capacity than 

. the larger system built some time later. ' As an example, a delay of .two years in 
implementing a resource recovery facil ity will increase its capital cost at least 20% 
due to inflationary increases in costs. This may more than offset the extra costs of 
the smaller plotit. 

We would also urge smaller communities to look at waste-to-energy systems. we 
believe that systems designed for around 100,000 tons per year can be as economically *, 
viable as larger systems i f  the energy customer is carefully selected. Cities and other ; 
waste producing areas with this quantity o f  refuse available should study waste-to- 
energy systems carefully rather than be discouraged by those who say that resource * 
recovery is only for major urban areas. 

Project Financing 

Financing of capital intensive waste-to-energy projects is clearly a key issue, 
upon which the success of a project depends. Waste Management is prepared to play a 
major role in providing the guarantees that are necessary for financing these facilities 
with project revenue bond financing. Of course, guarantees of energy purchase, refuse 
availability, and tipping fees must be provided by other project participants. However, 
Waste Management will participate in project financing and provide various important 
guarantees. 

Waste Management, as prime contractor, will be responsible for delivering the 
facil ity at the price agreed upon. 

Waste Management, as long-term system operator, will stand behind the 
operational integrity of the plant. We will provide assurance that the system will 
deliver the quantity and quality of saleable energy products that are key to achieving 
planned for energy revenues. We will guarantee to. operate and maintain the plant for 
the duration of the operating agreement. This role requires that we assume significant 
operating risks, the ussuillption of which are key to financing the project. We are 
prepared to assume these risks because of Volundls operating track record which is 
proven and because of our own experience operating this technology. 



And finally, Waste Management is prepared to take an appropriate equity 
position when such a contribution improves overall project economics. As most of you 
know, many financing scenarios are predicated on a limited equity contribution by the 
operator in return for which beneficial tax ownership is obtained by the operator. In 
principle, al l  or most of the return on equity investment required by the operator will 
be obtained from tax credits and accelerated depreciation. In this case, the amount of 
financing needed for the project is reduced and, therefore, project economics are 
improved. 

Summary 

Waste Mangeinent, Inc. is pleased to represent System Volund .in North America. 
System Volund, as discussed by Mr. Kjaer and Mr. Gilbu, is one of the more proven 
technologies of its type in the world. It is the result of hundreds of thousands of 
engineering man-hours devoted to the design and refinement of a waste-'to-energy 
system that has processed millions of tons of waste over the span of half a century. 

As indicated, Waste Management will provide System Volund waste-to-energy 
plants on a full service basis and we will guarantee the operational integrity of the 
facility. And, where appropriate, we can . offer the capability for design and 
management of the entire solid waste system including transfer and residue and non- - 

combustible refuse landfil I. 



Figure I: System Volund General Arrangement Cross Section. 
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Figure 2: Temperature Corrosion Graph 



FIGURE 3 

BOILER TEMPERATURE DISTRIBUTION 

Fiqure 3: Boiler Temperature Distribution . 
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Moderator: Lanny Hickman (Hickman Assoc.) 
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This f i n a l  session prov ided an oppor tun i t y  f o r  systems r,epresentat ives 
and meeting p a r t i c i p a n t s  t o  exchange in fo rma t ion  and address quest ions t o  
speakers from each o f  t h e  th ree  Waste-to-Energy Sessions. Mr .  Hickman gave 
a b r i e f  summary o f  the  conference and thanked a l l  p a r t i c i p a n t s .  
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