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A1 Introduction 

A 1 .1 .  The  pu rpose o f  th i s  Annexe  i s  to  p rov ide  the  reader  w i th  an  overv iew o f  the  
fundamenta ls  o f  the  va r ious  techno log ies  and  sys tems  tha t  a re  used  in  MBT p lan ts .   

A  1 .2 .  A l though  th i s  Annexe  touches  on  aspec ts  o f  the  under l y ing  sc ience  and  opera t ion  o f  
some o f  the  techno log ies ,  we  have  no t  a t tempted  to  p rov ide  exhaus t i ve  in fo rmat ion  
abou t  any one  t ype  o f  techno logy.  Fo r  examp le ,  much  more  in  dep th  in fo rmat ion  abou t  
phenomena  such  as  anaerob ic  d iges t ion  can  be  found  in  the  l i t e ra tu re ,  where  de ta i l ed  
des ign  and  opera t iona l  aspec ts  a re  covered  and where  the  p ro ’ s  and  con ’s  o f  the  
va r ious  indus t r i a l  AD des igns  a re  p resen ted  fo r  d i f fe ren t  app l i ca t ions .   

A  1 .3 .  In  th i s  Annexe  we  have;  

 exp la ined  the  a r ray  o f  ac ronyms used to  re fe r  to  d i f fe ren t  t ypes  o f  MBT;  

 assessed  the  ro les  o f  each  e lement  -  Mechanical  and  Bio log ica l  -  w i th in  
an  in teg ra ted  MBT p rocess ;  

 prov ided  an  ove rv iew o f  the  key mechan ica l  sys tems  used in  MBT des igns  
and  assess  how these  can :  boost  recyc l ing ;  prepare  the  w aste  for  the  
b io log ica l  s tage ;  remove  contaminat ion  f rom MBT outputs  and  prepare  
the  MBT outputs  for  market ;   

 d iscussed  the  core  b io log ica l  technolog ies  used  in  MBT p lan ts  and 
desc r ibed  the  va r ious  ways  in  wh ich  these  techno log ies  can  be  con f igu red  
and  op t im ised  to  p roduce  ce r ta in  t ypes  o f  ou tpu ts ;  and  

 ou t l i ned  the  po ten t ia l  fo r  env i ronmenta l  and  o the r  impac ts  f rom MBT 
fac i l i t i es .  

A  1 .4 .  We have  a lso  assessed  and  compared  the  e igh t  p rocess  concep ts  i n t roduced  in  the  
Summary Repor t  i n  the  con tex t  o f :  

 t he  leve l  o f  b iodegrada t ion  o f  the  inpu t  was te  tha t  cou ld  be  ach ieved ;  

 t he  t ype  and  qua l i t y  o f  fue l  t ha t  cou ld  be  p roduced ;  

 t he  po ten t ia l  env i ronmenta l  and  hea l th  impac ts    

A  1 .5 .  Th is  Annexe i s  one  sec t ion  o f  a  repor t  on  MBT p rocesses  and  the i r  su i tab i l i t y  fo r  
manag ing  the  res idua l  f rac t i on  o f  MSW,  wh ich  seeks  to  p rov ide  a  comprehens ive ,  
ob jec t i ve  rev iew o f  the  capab i l i t i es  and  l im i ta t i ons  o f  MBT techno log ies  in  the  con tex t  o f  
evo l v ing  was te  management  requ i rements .   De ta i l s  o f  the  o the r  pa r t s  o f  th i s  repor t ,  and  
how to  ob ta in  them,  a re  on  the  p rev ious  page .  

A  1 .6 .  Th is  s tudy was  funded  by  UK land f i l l  tax  c red i t s  d isbursed  by  t he  S ITA Env i ronmenta l  
T rus t  (SET)  and  co - funded  by  ASSURRE (The Assoc ia t i on  fo r  the  Sus ta inab le  Use and 
Recovery  o f  Resources  in  Europe) .   We a re  g ra te fu l  to  bo th  o rgan isa t ions  fo r  the i r  
suppor t .  
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A2 The MBT concept 

A 2 .1 .  The  MBT (Mechan ica l  B i o l og ica l  T rea tmen t )  concep t  fo r  was te  p rocess ing  evo l ved  in  
Germany as  a  response  to  a  s t rong  des i re  to  reduce  the  quan t i t y  o f  b iodegradab le  was te  
sen t  to  l and f i l l  and  to  i nc rease the  po ten t ia l  recovery  o f  resources  f rom i t .    

A  2 .2 .  Wh i le  MBT inheren t l y  i nco rpora tes  two  co re  s tages :  mechanica l  t rea tmen t  and  
bio log ica l  t rea tment ,  t he  d i f fe ren t  e lemen ts  can  be  con f igu red  in  va r ious  ways  to  mee t  
a  w ide  range  o f  spec i f i c  ob jec t i ves :    

 t o  max imise  resource  recovery ;  

 t o  p roduce a  ‘ compos t ’ ;  

 t o  p roduce a  so i l  improver ;  

 t o  p roduce a  b io -s tab i l i sed  mate r i a l  fo r  l and f i l l i ng ;  

 t o  p roduce a  b iogas  fo r  hea t  and/o r  power  genera t ion ;  

 t o  p roduce a  ‘good qua l i t y ’  so l i d  fue l  (SRF 1) .  

A  2 .3 .  The  re la t i ve  a t t rac t i veness  o f  these ob jec t i ves  i s  i n f l uenced  by  the  marke t  and 
regu la to ry  con tex t ,  wh ich  i s  spec i f i c  to  the  geography in  wh ich  the  p rocess  i s  to  be  
opera ted .  Hence ,  fo r  examp le ,  a  p rocess  des igned to  make  a  bio-s tab i l ised  output  
su i tab le  for  landf i l l ing  in  Germany  m igh t  be  marked ly  d i f f e ren t  f rom one  des igned  fo r  
the  same ob jec t i ve  in  ano the r  EU Member  S ta te .  

A  2 .4 .  A  la rge  number  o f  pe rmuta t ions  a re  the re fo re  poss ib le  fo r  MBT because  o f  the  w ide  
range  o f  mechan ica l  and  b io log ica l  e lemen ts  tha t  can  be  imp lemented  (see Figure  A1 ) .   
These  p rocess  opera t ions  w i l l  be  desc r ibed  in  more  de ta i l  l a te r  i n  th is  Annexe.  

Figure A1: Typical mechanical and biological process elements used in MBT processes 

Process Stage Possible Process Elements 

Mechanical Trommel 
Screen  

(static or 
vibrating) 

Magnet Eddy current Hand 
picking 

Air 
classification NIR 

Biological Open windrow 
composting 

In-Hall 
composting 

Tunnel 
Composting 

In-Vessel 
Composting 

(IVC) 

Anaerobic 
digestion Percolation Bio-

drying 

NIR = Near Infrared detection – devices that make use of the absorbance of certain unique light wavelengths by materials to 
separate, for example, different types of plastics.  

A 2 .5 .  The  pu rpose  o f  the  mechan ica l  s tage i s  th ree - fo ld :   

 t o  max imise  resource  recovery ;   

 t o  p repare  mate r ia ls  fo r  the  co re  b io log ica l  s tage ;  and ,  

                                                                  
1 SRF  =  So l i d  Re co ve r ed  F ue l  
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 t o  re f i ne  ou tpu ts .  

A  2 .6 .  Wh ich  o f  the  d i f f e ren t  core  b io log ica l  p rocesses  i s  chosen depends  on  a  number  o f  
fac to rs  i nc lud ing :   

 t he  t ype  o f  ou tpu t  ma te r i a l s  requ i red  ( fu l l y  b io -s tab i l i sed  so l ids ,  pa r t i a l l y  
b io -s tab i l i sed  so l i ds ,  SRF o r  b iogas ) ;   

 t he  quan t i t y  o f  was te  to  be  t rea ted ;   

 t he  p reva i l i ng  regu la to ry  requ i rements  (on  p rocess  and  ou tpu ts ) ;  and ,  

 a  number  o f  o the r  economic ,  t echn ica l  and  commerc ia l  f ac to rs .    

A  2 .7 .  These  fac to rs  a re  d i scussed  in  more  de ta i l  i n  the  sec t ion  on  ‘Co re  components  o f  MBT 
sys tems ’ .  

MBT and its various pseudonyms 

A 2 .8 .  There  a re  a  bewi lde r ing  ar ray  o f  ac ronyms and  te rms ,  i nc lud ing  MBT,  BMT,  MBS,  MBP,  
MBV,  MBA,  MBR,  b io -d ry ing ,  was te  sp l i t t i ng  and  s tab i l i sa t i on ,  used to  desc r ibe  
p rocesses  tha t  mechan ica l l y  and  b io log ica l l y  t rea t  was te .    

A  2 .9 .  Mos t  p rocesses  employ  ‘Mechan ica l ’  so r t ing ,  s i ze  c lass i f i ca t i on  o r  p re - t rea tmen t  
ac t i v i t i es  ahead  o f  the  ‘B i o log i ca l ’  s tage w i th in  the  ove ra l l  T rea tmen t  p rocess ,  hence  the  
ac ronym MBT .  

Figure A2  MBT: Mechanical Biological Treatment 

   

 

 

 

 

 

A  2 .10 .  In  th i s  p rocess  con f igu ra t i on  on ly  pa r t  o f  t he  was te  i npu t  p roceeds  to  the  b io log ica l  
s tage ,  so  i t  i s  somet imes  re fe r red  to  as  a  ‘w aste  sp l i t t ing ’  process .   

A  2 .11 .  In  some types  o f  p rocess ,  the  en t i re  raw was te  inpu t  i s  f i rs t  p rocessed  in  the  B i o l og i ca l  
s tage  f i r s t  f o l l owed  by  Mechan ica l  separa t ion  sys tems to  p rov ide  an  overa l l  T rea tmen t  
p rocess .  Th is  con f igu ra t ion  gave  r i se  to  the  ac ronym BMT  (B i o l og i ca l  Mechan ica l  
T rea tmen t ) .    
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Figure A3 BMT: Biological Mechanical Treatment  

 

 

 

 

 

 

A  2 .12 .  The  ac ronym BMT i s  o f ten  used  to  desc r ibe  those  p rocesses  tha t  b io log ica l l y  t rea t  the  
was te ,  p reserv ing  i t s  b iogenous  con ten t ,  t o  g i ve  a  re la t i ve l y  h igh  CV so l i d  ou tpu t  tha t  
cou ld  be  used  as  a  fue l  (SRF) .    

A  2 .13 .  There  a re  two  p r imary  va r ian ts  o f  th i s  type  o f  p rocess :  

 Stab i l i sa t i on ;  and   

 Bio -d ry ing .   

Figure A4: Stabilisation, 'bio-drying' or MBS  

 

 

 

 

 

 

A  2 .14 .  ‘S tab i l isa t ion ’ :  t he  ac ronym MBS (Mechan ica l  B i o log ica l  S t ab i l i sa t i on )  i s  a l so  used  to  
desc r ibe  p rocesses  tha t  bio-s tab i l ise  the  ent i re  w aste  f rac t ion ,  p reserv ing  i t s  
b iogenous  con ten t  ( i .e .  ‘ b io -d ry ing ’  p rocesses ) .   

A  2 .15 .  Bio-drying:  p rocesses  wh ich  p reserve  the  b iogenous  conten t  o f  the  was te  in  th i s  way  
u t i l i se  the  b io log ica l  ac t i v i t y  o f  the  was te  to  d r i ve  o f f  mo is tu re ;  and  in  the  p rocess  o f  
do ing  so ,  the  pu t resc ib le  con ten t  o f  the  was te  i s  a l so  reduced,  bu t  the  b io log ica l  ac t i v i t y  
i s  i nsu f f i c ien t  to  fu l l y  b io -s tab i l i se  the  ou tpu t .   

A  2 .16 .  So ,  the  te rms  ‘b io -drying ’ ,  ‘ s tab i l isa t ion ’  and  the  ac ronyms BMT  and  MBS  can  be  used  
in te rchangeab ly  to  desc r ibe  p rocesses  in  wh ich  the  ob jec t i ve  i s  to  make a  fue l .   
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A 2 .17 .  However ,  t h i s  i n te rchangeab i l i t y  i s  no t  to ta l ,  because  some p rocesses  tha t  a re   
a r ranged  in  a  BMT con f igura t ion  do  no t  ‘ b io -d ry ’  t he  was te  bu t ,  i ns tead ,  p roduce  a  fu l l y  
b io -s tab i l i sed  ou tpu t ,  w i th  a  s ign i f i can t l y  reduce  b iogenous  conten t .  Th is  i s  impor tan t  to  
unders tand  tha t  BMT con f igu ra t ions  a re  no t  on ly  assoc ia ted  w i th  ‘ b io -d ry ing ’  p rocesses .     

A  2 .18.  Because of  th is  potent ia l  fo r  confus ion in  the use o f  termino logy,  we have conc luded tha t  
the d is t inc t ion between processes in  which the core e lements  are  conf igured as MBT and 
those in  which the core  e lements  are  conf igured as BMT ( the  two most  wide ly used terms 
in  the UK)  is  unhelp fu l  and o f ten mis lead ing.  In  sp i te  o f  th is ,  the var ious termino log ies  
s t i l l  appear  in  company l i te ra ture  and publ ished papers  f rom the Cont inent  and,  therefore ,  
the d i f ferences,  advantages and d isadvantages need to  be fu l l y  unders tood.  

A 2.19.  In fact ,  most processes that seek to produce a ‘marketable’ bio-output ,  whether ful ly bio-
stabi l ised or not,  ut i l ise some degree of  post-biological  mechanical  processing to remove 
contaminants f rom the output or to change the output  mater ials into a sui table form for  thei r  
‘end-use’  appl icat ions (e.g.  for  reducing the  part ic le s ize,  bal ing or pel le t is ing).   

A 2.20.  Naming  the  p rocess  by  the  o rde r  i n  wh ich  the  core  e lements  a re  con f igu red  leads  to  
fu r the r  con fus ion  as  many p rocess  supp l ie rs  have  deve loped the i r  own  ac ronyms.  
Ac ronyms have  a l so  been  de r i ved  f rom par t i cu la r  p rocess  ob jec t i ves  in  d i f f e ren t  
count r i es  and  a re  the re fo re  i n f l uenced  by language .   Fo r  examp le ,  the  ac ronym MBP  
(Mechan ica l  B i o l og i ca l  P re - t rea tmen t )  i s  the  Eng l i sh  t rans la t i on  fo r  the  German ac ronym 
MBV  (Mechan isch  B i o l og ische  Vorbehand lungs -an lage) .  I n  Germany,  MBV i s  used  to  
desc r ibe  a  p rocess  tha t  p re - t rea ts  the  was te  by  reduc ing  i t s  b io log ica l  ac t i v i t y  
su f f i c ien t l y  so  tha t  the  b io -s tab i l i sed  res idue  can  be  land f i l l ed  in  comp l iance w i th  the  
requ i rements  o f  the  EU Land f i l l  D i rec t i ve .  

A 2.21.  The  ac ronym MB A -  Mechan isch  B i o l og ische  Ab fa l l behand lung  (Ab fa l l behand lung  be ing  
the  German word  fo r  was te  t rea tment )  i s  a lso  used  in  Germany and  Aus t r i a  and  i s  
equ iva len t  to  the  ac ronym MBT.  

A  2 .22 .  MBR  i s  the  ac ronym fo r  the  German wo rds  Mechan isch  B i o l og ische  Res tmü l lbehand lung 
( re fe r r i ng  to  the  t rea tmen t  o f  res idua l  was te ) .  

A  2 .23 .  Ano the r  more  recen t  add i t i on  to  th i s  ba t te ry  o f  ac ronyms i s  MHT  (Mechan ica l  Heat  
T rea tmen t )  –  deve loped  in  the  UK to  desc r ibe  p rocesses  tha t  u t i l i se  Mechan ica l  and  
ex te rna l l y  de r i ved  Hea t  to  ach ieve  the  ove ra l l  T rea tmen t  o f  was te :  the reby reduc ing  i t s  
mo is tu re  con ten t  and san i t i s ing  the  mate r ia l  by  des t roy ing  i t s  ac t i ve  bac te r ia l  con ten t .  

Figure A5 MHT: Mechanical Heat Treatment 
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A 2 .24 .  MHT  i nc ludes :   

 was te  d ry ing  processes that  use  heat  to  d ry  the  raw was te  fo l l owed  by  the  
mechan ica l  so r t i ng  and separa t ion  o f  the  d r ied  and  s tab i l i sed  was te ;  and   

 autoclave processes w hich stabi l ise the raw waste us ing s team at  pressure 
fo l lowed by mechanica l  sor t ing and separat ion o f  the s ter i l i sed waste .  

A  2 .25 .  MHT processes  do  not  conta in  a  b io log ica l  e lement ,  and  in  fac t  depend  on  the  use  o f  
h igh  enough  tempera tu res  (usua l l y  abou t  120 0 C to  150 0 C)  to  san i t i se  the  was te  i n  o rde r  
to  ob ta in  an  ou tpu t  tha t  does  no t  degrade  b io log ica l l y  ( fe rmen t ) ,  wh ich  wou ld  o the rw ise  
cause  s to rage  p rob lems ,  po ten t ia l  pub l i c  hea l th  i ssues  and  odour  p rb lems .    

A  2 .26 .  A l though  MHT sys tems  a re  d i f f e ren t  f rom MBT f rom a  p rocess  eng ineer ing  pe rspec t i ve ,  
func t iona l l y  they  a re  s im i la r  –  i . e .  t hey can  f requen t l y  be  cons ide red  fo r  the  same 
ob jec t i ves .  But ,  because  MHT has  no  ‘B ’  e lement  w e do  not  review  propr ie tary MHT 
processes in  th is  repor t .  

A  2 .27 .  Never the less ,  MHT p rocesses  can  t rea t  MSW,  p reserv ing  the  b iogenous  f rac t i on  o f  the  
was te  to  p roduce  a  re la t i ve l y  h igh  CV ou tpu t  tha t  can  be  used as  a  fue l .   

A  2 .28 .  MHT p rocesses  have  been  deve loped spec i f i ca l l y  to  ach ieve  the  same ob jec t i ves  o f  
some ‘b io -d ry ing ’  sys tems ,  namely  to  d ry  was te ,  reduce  i t s  vo lume and max imise  
recove ry  o f  recyc lab les .  In  con t ras t  t o  ‘ b io -d ry ing ’  sys tems,  the  resu l t i ng  so l ids  f rom 
MHT p rocesses  a re  san i t i sed  mak ing  them eas ie r  to  hand le ,  t ranspor t  and s to re .  Th is  
and  o the r  advan tages  and d i sadvan tages  o f  MHT vs  MBT a re  d i scussed  la te r  on  in  th i s  
Annexe .  

Figure A6: List of some MHT processes suppliers in the UK 

MHT process  Type of  process ing  

Comex Autoclave 

Estech Autoclave 

Fairport Thermal drying 

Fernwood Autoclave 

Fibercycle Autoclave 

Slane/Remtech Autoclave 

Sterecycle Autoclave 

Thermsave Autoclave 

Source: Juniper database 

A 2 .29 .  The  i ssues  o f  SRF u t i l i sa t i on  a re  d iscussed  in  Annexe  C .  

A  2 .30 .  In  the  fo l l ow ing  sec t ions  we  w i l l  examine  the  va r ious  ob jec t i ves  o f  t he  Mechanica l  (A3 )  
and  Bio log ica l  (A4)  s tages  in  an  MBT p rocess .   I n  genera l  t e rms  the  mechan ica l  pa r ts  
o f  t he  p rocess  a re  i nc luded  to  p repare  the  was te ,  to  recover  recyc lab le  f rac t i ons  f rom 
the  inpu t  was te  and  to  remove  inappropr ia te  cons t i tuen ts  o f  the  inpu t ,  wh i l s t  t he   
b io log ica l  p rocess  i s  employed  to  s tab i l i se  the  o rgan ic  cons t i t uen ts .  
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A3 Mechanical treatment 

A 3 .1 .  To  recap ,  the  ob jec t i ves  o f  the  Mechanica l  e lemen t  o f  MBT a re :  

 t o  max imise  resource  recovery ;   

 t o  p repare  the  was te  fo r  the  co re  b io log ica l  s tage;   

 t o  re f i ne  the  p rocess  ou tpu ts ;  and,  

 t o  remove  inappropr ia te  cons t i tuen ts  w i th in  the  inpu t  was te .  

A  3 .2 .  The  degree  to  wh ich  the  inpu t  was te  i s  mechan ica l l y  so r ted  and  separa ted  depends  on  a  
number  o f  p ro jec t  spec i f i c  fac to rs ,  i nc lud ing :  

 t he  t ype  o f  was te  inpu t ,  ( i .e .  ‘ b lack  bag ’  o r  ‘ g rey  bag ’  was te ) ;  

 t he  l eve l  o f  po ten t ia l  recyc lab les  i n  the  was te  i npu t ;  

 t he  ou tpu t  requ i red  and hence the  amoun t  o f  con taminat ion  in  the  was te  

tha t   mus t  be  removed ;  

 t he  quan t i t y  o f  recyc l i ng  des i rab le ;  

A  3 .3 .  Because  o f  the  d i f f e ren t  p ro jec t  goa ls ,  t he re  a re  MBT p lan ts  tha t  have  been  des igned  to  
have complex  mechan ica l  e lemen ts ,  wh i le  o the rs  have  ve ry  bas ic  sys tems .   

A  3 .4 .  I t  i s  the re fo re  m is lead ing  to  compare  the  recyc l i ng  pe r fo rmance o f  d i f f e ren t  MBT p rocess  
because the  same p rocess  cou ld  be  conf igu red  w i th  d i f f e ren t  leve ls  o f  mechan ica l  
t rea tmen t  depend ing  on  the  spec i f i c  p ro jec t  requ i rements .  

Maximising resource recovery 

A 3 .5 .  Plast ics :  The  source  separa t ion  and  ke rbs ide  separa t ion  o f  p las t i cs  i s  becoming more  
p reva len t  th roughou t  the  EU bu t  the  was te  inpu t  to  an  MBT fac i l i t y  cou ld  s t i l l  con ta in  
h igh  leve ls  o f  p las t i cs  ( see  Figure  A7 ) .  

A  3 .6 .  Meta ls :  The quan t i t y  o f  meta ls  i n  the  inpu t  was te  to  MBT p rocesses  in  mos t  EU 
count r i es  i s  ma in l y  dependen t  on  the  degree  o f  sou rce -separa t ion  o f  the  raw was te .   In  
Germany,  where  source  separa t ion  schemes  a re  we l l  es tab l i shed ,  the  meta l  con ten t  o f  
the  was te  inpu t  to  the  MBT p rocess  w i l l  be  lower  than tha t  fo r  a  p lan t  t rea t ing  ‘b lack  
bag ’  MSW (see  Figure  A8 ) .  

A  3 .7 .  Glass:  The quan t i t y  o f  g lass  in  the  inpu t  was te  to  MBT p rocesses  in  mos t  EU coun t r i es  
i s  a l so  dependen t  on  the  degree  o f  sou rce -separa t ion  o f  the  raw was te .   Mos t  EU 
Members  S ta tes  have  s ign i f i can t  i n f ras t ruc tu re  o f  ‘ bo t t l e  banks ’  and  the  recovery  o f  
g lass  i s  h igh .   There  i s  no t  much  scope fo r  recover ing  la rge  quan t i t i es  o f  g lass  f rom the  
inpu t  was te  to  MBT p lan ts .   
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A 3 .8 .  Recover ing  g lass  in  MBT p rocesses  i s  a  cha l l enge espec ia l l y  because  many  o f  these  
fac i l i t i es  t rea t  res idua l  was te  in  wh ich  mos t  o f  the  g lass  i s  f i ne l y  d i v ided  and  cannot  be  
recovered  by  hand-p ick ing  methods .   Th is  i s  unders tandab le  because many o f  the  more  
h igh ly  eng ineered  MBT p lan ts  a re  in  Germany and  Aus t r i a  where  the  recoverab le  g lass  
i s ,  to  a  g rea t  ex ten t ,  removed ,  v ia  bo t t l e  banks ,  f rom the  res idua l  was te  s t ream go ing  to  
the  MBT p lan t .  Fu r the r  de ta i l ed  desc r ip t i on  on  how these  va r ious  au tomated  sys tems  
opera te  i s  ou ts ide  the  scope  o f  th i s  repor t .  

A  3 .9 .  Some MBT p rocesses ,  ma in l y  i n  Spa in ,  re l y  on  hand-p ick ing  to  separa te  d i f f e ren t l y  
co lou red  g lass  bo t t l es  f rom the  un t rea ted  was te  s t ream.  In  the  UK the  labour  cos ts  
assoc ia ted  w i th  th i s  op t ion  wou ld  be  h igh .  

A  3 .10 .  MBT p rocesses  con f igu red  to  p roduce  a  so i l  improver  o r  ‘ compos t ’  a re  des igned  to  
m in imise  the  g lass  conten t  o f  t hese  ou tpu ts  us ing  s ieves ,  t rommels   o r  dev ices  tha t  
fac i l i t a te  the  separa t i on  o f  the  componen ts  o f  the  was te  by  mak ing  use  o f  the i r  dens i t y  
d i f fe rences .   I n  a l l  o f  t hese  cases ,  the  g lass  f rac t i on  i s  m ixed  w i th  o the r  ‘ i ne r t ’  ma te r i a l s  
and  more  o f ten  than  no t ,  i t  i s  deemed as  uneconomic  to  recover  the  g lass .  The  ‘ i ne r t ’  
s t ream i s  usua l l y  sen t  to  l and f i l l .  

Preparing the waste for the core biological stage 

A 3 .11 .  B io log ica l  p rocess ing  o f  was te  make use  o f  the  ac t i on  o f  bac te r ia  to  b reak  down the  
b iodegradab le  f rac t i on  o f  the  was te .   Maximis ing the  percentage  o f  b iodegradable  
mater ia l  in  the  input  to  the  b io log ica l  s tage  is  one  reason for  w aste  prepara t ion .  

A  3 .12 .  The  use  o f  mechan ica l  separa t ion  techn iques  to  p re -cond i t i on  the  he te rogeneous  inpu t  
was te  p r io r  to  the  b io log ica l  p rocess ing  s tage  i s  c r i t i ca l  t o  the  success fu l  ope ra t i on  o f  
any MBT p rocess .    

A  3 .13 .  In  the  p rop r ie ta ry  p rocesses  we  have rev iewed  du r ing  the  course  o f  th i s  s tudy,  th ree  
ma in  p re -cond i t i on ing  methods  a re  used  to  max imise  the  pe rcentage  o f  b iodegradab les  
in  the  inpu t  to  the  b io log ica l  s tage  o f  MBT:   

 ‘Sp l i t t ing ’  t he  incoming  was te ,  i n to  a  coarse  f rac t i on  and  a  f i ne  f rac t i on ;   

 Separa t ing  was te  f rac t i ons  by  mak ing  use  o f  the  d i f f e rences  in  dens i t y  and  

buoyancy o f  i t s  components  (Densimetr ic  separa t ion ) ;   

 Us ing  wa te r  to  wash  the  read i l y  d i sso lub le  o rgan ics  f rom the  bu lk  was te ,  as  

i n  Percola t ion  p rocesses .  

A  3 .14 .  ‘Sp l i t t ing ’  the  w aste ’  i n to  coarse  and  f i ne  f rac t i ons  i s  no rma l l y  ca r r i ed  ou t  us ing  
t rommels .  The  f i ne  f rac t ion  con ta ins  mos t  o f  the  organ ic  mate r ia l  and  th i s  i s  then  sent  
to  the  b io log ica l  s tage  o f  the  p rocess ,  usua l l y  a f te r  add i t i ona l  mechan ica l  s tages  to  
recover  recyc lab les  and reduce con taminan ts  such  as  g lass  and p las t i cs .  
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Figure A7: Issues concerning the recovery of plastics from waste via MBT processes 

Issue Comments 

Plastic types PE (polyethylene), HDPE (high density polyethylene), LDPE (low density polyethylene), PET 
(polyethylene terephthalate), PVC (polyvinyl chloride), PS (polystyrene) 

Techniques At a few of the MBT plants we visited during the course of this study, PET, HDPE and other 
‘dense’ plastic bottles and containers were being recovered by hand-picking. 

Only one MBT plant (Münster, Germany) incorporated automated recovery systems for 
recovering ‘dense’ plastics using NIR (Near Infrared) equipment (see the Horstmann review 
in Annexe D). 

Practically all of the MBT processes recover plastic film. This is carried out using air 
separators to entrain light materials out of the waste stream. 

Drivers The main drivers for recovering plastics from waste in the UK are: 

 the recycling targets set by Government for each UK local authority; 

 mandatory industry targets set by the EU in the Packaging and Packaging Waste 
Directive (1994), which require that Member States achieve 22.5% plastics recovery 
from these materials by 2008; 

Challenges Plastics have posed technical challenges to the anaerobic digestion component of some MBT 
processes.  These materials float in the digester forming ‘floating layers’1, which affects 
the performance of the digester and hence the biogas yield and also increases maintenance 
requirements.  In many wet digesters, the light materials are separated before the digester 
and sent to landfill.  In some processes this material is added to the recovered solid fuel 
fraction (SRF) (see the SBI review in Annexe D). 

Incentives There are uses for various types of plastics contained in MSW.  For example, PET and HDPE 
bottles are commonly recycled because the process for making new materials is energy 
intensive, ultimately requires a fossil fuel derived feedstock and the plastics are non-
biodegradable and pose a disposal problem in many countries. 

Plastic film is usually recovered from the waste for use as a fuel because of the relatively 
high energy content (CV) (17-18 MJ/kg) normally associated with this fraction. 

Advantages  reduces contamination of outputs 

 helps to meet the recycling objectives of the Packaging Directive 

 adds energy content to an SRF product 

Disadvantages  produces a potential residue stream that will require disposal 

 high technology solutions will add significant costs 

 minimal contribution to landfill diversion targets 

Impact of MBT 
process 
configuration 

The quantity of plastics recovered from an MBT process will depend on the outputs the MBT 
process is designed to produce and the degree of contamination that those outputs can 
accommodate. 

The level of plastic materials found in the CLO from an MBT process will depend on the 
degree of separation and recovery upstream of the biological process or in the post-
digestion refining stage (see A 4.24). 

For processes producing a fuel fraction the majority of plastics will be left in the SRF to add 
energy content but the process would strive to remove PVC. 

1 Light materials that include corks, plastic tubes and polystyrene that float to the top of the digester.  This is a 
problem that has been experienced in a number of wet digestion plants 

Source: Juniper analysis 
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Figure A8: Issues concerning the recovery of metals from waste via MBT processes 

Issue Ferrous metals Non-ferrous metals 

Metal types Cast iron, steel and stainless steel. Aluminium, copper, zinc, brass. 

Techniques Most ferrous metals can be recovered by using 
magnetic separation methods.  

Magnetic separation of the waste is normally 
conducted before eddy current separation to 
minimise the quantity of ferrous metals 
collected in the non-ferrous stream. 

Non-ferrous metals can be recovered using 
eddy current techniques (a magnetic field is 
induced into the non-ferrous metals, 
propelling them out of the waste stream). 

Drivers The main drivers for recovering metals from waste in the UK are: 

 the recycling targets set by Government for each UK local authority; 

 mandatory industry targets set by the EU in the Packaging and Packaging Waste Directive 
(1994), which require that Member States achieve 50% metals recovery from these 
materials by 2008; 

 the revenues that can be obtained from the sale of recovered metals. 

Challenges Whilst most metals recovered from MSW are ‘sent for recycling’,  and so count towards Local 
Authority recycling rates, the revenues that can be obtained by process operators for recovered 
metals vary widely and are often linked to their ‘quality’. 

The challenge therefore for MBT processes is to recover metals with minimal levels of 
contamination. (Putrescible contaminants make it difficult to handle and store the metals and 
do cause significant odour and vermin issues. Inerts can be detrimental to the final mechanical).  

Some MBT processes are designed to ‘split’ the incoming waste stream into ‘fine’ and ‘coarse’ 
fractions. The fine fraction usually contains most of the inerts and putrescibles whilst the coarse 
fraction contains mainly bulkier items.  Metals are recovered from each fraction separately and 
in so doing those recovered from the coarse fraction have a lower level of contamination. 

The UK government has set statutory targets for the various industry sectors. Because of the 
pressures of meeting these targets, all metals recovered from an MBT plant are desirable, but 
the highest prices are paid for the best quality materials - free from external contamination. 

Incentives 

Recovery is a sustainable practice but revenue 
generation is potentially low 

While all of the various non-ferrous metals 
recovered in an MBT process can be recycled, 
aluminium can command a high price - 
currently up to £700/Tonne in the UK market. 

Advantages  easy to recover 

 provides opportunity to recover a 
significant weight of material 

 increases landfill diversion 

 helps to meet recycling targets 

 removes ferrous metal from combustible 
SRF and CLO product 

 relatively easy to recover 

 removal from SRF is beneficial to co-
combustion application 

 potential high revenue product 

 removes aluminium from combustible 
SRF and CLO product 

Disadvantages 
 contaminated and dirty ferrous metal of 

less value 

 maximised recovery incurs greater costs 

 increased recovery requires more traffic 
movements 

 low weight, high volume stream 

 uneconomic when input waste has been 
source-separated 

 aluminium stream can be contaminated 
because eddy current techniques will 
collect other non-ferrous metals and 
ferrous residuals 

Impact of MBT 
process 
configuration 

The quantity and quality of metal recovery is affected by the configuration of the MBT process 
implemented. Some MBT configurations in which the metals separation takes place after the 
biological stabilisation of the waste will have less putrescible contamination than in processes 
where the mechanical separation is done upfront. 

An advantage in recovering metals after the biological stage is that the waste is less voluminous 
and therefore it is easier to convey in reasonably uniform, shallow layers through the metals 
separation stages, which increases the recovery efficiency. 

Source: Juniper analysis 
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Figure A9: The waste splitting process concept 

 

 

 

 

 

 

 

 

A  3 .15 .  Densimetr ic  separa t ion  o f  t he  was te  i s  ach ieved by  us ing  wa te r -based  p rocesses  to  
separa te  recyc lab les  and  con taminan ts  f rom the  b iodegradab le  mate r ia ls .  Va r ious  t ypes  
o f  f l o ta t i on  and  sed imenta t ion  un i ts  a re  used  to  ach ieve  separa t ion  (e .g .  see  the  
Arrow Bio  p rocess  rev iew and  p rocesses  con ta in ing  w et  AD systems  i n  Annexe  D ) .  

A  3 .16 .  A  po r t i on  o f  the  b iodegradab le  o rgan ic  con ten t  o f  t he  was te  can  be  washed ou t  us ing  
wa te r  v ia  percola t ion .   Perco la t i on  i s  the  te rm used by  the  supp l ie rs  o f  th i s  t ype  o f  MBT 
p rocess .  

Figure A10: A percolation process 
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A 3 .17 .   A key aspec t  o f  pe rco la t i on  i s  tha t  the  read i l y  so lub le  b iodegradab le  o rgan ics  and  
ino rgan ics  and  the  f i ne r  ma te r i a l s  w i l l  be  washed  ou t  f rom the  was te  to  fo rm a  l i qu id  
s t ream con ta in ing  d isso lved  and  suspended  so l i ds  wh ich  i s  then  sent  to  the  anaerob ic  
d iges te r .   The  so lub le  mate r ia ls  a re  more  l i ke l y  to  be  f rom food was tes ,  wh ich  usua l l y  
con ta in  a  re la t i ve l y  h igh  degree  o f  b iodegradab le  vo la t i l e  so l i ds  (ma in l y  s ta rches ) ,  and  
less  l i ke l y  to  be  f rom wood ,  paper  and ga rden  was te .   The  la t te r  ma te r i a l s  a re  r i che r  i n  
ce l l u lose  and the re fo re  l ess  so lub le  i n  wa te r ,  l ess  eas i l y  hyd ro l ysed  than  s ta rches  and  
they usua l l y  have lower  b iodegradab le  vo la t i l e  so l i ds  con ten t .  However ,  t h i s  means  tha t  
the  pe rco la t ion  res idues  w i l l  s t i l l  con ta in  a  s ign i f i can t  b iodegradab le  componen t .  

A  3 .18 .  The  res idua l  so l i ds  a f te r  pe rco la t i on  can  be  fu r the r  s tab i l i sed  fo r  l and f i l l i ng  o r  b io -d r ied  
to  p roduce SRF (see  sec t ion  on  ‘More  comp lex  MBT p rocess  des igns ’  be low ) .  

A  3 .19 .  These  techn iques  a re  a t  d i f f e ren t  s tages  o f  p rovenness  w i th  the  t rommel  (was te  
‘ sp l i t t i ng ’ )  and  sh redd ing  methods  the  mos t  commonly  used  (see  Annexe  D) .  

Control l ing part icle size of  the waste in the biological stage 

A 3 .20 .  In  MBT p rocesses  based on  ae rob i c  and  anaerob ic  d iges t ion ,  the  s ize  o f  the  w aste  
par t ic les  processed in  the  b io log ica l  s tage is  impor tant :  t he  smal le r  the  s i ze  o f  the  
pa r t i c les ,  the  more  e f fec t i ve  the  tempera tu re  con t ro l ,  mo is tu re  d is t r i bu t ion  and  m ix ing .  

A  3 .21 .  In  o rde r  fo r  aerobic  processes  (compost ing)  t o  opera te  e f f i c ien t l y ,  t he  tempera tu re ,  
ae ra t ion  and mo is tu re  con ten t  o f  the  was te  needs  to  be  as  un i fo rm as  poss ib le .   The  
smal le r  the  pa r t i c le  s i ze  o f  the  was te  then  the  more  e f f i c ien t  the  p rocess  w i l l  be  
because o f  enhanced  hea t  and  mass  t rans fe r .  

A  3 .22 .  Fo r  anaerobic  d igest ion  p rocesses ,  the  tempera tu re ,  the  ex ten t  o f  m ix ing  and leve ls  o f  
i nocu lum (ac t i ve  bac te r ia l  con ten t ) ,  needs  to  be  con t ro l l ed .   Aga in ,  smal l  pa r t i c le  s i ze  i s  
a  p re - requ is i te  fo r  good  per fo rmance .  

A  3 .23 .  The  mean par t i c le  s i ze  o f  the  inpu t  was te  i s  con t ro l l ed  in  va r ious  ways :  

 us ing  t rommels  ( the  mos t  common techn ique)  to  ‘ sp l i t ’  t he  was te  i n to  

d i f fe ren t  s i ze  ‘ cu ts ’ ;  

 shredd ing  the  was te  to  reduce the  pa r t i c le  s i ze ;   

 pu lve r i s ing  the  was te  in ,  f o r  examp le ,  a  ba l l  m i l l  ( see  Hese  rev iew in  

Annexe  D ) ;  and ,  

 us ing  comb ina t ions  o f  these  p rocess  e lemen ts .  

A  3 .24 .  In  some MBT p lan ts ,  t he  en t i re  was te  i npu t  i s  sh redded  o r  pu lve r i sed .  The  s i ze  reduced 
mate r i a l s  can  be  sen t  d i rec t l y  to  the  b io log ica l  s tage  o f  the  p rocess  (as  i n  mos t  ‘b io -
drying ’  s ys tems)  o r  fu r ther  p rocessed  us ing  t rommels  t o  ob ta in  a  ce r ta in  mean  par t i c le  
s i ze  to  improve  the  e f f i c iency  o f  the  b io log ica l  s tage .  
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A 3 .25 .  A  s ign i f i can t  d i sadvan tage  o f  up - f ron t  shredding  o r  pulver isa t ion  i s  t ha t  the  hea vy 
meta l  contaminants  p resen t  i n  the  inpu t  was te  w i l l  be  d i spersed  th roughou t  the  b io -
f rac t i on ,  and  hence  w i l l  con tamina te  the  b io - t rea ted  ou tpu t  f rom the  MBT p rocess .   The 
ex ten t  o f  the  d i spers ion  i s  a  func t i on  o f  the  inpu t  was te  compos i t i on  ( i .e .  t he  quan t i t i es  
o f  ba t te r i es ,  me ta l  con ta in ing  pa in ts ,  g lass  and  p las t i cs )  and  the  degree  to  wh ich  the  
was te  i s  b roken  down by  the  sh redd ing  o r  pu lve r i s ing  p re - t rea tmen t  p rocess .  

A 3 .26.  A l though some suppl iers  exp la in  that  the i r  process does not  shred  aggress ive ly  enough to  
break down bat ter ies ,  the l ike l ihood of  a smal l ,  but  s ign i f icant ,  amount  o f  meta l  (mercury,  
cadmium or  n icke l )  contaminat ion be ing d ispersed through the b io- f rac t ion is  h igh.  

A  3 .27 .  There fo re ,  the  way in  wh ich  the  was te  i s  mechan ica l l y  p re - t rea ted  cou ld  have  a  nega t i ve  
impac t  on  the  qua l i t y  o f  t he  so l i d  ou tpu t  f rom an  MBT p rocess  and ,  as  a  consequence,  
i t s  accep tab i l i t y  fo r  many end-uses ,  impac t ing  upon  the  economic  v iab i l i t y  o f  t he  
p rocess .  

A  3 .28 .  S ize  reduc t ion  methods  a l so  p roduce  env i ronmenta l  impac ts  f rom dust  and  bio-
aerosols .   The  sma l le r  the  pa r t i c le  s i ze  p roduced ,  the  g rea te r  a re  the  r i sks  o f  dus t  and  
b io -ae roso l  genera t ion .   I n  add i t i on ,  pa r t i c les  be low a  c r i t i ca l  mean  s i ze  can  cause  poor  
a i r  d is t r i bu t ion  and  h igh  p ressure  d rop  in  some compos t ing  tunne l  des igns ,  wh ich  can 
t rans la te  i n to  re la t i ve l y  h igh  energy  cos ts .   

A  3 .29 .  The leve l  o f  heavy meta ls  in  the  b io - t rea ted  outputs  and the  need for  adequate  dust  
cont ro l  methods ( to  protect  the  hea l th  o f  w orkers )  a re  impor tant  envi ronmenta l  
parameters  dur ing  the  process  des ign  w ork for  an  MBT fac i l i ty .   

Post-refining the outputs from MBT processes 

A 3 .30 .  In  o rde r  to  ensure  as  h igh  a  qua l i t y  p roduc t  as  poss ib le  f rom an  MBT process  the  
ou tpu ts  mus t  be  fu r the r  sc reened  to  remove undes i rab le  mate r ia l s .   Fo r  MBT sys tems  
w i th  up- f ront  mechanica l  separa t ion  f u r the r  sc reen ing  i s  des irab le .   Fo r  ‘b io -drying ’  
sys tems where  the  b io log ica l  s tage  is  p laced f i r s t ,  mechan ica l  post - re f in ing  is  
essent ia l .  

A  3 .31 .  As  we  have  d i scussed  MBT p rocesses  can  be  con f igu red  to  p roduce  CLO ,  SRF  o r  a  bio-
s tab i l ised mater ia l .   The  pos t - re f i n ing  s tage  can  be  used to :  

 remove con taminan ts  (e .g .  g lass ,  p las t i cs ,  e tc . ) ;   

 change  the  ou tpu t  i n to  a  su i tab le  fo rm fo r  i t s  end-use  app l i ca t i on  (e .g .  

pa r t i c le  s i ze  reduc t i on ,  ba l i ng  and  pe l l e t i s ing ) .  

A  3 .32 .  The extent  o f  post - re f in ing  depends on  the  end-use  appl icat ion  for  the  mater ia l :  
‘ compos t ’ ,  so i l  improver ,  so l i d  recovered  fue l  o r  l and f i l l .  
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Figure A11: MBT with post-refining 

 

 

 

 

 

 

 

 

 

 

A  3 .33 .  The  equ ipment  t yp i ca l l y  used  to  remove  con tamina t ion  f rom the  va r ious  MBT ou tpu ts  and  
the i r  respec t i ve  func t ions  a re  summar i sed  in  Figure  A12  and  Figure  A13 .  

Figure A12: Mechanical elements for post-refining of CLO 
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Figure A13: Mechanical elements for refining SRF 

Refining SRF 
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Removing oversized 
contaminants such as 
glass, inerts and 
batteries 

Removing small quantities of 
ferrous and non-ferrous 
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stages  

Reducing the size of 
the SRF output 
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A 3 .34 .  Heavy meta ls  i n  the  o r ig ina l  i npu t  was te  w i l l  be  we l l  m ixed  by  the  ac t i on  o f  the  MBT 
p rocess  and the  so l i d  p roduc ts ,  SRF and  ‘ compos t ’ / so i l  improver  w i l l  con ta in  the  
ma jo r i t y  o f  the  heavy meta ls  en te r ing  the  p rocess .   The  d iges ta te  f rom an AD p lan t  
wou ld  no rma l l y  be  dewate red  bu t  th i s  wou ld  concen t ra te  heavy meta l  compounds  such  
as  meta l  su lph ides  and  some non-so lub le  o rgan ic  compounds .  

A  3 .35 .  Figure  A14  l i s t s  where  heavy meta l  con tamina t ion  can  be  found  in  ma te r ia ls  commonl y  
found  in  MSW.   These  heavy meta ls  can  f i nd  the i r  way in to  the  SRF,  RDF and  CLO 
ou tpu ts  f rom MBT p lan ts  and  subsequen t l y  can  be  d i spersed in to  the  env i ronment  by  
u t i l i sa t i on  o f  the  MBT ou tpu ts  i n  co -combus t i on  and land  sp read ing  app l i ca t ions .  

Figure A14: Possible sources of trace heavy metals in materials found in MSW 

Trace element 
(heavy metal) 

Potential source 

Mercury (Hg) batteries, plastics (PVC), fungicides, medicines, lamps, herbicides, pigments, paints, 
electronics, fluorescent tubes, alloys, galvanized items, fish remains 

Cadmium (Cd) plastic stabilisers, papers, paints, pigments, batteries, printing inks, galvanized items, alloys, 
solders, surface metal coatings, textiles, semiconductors, glazed ceramics 

Thallium (Tl) electronics, semiconductors, optics, certain types of glass, fuels, lamps, alloys, plant 
materials, biological tissues 

Arsenic (As) clay materials, paints, medicines, pesticides, electronics, semiconductors, cosmetics, certain 
glass types, alloys, lamps, leather, orchard leaves 

Antimony (Sb) plastics, alloys, electronics, semiconductors, batteries, rubber, pigments, textiles, cables, 
surface metal coatings, certain types of glass, medicines 

Copper (Cu) alloys, steels, electronics, papers, printing materials, paints, plastics, galvanized items, 
building materials, fungicides, plant matter, chicken plasma 

Cobalt (Co) alloys, steels, inks, magnets, fuels, pigments, ceramics, certain types of glass, fertilisers 

Chromium (Cr) cardboards, papers, certain types of glass, paints, pigments, leather, alloys, steels, 
electronics, surface metal coatings, galvanized items, fireproofing, plastics 

Nickel (Ni) alloys, steels, batteries, plastics, pigments, certain types of glass, coins, electronics, surface 
metal coatings, magnets, vegetable oils 

Molybdenum (Mo) alloys, steels, batteries, electronics, lamps, papers 

Zinc (Zn) alloys, printing inks, papers, rubber, plastics, batteries, surface metal coatings, galvanized 
items, pigments, semiconductors, pesticides, medicines, food remains 

Tin (Sn) plastic stabilisers, tins, solders, surface metal coatings, alloys, semiconductors, certain types 
of glass, pesticides, pigments, lubricating oils 

Lead (Pb) plastics, pipes, paints, pigments, alloys, papers, cardboards, rubber, batteries, printing inks, 
glazed ceramics, electronics, cables, solders, surface metal coatings, galvanized items, certain 
types of glass, fuels, food remains, blood 

Manganese (Mn) steels, alloys, batteries, certain types of glass, resins, pigments, galvanized items, fuels, 
textiles, pesticides, fungicides, fertilisers, fatty acids 

Vanadium (V) steels, alloys, electronics, textiles, varnishes, rubber, ceramics, certain types of glass, 
medicines 

Source: Vassilev & Braekman-Danheux, Fuel Processing Technology, 59 (1999), 135-161 

A 3 .36 .  The  i ssues  concern ing  the  poss ib le  uses  o f  ‘ compos t ’ / so i l  improver  p roduced by  an  MBT 
p rocess  and the i r  subsequen t  impac t  on  land  i s  d iscussed  in  de ta i l  i n  Annex C6 .  
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Figure A15: Overview of post-refining operations in MBT processes 

 CLO SRF Bio-stabilised output 

Objectives To produce a soil improver 
product that can be used for 
landscaping, agricultural and 
remediation projects.  

To produce a solid recovered fuel 
with a quality and composition 
that would meet current and 
future industry, national and EU 
specifications for co-combustion 
applications. 

To produce a fully bio-stabilised 
material that can be used for 
landfill daily cover and landfill 
top cover. 

Technical 
challenges 

If the MBT output is to be used on 
soil, the level; of visible 
contamination from plastic film 
need to be < 0.25% by weight, 
otherwise the marketability is 
affected (see Annexe C6).  

 

Plastics recovered in the refining 
of the bio-stabilised output for 
soil applications is usually 
landfilled, rather than recycled, 
because it is contaminated with 
other similarly size inert 
materials.  

 

It is also desirable to reduce the 
amount of glass in the bio-output, 
as this is detrimental to 
machinery and animals when used 
on crops and pastureland 
respectively.  

 

The heavy metal contamination 
must be controlled and kept to a 
minimum.  The removal of heavy 
metal containing waste fractions 
(see Figure A14) must be 
achieved by the upstream 
process. 

When the MBT output (SRF) is to 
be used as a fuel or co-fuel, 
contamination from certain types 
of plastics such as PVC1, 
aluminium and heavy metals are 
problematic.  The end-users will 
usually specify limits on the level 
of contamination and particle 
size of the fuel.  

 

Aluminium melts at relatively low 
temperatures, which can result in 
slag build-up on the cooler parts 
of the boiler furnace.  This can 
cause a reduction in the 
operational efficiency of the 
boiler and increase maintenance 
costs (see further discussion in 
Annexe C4). 

 

The size and form (pelletised, 
baled, etc.) of the SRF is also 
important for co-combustion 
applications.  Smaller particles 
burn more readily and are easier 
to blend with other co-fuels in 
boilers and cement kilns, but will 
be a fire hazard when stored or 
transported.  Pellets are easier to 
feed but expensive to produce, 
whilst baled materials allow more 
economical transportation of the 
SRF.  

 

The issues in blending SRF with 
coal in utility power plants are 
discussed in Annexe C4. 

Little or no post-refining of the 
MBT output is performed to 
remove contaminants when the 
bio-stabilised materials are to 
be landfilled.  However, some 
MBT processes (mainly in 
Germany) use mechanical 
separation systems to recover a 
coarse fraction, as RDF, from 
the bio-stabilised output 
destined for landfill.  

 

The length of biological 
processing will determine the 
degree of bio-stabilisation.  
However, if contamination of 
the output includes organic 
materials, leaving it in might 
result in too high a level of 
residual bio-degradability.   

1 PVC – Poly Vinyl Chloride – generates chlorine and chlorine based compounds when burnt, which can cause corrosion 
problems when treated in boilers (See Annexe C for further discussion). 

Source: Juniper analysis 
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A4 Biological treatment 

A 4 .1 .  The choice  o f  the  b io log ica l  e lement  is  in t r ins ica l l y l inked to  the  des i red  output  
f rom the  MBT process .    

A  4 .2 .  As  d i scussed ea r l i e r  i n  th i s  Annexe ,  MBT p rocesses  can be  des igned  to :  

 produce  a  b io -s tab i l i sed  mate r i a l  f o r  use  in  l and f i l l ;   

 produce  a  ‘Compos t -L i ke -Outpu t ’  (CLO) ;  

 produce  a  b iogas  fo r  hea t  and /o r  power  genera t ion ;  

 produce  a  ‘good  qua l i t y ’  so l i d  fue l  (SRF)  fo r  co -combus t i on  app l i ca t ions .  

A  4 .3 .  O f ten ,  i t  i s  des i rab le  to  p roduce  more  than  one  o f  the  above  ou tpu ts .   I n  such  cases ,  the  
MBT p rocess  des ign  may have  more  than  one  b io log ica l  e lement .  

Producing a bio-stabilised output for use in landfil l  

A 4 .4 .  MBT p rocesses  were  o r ig ina l l y  deve loped  in  Germany to  b io -s tab i l i se  MSW to  the  
degree  necessary  to  enab le  depos i t i on  in  a  l and f i l l  and  mee t  the  requ i remen ts  o f  t he  EU 
Land f i l l  D i rec t i ve .   The  b io -s tab i l i sa t i on  reduces  the  b io log ica l  ac t i v i t y  o f  t he  land f i l l  and  
causes  less  methane1 gas  genera t ion .  

Figure A16: Bio-stabilised output to landfill 

 

 

 

 

 

 

 

A  4 .5 .  Th is  ob jec t i ve  i s  cen t ra l  to  many o f  MBT p rocesses  be ing  opera ted  in  Germany  and  as  a  
consequence,  much  o f  the  research  on  the  b io -s tab i l i sa t i on  o f  MSW has  taken  p lace  

                                                                  
1 T h e  e m is s i on  o f  m e t ha ne  f r o m  wa s t e  l a n d f i l l  i s  a  c o n t r i bu t o r  t o  ‘ g r ee nh ous e ’  ga s es  e m i t t e d  t o  t h e  
a t m os ph e r e .  

Mechanical  
Processing  

B io log ica l  
Treatment  

Waste   
Inpu t  

B io -s tab i l ised  
output  to  landf i l l  

Dry 
recyc lab les  

Re jec ts  

Emiss ions  to  
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t he re .   Th is  management  rou te  fo r  the  b io -s tab i l i sed  ou tpu t  i s  a lso  common in  I ta l y  and  
to  a  l esse r  ex ten t  Aus t r i a .  

A  4 .6 .  Cur ren t l y ,  only MBT processes  that  u t i l ise  compost ing1 (aerob ic  d igest ion)  can  
suf f ic ient ly  b io -s tab i l ised  the  MSW input  t o  mee t  the  land f i l l  r equ i rements  i n  
Germany,  I t a l y  and  Aus t r i a .   

A  4 .7 .  The  requ i rements  o f  the  UK ABPR (as  d iscussed in  Annexe  B4 )  mean tha t  in -vesse l  
compost ing  is  the  on ly re levant  compost ing  technology that  can  be  implemented  in  
the  UK for  t rea t ing  MSW,  i f  the  b io -output  is  to  be  used on  so i l .   I t  i s  poss ib le  tha t  
o the r  compos t i ng  techno log ies 2 cou ld  be  inco rpo ra ted  in  MBT des igns  i f  t he  b io -
s tab i l i sed  ou tpu t  i s  to  be  used  in  l and f i l l  app l i ca t i ons .  

A 4.8. Nevertheless, i t  is unl ikely that an MBT process based on ‘open-air’  composting of MSW would 
obtain the necessary waste management l icence and IPPC certi f icat ion to operate in the UK. 

A  4 .9 .  Because tunne ls3 a re  o f ten  used  fo r  i n -vesse l  compos t ing ,  the  te rm ‘ tunne l -
compost ing ’  i s  somet imes  used  to  desc r ibe  the  techno logy.   I n  o the r  i ns tances  the  
compos t i ng  process  i s  ca r r i ed  ou t  i n  l a rge  enc losed bu i l d ings ,  re fe r red  to  as  ‘ha l l s ’  and  
the  te rms  ‘ in -ha l l  compost ing ’  o r  ‘ in -bu i ld ing  compost ing ’  have  been used  as  
desc r ip t i ons .    

A  4 .10 .  In  ae rob ic  compos t ing  p rocesses ,  the  degrada t ion  o f  b iodegradab le  mate r i a l s  occurs ,  as  
the  name imp l ies ,  i n  the  p resence  o f  oxygen  ( i . e .  i n  con tac t  w i th  a i r ) .    

A  4 .11 .  The  was te  passes  th rough  a  w ide  range  o f  tempera tu res  over  the  course  o f  the  ac t i v e  
ae rob ic  compos t i ng  pe r iod .   As  the  tempera tu re  va r ies ,  cond i t i ons  become unsu i tab le  
fo r  some mic ro -o rgan isms  wh i le  a t  the  same t ime  becoming  idea l  fo r  o the rs .   

A  4 .12 .  The  mate r i a l  be ing  compos ted  requ i res  wa te r  and  a  con t ro l l ed  f l ow o f  a i r  t o  suppor t  
bac te r ia l  g rowth .   The  degrada t ion  p rocess  re leases  hea t  and  was te  gases  (ma in l y  CO 2  

and  wa te r  vapour ) ,  wh ich  a re  a l so  con t ro l l ed  to  op t im ise  the  tempera tu re  o f  the  
compos t i ng  process  and  the reby the  bac te r ia l  ac t i v i t y  i n  the  was te .   

A  4 .13 .  P ropr ie ta ry  sys tems  d i f f e r  i n  the  ways  in  wh ich :  

 t he  p rocess  pa ramete rs  a re  con t ro l l ed ;  

 t he  va r ious  inpu ts  (a i r  and  wa te r )  a re  admin is te red ;   

 t he  ou tpu ts  (was te  gases  and  leacha te  a re  managed) ;    

 t he  was te  i s  hand led  be fore ,  du r ing  and  a f te r  compos t i ng .   

 

                                                                  
1 A e ro b i c  d i g es t i o n  p r oc es s es  we r e  t r a d i t i ona l l y  u s e d  t o  p ro d uc e  c o mp os t  f r o m  g re en  wa s t e ,  h enc e  t he  t e r m 
‘ c o m pos t i n g ’ .  I t  i s  i mp o r t an t  t o  r e a l i s e  t h a t  n o t  a l l  p r ocesse s  t ha t  a r e  ca l l e d  ‘ c om pos t i ng ’  p ro d uce  a  co m pos t  
t ha t  c an  b e  use d  on  s o i l .   
2 Co m pos t i n g  t ech no lo g ies  r a n ge  f r o m  r ud i m en t a r y  a p p r o ach es ,  suc h  as  op en  a i r  co m pos t  he ap s  an d  
w i n d r o ws  f o r  g r ee n  wa s t e ,  t o  c o mp le x  h e a t ed  i n - ves s e l  s ys t ems ,  wh i c h  c an  be  us ed  t o  e i t he r  d r y  o r  f u l l y  
d i ges t  pu t r esc i b l e  was t es  ( s uc h  as ,  k i t c he n  f oo d  was t e ) .  
3 Rec ta ng u l a r  r e ac t o r s  m ad e  f r o m c onc re t e  o r  s t e e l    
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A 4 .14 .  Fo r  i ns tance,  some p ropr ie ta ry  sys tems  use  recyc led  process  a i r  t o  con t ro l  the  
tempera tu re  and  humid i t y  o f  t he  p rocess  wh i le  o the rs  do  no t .    

A  4 .15 .  In  some sys tems  a i r  i s  supp l ied  under  s l i gh t  p ressure  through in - f loor  vents ,  wh i le  
o the rs  u t i l i se  an  a ir  suct ion  con f igu ra t ion  tha t  d raws  the  a i r  th rough  the  was te ,  o r  bo th .  

A  4 .16 .  Some p rocesses  use  manua l  feed ing  o f  ma te r i a l s  us ing  mechan ica l  l oaders ,  wh i le  o the rs  
feed  and  d ischarge  the  was te  f rom the  compos t i ng  process  us ing  au tomated  sys tems .  

A  4 .17 .  Some o f  the  supp l ie rs  o f  p rop r ie ta ry  MBT p rocesses  tha t  we  have  rev iewed  in  Annexe  D ,  
have  opera t ing  re fe rence p lan ts  p roduc ing  a  b io -s tab i l i sed  ou tpu t  f rom MSW fo r  l and f i l l  
app l i ca t ions .  A  l i s t  o f  these  supp l ie rs  can  be  found in  Annexe  D2 .  

A  4 .18 .  The  advantages  and  d isadvantages  o f  the  p rocess  va r ian ts  desc r ibed  in  A 4 .14  t o  A 
4 .16  a re  summar ised  Figure  A17 ,  a long  w i th  the  var ious  un i t  opera t ions  and opera t iona l  
pa ramete rs  used in  MBT p lan ts  tha t  i nco rpora te  ae rob ic  compos t ing .   The  in fo rmat ion  in  
Figure  A17  i s  no t  spec i f i c  to  p roduc ing  a  b io -s tab i l i sed  mate r i a l  su i tab le  fo r  use  in  
l and f i l l ,  bu t  i t  i s  he lp fu l  i n  summar i s ing  how some o f  the  p rocess  des ign  cho ices  can  
in f l uence the  opera t ion  o f  the  p lan t  and  the  qua l i t y  o f  the  b io -s tab i l i sed  ou tpu t  f rom the  
MBT p rocess .  

A  4 .19 .  In  Germany and Aust r ia ,  a  m in imum o f  abou t  8  weeks  o f  compos t i ng  i s  requ i red  to  
reduce  the  resp i ra t i on  ac t i v i t y  ( see  Annexe  B )  o f  t he  was te  to  a  l eve l  su i tab le  fo r  
l and f i l l i ng ,  wh i le  i n  I t a l y  abou t  4 -6  weeks  i s  requ i red  (as  d i scussed  in  Annexe  B3 ) .    

Producing a compost-like output (CLO) 

A 4 .20 .  Aerobic  compost ing  process  can  a lso be  conf igured  to  produce  a  CLO to  be  used  
on  so i l .    

A  4 .21 .  The  th ree  key s tages  in  the  MBT p rocess  tha t  de te rm ines  the  qua l i t y  o f  the  CLO a re :  

 t he  res idence t ime  and  cont ro l  o f  the  compos t ing  p rocess ;  

 t he  leng th  o f  t ime fo r  ma tura t ion ;  and  

 t he  degree  o f  pos t - re f i n ing .   

A  4 .22 .  To use  CLO on so i l  in  the  UK,  the  MBT process  has  to  be  UK ABPR compl iant  (see  
Annexe  B) .    

A  4 .23 .  Cur ren t l y ,  mos t  o f  t he  Cont inen ta l  MBT sys tems  do  no t  fu l f i l  t he  requ i remen ts  o f  t he  UK 
ABPR regu la t i ons  and  the re fo re  wou ld  need  to  be  mod i f i ed ,  to  va r i ous  degrees ,  to  
p roduce  CLO tha t  cou ld  be  used  on  so i l  i n  the  UK.  

A  4 .24 .  Some MBT p rocesses ,  wh ich  p roduce  a  CLO,  a re  des igned to  shor ten  the  t ime  per iod  fo r  
the  compos t ing  phase ,  i n  some cases  to  as  l ow as  seven days .   
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A 4 .25 .  I f  t he  CLO does  no t  undergo  su f f i c ien t  ma tu ra t ion  a f te r  the  in tens ive  compos t i ng  s tage ,  
then  i t  i s  l i ke l y  to  be  o f  a  poore r  qua l i t y  than  CLO ob ta ined  f rom we l l  des igned  
p rocesses  tha t  compos t  was te  and  matu re  the  ou tpu t  fo r  l onger  pe r iods  o f  t ime .  

A  4 .26 .  The  matu ra t ion  s tage  i s  impor tan t  i f  the  mate r i a ls  a re  to  be  used  on  so i l  as  i t  ba lances  
the  C :N1 ra t i o  and  reduces  the  leve ls  o f  some o rgan ic  ac ids ,  wh ich  cou ld  be  damaging  
to  so i l .   I n  add i t i on ,  the  fo rmat ion  o f  humic  ac ids ,  wh ich  s tab i l i se  the  CLO,  i s  comple ted  
du r ing  the  matu ra t i on  s tage .   

A  4 .27 .  Use  as  a  so i l  improver  on  c rops  and  pas tu re land  requ i res  h igh  l eve l s  o f  ma tu ra t i on ,  bu t  
the re  a re  s ign i f i can t  i ssues  assoc ia ted  w i th  us ing  MBT-der ived  compos ts  i n  such  
app l i ca t i ons ,  wh ich  we  d i scussed  in  Annexe  C6 .  

A  4 .28 .  CLO tha t  has  lower  l eve ls  o f  ma tu ra t ion  m igh t  be  l im i ted  to  app l i ca t ions  l i ke  land f i l l  
da i l y  cover  and  land f i l l  f i na l  cap .   

A  4 .29 .  The  pos t - re f i n ing  s tage i s  impor tan t  i n  remov ing  con tamina t ion  f rom the  CLO.  
Essen t ia l l y ,  p rocesses  des igned  to  s ign i f i can t l y  reduce  the  leve ls  o f  heavy meta l s  and 
v isua l  con taminat ion  in  the  CLO wi l l  p roduce  a  more  accep tab le  p roduc t  tha t  cou ld  be  
more  a t t rac t i ve  to  end-users  i n  the  UK.  

Producing a biogas 

A 4 .30 .  Biogas  i s  a  m ix tu re  o f  methane (CH 4 )  and  carbon d iox ide  (CO 2 ) .   Only anaerobic  
d igest ion  (AD)  processes  can  produce  b iogas .  

A  4 .31 .  AD  d i f f e rs  f rom aerobic  compost ing  i n  tha t  the  degrada t ion  o f  b iodegradab le  mate r i a ls  
occu rs  i n  the  absence  of  oxygen .  The  p rocess  a l so  p roduces  a  d iges ta te  (und iges ted  
mate r i a l s ,  t yp i ca l l y  i no rgan ic  mine ra l  ma t te r ) .  

A  4 .32 .  Usua l l y ,  t he  b iogas  i s  c leaned  to  reduce  i t s  mo is tu re  con ten t  and  remove  H 2 S  (hyd rogen  
su lph ide )  be fo re  i t  i s  p ressur ised  and i n jec ted  in to  gas  eng ines .   The  gas  eng ines  
genera te  e lec t r i c i t y .   Heat  can  a l so  be  recovered  f rom the  coo l ing  sys tem fo r  the  gas  
eng ines  and  th i s  has  been  des igned in to  some opera t ing  MBT p lan ts .  

A  4 .33 .  The  d i f f e ren t  con f igu ra t ions  fo r  manag ing  the  d iges ta te  f rac t ion  f rom AD a re  d i scussed 
la te r  i n  th is  sec t i on .  

A  4 .34 .  In  commerc ia l  sys tems  the  was te  d iges t ion  i s  ca r r i ed  ou t  i n  one  vesse l  (s ing le -  s tage  
AD) ,  o r  two  vesse ls  ( tw o-s tage  AD) .  

A  4 .35 .  D iges te rs  have  been  imp lemented  in  MBT con f igu ra t i ons  to  opera te  w i th  m in ima l  wa te r  
add i t i on  (ca l l ed  ‘Dry’  AD )  and  to  t rea t  suspens ions  or  s lu r r i es  ( ca l l ed  ‘Wet ’  AD ) .  

                                                                  
1 C : N  ra t i o  r e fe r s  t o  t h e  ca rb on  t o  n i t r og e n  co n t en t  o f  t h e  ‘ c om pos t ’ .   I f  t h e  C : N  r a t i o  i s  t o o  h i g h  t h e  c o m p o s t  
w i l l  c o n t a i n  i ns u f f i c i e n t  n i t r o ge n  t o  s u p po r t  t h e  g r o w t h  o f  m i c r o - o r ga n i s ms .  
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Figure A17: Assessment of various systems and parameters used in composting-based MBT processes 

SYSTEMS ADVANTAGES DISADVANTAGES 

Air suction systems Down-flow air suction is said to reduce 
dust and bio-aerosol emissions  
Reduces ‘mist’ and dust in ‘in-hall 
composting’ systems 

Fine materials can be sucked through in-
floor vents causing blockages 

Positive pressure air supply  Enhances aeration and therefore the 
control of the composting process 
 

Can cause high levels of dust especially in 
‘in-hall’ composting systems, which could 
lead to a higher risk of bio-aerosols 

Automated feeding and 
discharge systems 

Less exposure of workers to waste, dust 
and bio-aerosols 
Less  cross-contamination issues, which 
could be beneficial for meeting the 
requirements of the UK ABPR  

Relatively high maintenance 
Relatively high capital  and operating 
costs   

‘Manual’ feeding and 
discharge 

Relatively inexpensive and reliable  Exposure of workers to waste, dust and 
bio-aerosols 
Potential cross-contamination issues 

Compost Turning Improves homogeneity ensuring that 
oxygen (air) gets to all parts of the waste, 
thus ensuring that part of the waste does 
not start to degrade anaerobically (which 
will increase odours and reduce 
degradation rates) 
Prevents channelling, caking and drying 
Enhances biodegradation 

Dust and other bio-aerosol risks 
Capital intensive machinery required 

DESIGN PARAMETERS ADVANTAGES DISADVANTAGES 

Water & moisture addition Water levels are usually maintained to 
between 40 and 65% for the composting 
process to take place 

Below 40% moisture - the composting 
process becomes inhibited 
Greater than 65% moisture - water 
replaces air in the pore spaces of the 
waste and process can become anaerobic 

Air recirculation Reduces fresh air requirements 
Reduces loading on off-gas cleanup 
systems such as biofilters and RTO’s 

Complex air mixing and control system 
Could, in some cases, introduce cross-
contamination issues 

Use of RTO’s Good abatement of all emissions from 
composting processes including TOC (total 
organic carbon) 

High capital and operating costs as a 
result of the need for fossil fuel usage 
Potentially significant visual impact 
because of the need for a fluegas stack 

Co-composting Co-composting MSW with sludges provides 
additional nutrients (mainly nitrogen) for 
the bacteria to grow; enhancing bio-
degradation 

Odour issues in handling, storing and 
using materials such as sewage sludge 

 ‘Structure’ materials Cellulose based materials are added to 
lower the bulk density of the waste 
thereby improving aeration 

Potentially increased cost and storage 
requirements 

Thermophilic or mesophilic Pathogen kill better with thermophilic 
Mesophilic systems are less energy 
intensive 

Environment Agency may require 
thermophilic because of ABPR related 
concerns.  

Particle size Small particles enhance the bio-
degradation rate.  Optimum sizes are 
usually between 5-50mm 

Very fine particles increase the pressure 
drop across the materials being 
composted and therefore reduces the 
aeration and thus the rate of bio-
degradation 

Source: Juniper analysis 
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A 4 .36 .  Some d iges t ion  sys tems  are  des igned  to  opera te  a t  tempera tu res  o f  abou t  35 0 C,  where  
mesoph i l i c1 bac te r ia  th r i ve ,  wh i le  o the rs  a re  des igned  to  opera te  a t  h igher  tempera tu res  
o f  abou t  55 0 C,  where  the rmoph i l i c2 bac te r ia  p redomina te .  The  fo rmer  i s  re fe r red  to  as  
‘mesophi l ic  AD’  and  the  la t te r  as  ‘ thermophi l ic  AD’ .  

A  4 .37 .  P rocess  supp l ie rs  imp lement  d i f fe r i ng  s t ra teg ies  in :  

 pre - t rea t ing  the  was te  be fo re  the  anaerob ic  d iges t ion  p rocess ;   

 t he  des ign  o f  the  d iges te r  to  op t im ise  b iogas  y ie ld  and  to  m in imise  
downt ime ;  and ,  

 b iogas  c lean ing .   

A  4 .38 .  Consequen t l y ,  t he re  a re  a  hos t  o f  p rop r ie ta ry  AD p rocesses  tha t  have  been inco rpora ted  
i n to  MBT conf i gu ra t ions .  

Single-stage vs two-stage AD 

A 4 .39 .  Essen t ia l l y ,  t he  mechan ism o f  was te  d iges t i on  invo lves  two  main  s teps :  

 Hydro lys is  and  acetogenes is  p rocesses ,  wh ich  conver t  the  b io -degradab le  
was te  to  g lucose  and  amino  ac ids ,  and  then  to  fa t t y  ac ids ,  hyd rogen  and  
ace t i c  ac id3 

 Convers ion  o f  the  p roduc ts  o f  hyd ro l ys i s  and  ace togenes is  to  a  gas  r i ch  i n  
methane (b iogas ) .   Th is  p rocess  i s  ca l l ed  methanogenes is .    

Figure A18: MBT with single-stage AD 

 

 

 

 

 

 

 

                                                                  
1 M es o ph i l i c  -  f r o m  t he  Gr ee k  wo rd  m esos  -  ( m id d l e )  d esc r i bes  t he  g r o w th  o f  m i c ro  o r ga n i s ms  i n  t h e  
m o de r a te  t e mpe r a tu re  r a n ge ,  f r o m ab ou t  2 0 o C  (o r  l o we r )  t o  ab ou t  4 5 o C .    
2 T e r m use d  t o  desc r i b e  ‘ he a t - l o v i ng ’  b ac t e r i a  w i t h  a n  o p t i m u m g r ow t h  t e mp e r a tu r e  o f  50 o C  o r  m o r e ,  a  
m a x i m u m o f  up  t o  7 0 o C  o r  m o r e ,  an d  a  m i n im u m o f  ab ou t  2 0 o C  
3 T h e  p roc es s  o f  c o n ve r t i ng  t h e  g l uc os e  a n d  am i no  ac i ds  t o  ac e t i c  a c i d  i s  s om e t i m es  re f e r r ed  t o  as  
‘ ac e to ge nes i s ’ .   
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A 4 .40 .  In  s ing le -s tage  AD p rocesses ,  hyd ro lys i s ,  ace togenes is  and  methanogenes is  take  p lace  
in  a  s ing le  reac to r .  

A  4 .41 .  Me thanogenes is  requ i res  d i f fe ren t  op t imum cond i t i ons ,  such  as  pH,  f rom hyd ro lys i s  and 
ace togenes is  and  i t  t akes  p lace  much  more  s lowly 1.    

A  4 .42 .  By separa t ing  the  two  p rocesses ,  the  cond i t i ons  fo r  the  two  key s teps  can  be  op t im ised 
separa te l y .  

Figure A19: MBT with two-stage AD 

 

A  4 .43 .  Wh i le  i t  has  been  repor ted  in  the  l i t e ra tu re  tha t  th i s  cou ld  i nc rease  the  ra te  o f  b iogas  
genera t ion ,  and  the re fo re  the  overa l l  pe r fo rmance o f  the  AD p rocess ,  the  o f ten -c i ted  
d i sadvan tages  o f  us ing  two-s tage  anaerob ic  d iges t ion  a re :  

 Higher  cap i ta l  cos ts  because  o f  the  g rea te r  number  o f  reac to rs  and  
aux i l i a r i es  tha t  w i l l  be  requ i red ;  

 More  complex  p rocess  con t ro l .  

Wet vs Dry AD 

A 4 .44 .  Anaerob ic  d iges t i on  was  in i t i a l l y  adopted  fo r  l ow so l i ds  app l i ca t i ons ,  p redominan t l y  i n  
the  sewage  t rea tment  sec to r .  Thus  i t  has  been  seen as  a  use fu l  t echno logy fo r  dea l i ng  
w i th  h igh  mo is tu re  feeds .      

                                                                  
1 T h e  s l o w  m e t h a no ge nes i s  s t ep  i s  t he  p r i ma r y  r e as o n  wh y  A D  p r oc es s es  t ak e  l on ge r  t h a n  a e r o b i c  d i g es t i o n  
t o  ac h ie ve  s im i l a r  l e ve l s  o f  b i o -d eg ra da t i on .  T he  l on ge r  r e t en t i o n  t i me  t r a ns la t es  t o  l a rg e r ,  o r  m o r e ,  r e ac t o r s  
a n d  p o t e n t i a l l y  h i g h e r  c a p i t a l  c os t s .  
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A 4.45. However, there has been a noticeable trend over the past decade towards the use of AD for 
waste streams that have higher sol ids content than sewage sludge and wastewater, opening 
up a range of new appl ications treating commercial, industrial and municipal solid wastes .    

A  4 .46 .  Some compan ies  have  chosen  to  p re - t rea t  the  MSW input  to  ob ta in  a  suspens ion  o r  
s lu r ry  s im i la r  to  was tewate r  o r  s ludge.   Th is  i s  done  so  tha t  AD sys tems  p roven  in  
s ludge  d iges t ion ,  was tewate r  t rea tmen t  and  in  the  d iges t ion  o f  va r ious  o rgan ic  was tes ,  
such  as  manure ,  can  be  u t i l i sed  w i thout  s ign i f i can t  mod i f i ca t i ons .  

A  4 .47 .  O the r  compan ies  have  des igned  MBT sys tems  tha t  have  min ima l  p re - t rea tmen t ,  and 
the re fo re  the  inpu t  to  the  d iges te r  has  re la t i ve l y  h igh  so l i ds  con ten t .   

A  4 .48 .  A  d i s t i nc t i on  i s  made  be tween  p rocesses  tha t  t rea t  l ow so l i d  con ten t  was tes  (usua l l y  
<15% DM1)  -  ‘Wet ’  AD  -  and  those  tha t  a re  des igned to  t rea t  h igher  so l i ds  conten t  was te  
(15 -40% DM) -  ‘Dry’  AD .  

A  4 .49 .  Th is  d is t i nc t i on  g i ves  an  in i t i a l  i nd i ca t ion  o f  the  ex ten t  o f  was te  p re - t rea tmen t  and  pos t -
t rea tmen t  tha t  w i l l  be  requ i red  to  p rov ide  a  su i tab le  i npu t  fo r  the  AD s tage .  Th is  i s  
shown schemat i ca l l y  be low.  

Figure A20: A typical MBT process using Wet AD 
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Figure A21: A typical MBT process using dry AD 

A 4 .50 .  As  can  be  seen ,  MBT p rocesses  based  on  d ry  d iges t i on  requ i re  fewer  p re- t rea tment  
s tages  than p rocesses  based  on  we t  d iges t ion .   There fo re ,  dry d igest ion  processes 
can  have  low er  cap i ta l  and  operat iona l  costs .  

A  4 .51 .  In  add i t i on ,  d ry  p rocesses  p roduce  less  was tewa te r  than we t  d iges t ion  sys tems  and  
the re fo re  requ i re  l ess  equ ipment  fo r  manag ing  th i s  e f f l uen t  s t ream.  

A  4 .52 .  Ano the r  advan tage  o f  MBT based  on  d ry  AD i s  tha t  p rob lems  such  as  ‘ se t t l i ng ’1 
‘ f oaming ’2 and  ‘ f l o ta t i on ’3 t ha t  have  occur red  w i th  some we t  AD p lan ts  we  have  rev iewed  
a re  avo ided  (see  the  rev iew o f  the  SBI  and  L inde p rocesses  in  Annexe  D3 ) .   

A  4 .53 .  However ,  t he  con ten ts  o f  the  d iges te r  i n  d ry  AD p rocesses  a re  essen t ia l l y  i n  p lug  f l ow 
and  as  a  resu l t  t hese  sys tems  depend on  ex te rna l  m ix ing  o f  the  feed  fo r  homogene i t y .   
I f  t h i s  i s  i ne f f i c ien t ,  t he  d iges t i on  p rocess  i s  adverse l y  a f fec ted .    

A  4 .54 .  Converse ly ,  because no  mechan ica l  equ ipmen t  i s  used ins ide  the  d iges te r ,  downt ime  as  
a  resu l t  o f  mechan ica l  fa i l u re  i n  the  d iges te r  (see  the  rev iew o f  the  SBI  p rocess  in  
Annexe  D3 )  i s  avo ided.  

A  4 .55 .  A  l i s t  o f  the  compan ies  tha t  supp ly  AD techno log ies  tha t  have been  inco rpora ted  in to  
MBT p lan ts  des igned to  t rea t  MSW is  p rov ided  in  An nexe  D2 .   

                                                                  
1 ‘ Se t t l i n g ’  i s  t h e  s ed i me n ta t i o n  o f  b i od eg rad a b l e  so l i ds  a t t ach ed  t o  he a vy  i n e r t s  i n  t h e  wa s t e .  
2 ‘ F o am i n g ’  i s  t he  e n t r a i n me n t  o f  b i o de g r ada b le  s o l i ds  w i t h  l i gh t  p l as t i c s  ( s uc h  as  po l ys t y r e ne )  r es u l t i n g  i n  
p o o r  m i x i ng  a nd  l o w  b io g as  y i e l d .  
3 ‘ F l o ta t i o n ’  -  l a ye r s  o f  l i gh t  m a t e r i a l s  t h a t  i nc l u de  c o rk s ,  p l as t i c  t u bes  an d  p o l ys t y r e ne  t h a t  f l o a t  t o  t h e  t o p  
o f  t he  d i g e s t e r .  Th e  l a ye r  c an  d r y  o u t  a n d  f o r m  a  h a r d  l a ye r  o n  t o p  o f  t h e  d i g es t e r  c o n t e n t s ,  wh i c h  a f f e c t s  
b i og as  y i e l d  an d  c an  da m ag e  i n t e r na l  m i x i ng  u n i t s .    
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Mesophi l ic vs.  Thermophil ic AD 

A 4 .56 .  B iochemica l  reac t i on  ra tes  i nc rease  w i th  tempera tu re ,  un t i l  a  l im i t i ng  tempera tu re  i s  
reached .  Thermoph i l i c  d iges t i on  i s  the re fo re  much  fas te r  than  mesoph i l i c  d iges t i on .  Th is  
t rans la tes  to  shor te r  re ten t ion  t imes  to  ach ieve  a  cer ta in  b iogas  y ie ld  as  compared  w i th  
mesoph i l i c  sys tems .  

A  4 .57 .  The  in te res t  i n  the rmoph i l i c  p rocess ing  has  inc reased  s ign i f i can t l y  because  o f  i t s  
s te r i l i s i ng  p roper t i es  tha t  can  reduce hea l th  concerns  assoc ia ted  w i th  the  poss ib le  
p resence o f  pa thogens .  The  requ i rements  o f  the  UK ABPR fo r  b iogas  p roduc ing  
p rocesses  (see  Figure  B5  i n  Annexe  B )  i s  tha t  the  p rocess  ho lds  the  was te  a t  a  
tempera tu re  o f  57 0 C  fo r  a t  l eas t  5  hours  o r  fo r  a t  l eas t  1  hour  a t   70 0 C .    

A  4 .58 .  Therefore  some MBT processes ,  w hich  u t i l ise  thermophi l ic  condi t ions ,  are  capable  
o f  meet ing  the  operat ing condi t ions  set  out  in  the  UK ABPR.  

A 4 .59 .  The  main  d isadvantages  o f  the rmoph i l i c  sys tems  a re :  

 t he  h igh  energy  requ i rements  to  ma in ta in  the  opera t ing  tempera ture ;  

 t he  add i t i ona l  i n f ras t ruc tu re  to  p rov ide  in -s i tu  hea t ing  o f  the  conten ts  o f  the  

d iges te r  o r  the  hea t ing  and  c i r cu la t i on  o f  these mate r ia l s  to  and  f rom 

ex te rna l  hea t  exchangers .    

A  4 .60 .  Thermoph i l i c  sys tems  a re  the re fo re  usua l l y  v iab le  where  the  p rocess  requ i res  the  l owes t  
amoun t  o f  energy .  There fo re  i t  i s  no t  su rp r is ing  tha t  mos t  o f  the  we t  AD p rocesses  use  
mesoph i l i c  d iges t i on  ( l a rge r  quan t i t i es  o f  ma te r ia l  t o  hea t ) ,  wh i le  mos t  o f  the  d ry  AD  
sys tems opera te  under  thermoph i l i c  cond i t i ons .  

Uti l is ing the digestate f raction f rom AD 

A 4 .61 .  The  d iges ta te  f rom AD processes  inco rpora ted  in to  MBT con f igu ra t ions ,  have  so  fa r  
been  used in  a  number  o f  d i f fe ren t  ways .   The  mos t  impor tan t  a re :  

 Compos ted  and  sen t  to  l and f i l l ;  

 Compos ted  and  used  as  Compos t -L i ke -Outpu t  (CLO)1;  

 Dewate red  and  used  w i thou t  fu r the r  t rea tment  as  a  ‘ f e r t i l i se r ’ ;  

 Dewate red  and  combus ted .  

A  4 .62 .  In  Germany the  MBT p lan ts  u t i l i s i ng  AD to  t rea t  MSW,  fu r the r  b io -s tab i l i se  the  d iges ta te  
to  a  qua l i t y  su i tab le  fo r  use  in  l and f i l l  app l i ca t i ons .   A  t yp i ca l  p rocess  conf igu ra t ion  i s  
shown be low.  

 

                                                                  
1 T h e  r ea de r  i s  r e f e r re d  t o  An n e xe  C 6  f o r  d i s c us s i on  a bou t  t h e  v i a b i l i t y  o f  ma rk e t s  f o r  c o mp os t - l i k e  o u t pu t s  
f r o m MB T.  
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Figure A22: Digestate bio-stabilised for use in landfill 

 

 

 

 

 

 

 

 

 

 

A  4 .63 .  In  some MBT p lan ts  the  d iges ta te  i s  compos ted  and  fu r the r  matu red  (usua l l y  fo r  ove r  6 -
8  weeks )  so  tha t  i t  can  be  u t i l i sed  on  so i l .   Th is  l onger  matu ra t ion  s tep  i s  essen t i a l  t o  
ba lance  the  C :N  ra t i o ,  v ia  ass imi la t i on  o f  ammonia  to  o rgan ic  n i t rogen  (see  A 4 .26 )  and  
comple te  the  fo rmat ion  o f  humic  ac ids ,  wh ich  s tab i l i se  the  CLO.  

Figure A23: Digestate stabilised for use on soil 
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A 4 .64 .  In  a t  l eas t  one  MBT p lan t  ( i n  I s rae l ) ,  t he  d iges ta te  i s  dewate red  and  sen t  d i rec t l y  fo r  
use  as  a  ‘ f e r t i l i se r ’ .   The  p roponents  o f  th i s  p rocess  s ta te  tha t  the  d iges ta te  wou ld  be  
fu r the r  p rocessed  i f  t he i r  techno logy were  to  be  imp lemented  in  the  UK,  i n  o rde r  to  meet  
the  UK ABPR c r i t e r i a  (see  the  Arrow Bio process  rev iew in  Annexe  D3 ) .  

A  4 .65 .  In  one p lan t  i n  Verona ,  I t a l y  ( see  the  BT A  rev iew in  Annexe  D3 ) ,  t he  d iges ta te  i s  be ing  
dewate red  and  combus ted  a long w i th  RDF f rom the  same p lan t  i n  an  on -s i te  bo i l e r .  

A  4 .66 .  The  CV o f  AD d iges ta te  i s  l i ke l y  to  be  re la t i ve l y  l ow,  bu t  th i s  w i l l  depend  on  the  ex ten t  
o f  dewate r ing ,  wh ich  i t se l f  wou ld  be  mach ine ry  and  energy  in tens ive .   I t  w i l l  a l so  
con ta in  a l l  the  heavy meta l s  con taminan ts  and  und iges ted  p las t i cs  tha t  have no t  been 
removed  in  the  mechan ica l  p re - t rea tmen t  s tage.   

A  4 .67 .  The  low CV o f  the  d iges ta te ,  and  the  po ten t ia l l y  h igh  cos t  o f  i nc reas ing  i t s  CV v ia  
dewate r ing ,  means  tha t  i t  i s  a  re la t i ve l y  una t t rac t i ve  co - fue l .   

Figure A24: Digestate dewatered and co-combusted 

 

 

 

 

 

 

 

 

 

More complex MBT process designs 

A 4 .68 .  Many MBT p lants  have  more  than  one core 1 b io log ica l  e lement .  

A  4 .69 .  We have  a l ready summar ised  ( f rom A 4 .61  t o  A 4 .63 )  t he  MBT p rocesses  tha t  con ta in  
bo th  AD and  a  compos t ing  e lement  to  fu r the r  s tab i l i se  the  d iges ta te  f rom the  AD par t  o f  
the  p rocess .  

                                                                  
1 M a t u r a t i on  c an  be  c o ns i d e re d  as  a  s e p a ra t e  b i o l og i c a l  e l e me n t  f r o m  t h e  c o m pos t i n g  p roc es s es .  Ho we ve r ,  
b ec aus e  a  n um b er  o f  p roc ess es  ca r r y  o u t  m a tu ra t i on  us i n g  r u d i me n t a r y  t e ch n iq ues ,  s uch  as  s t a t i c  p i l es ,  we  
h a ve  n o t  c ons id e re d  ma t u r a t i o n  as  a  ‘ c o r e ’  b i o l og i ca l  e l e me n t  o f  t he  M BT  p r ocess  des i gn .  
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A 4 .70 .  A  number  o f  d i f f e ren t  des igns  have  been  imp lemented  a t  the  va r ious  MBT re fe rence  
s i tes  tha t  we  have  l i s ted  in  Annexe  D3 .   These  des igns  a re  summar ised  in  fou r  p rocess  
schemat i cs  be low.  A  l i s t  o f  MBT supp l ie rs  w i th  opera t ing  re fe rence  s i tes  us ing  these  
va r ious  des igns  have been p rov ided  in  Annexe  D2 .  

Figure A25: MBT using AD and In-Vessel Composting (IVC) 
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Figure A26: MBT using Percolation, AD and IVC 

 

 

 

 

 

 

 

 

 

 

 

Figure A27: MBT suppliers marketing processes with Percolation, AD and bio-drying 
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A5 Comparing process designs 

A 5.1.  In the Summary Report  we int roduced eight generic MBT process designs  that  
encapsulate the ways in which MBT systems can be employed to meet speci f ic requirements.  

A  5 .2 .  Many o f  these  des igns  have  a l ready been  imp lemented  in  commerc ia l  p lan ts ,  and  o the rs  
a re  under  cons ide ra t ion  fo r  fu tu re  p ro jec ts .  

A  5 .3 .  There  a re  a  number  o f  ob jec t i ves  wh ich  in f l uence  MBT p rocess  des ign ,  i nc lud ing :  

 min imis ing  the  b iodegradab i l i t y  o f  the  ou tpu t ;  

 match ing  ou tpu ts  to  marke t  requ i rements ;  

 max imis ing  the  quant i t y  o f  ma te r ia ls  recovered  fo r  recyc l i ng ;  

 min imis ing  the  env i ronmenta l  impac t  o f  was te  t rea tmen t ;  

 min imis ing  the  v i sua l  p ro f i l e  o f  the  fac i l i t y .  

A  5 .4 .  I n  th is  sec t ion  we  w i l l  assess  the  degree  to  wh ich  each  p rocess  des ign  mee ts  these 
d i f fe ren t  ob jec t i ves  by  focuss ing  on  th ree  o f  these :  

 min imis ing  b iodegradab i l i t y ;  

 produc ing  a  fue l ;  and  

 env i ronmenta l  and  hea l th  impac ts .  

Minimising biodegradability 

A 5 .5 .  A l l  o f  t he  gener i c  p rocess  des igns  l i s ted  in  Sect ion  5  o f  t he  Summary Repor t  w i l l  
reduce  the  b iodegradab le  con ten t  on  the  inpu t  was te .   However ,  the  ex ten t  to  wh ich  i t  i s  
reduced  i s  i nex t r i cab ly  l i nked  to  the  t ype  o f  ou tpu t  tha t  the  p rocess  i s  des igned  to  
p roduce .   

Stabi l isat ion of waste for landfi l l ing 
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A 5 .6 .  The pr imary ob ject ive  o f  th is  process concept  is  to  reduce  the  b iodegradabi l i t y o f  
the  output  so  s ign i f i can t l y  tha t  when  i t  i s  l and f i l l ed  i t s  ab i l i t y  to  genera te  methane  gas 
i s  cons ide red  to  be  neg l ig ib le .  Th is  i s  ach ieved  by  remov ing  as  much  o rgan ic  ca rbon  as  
i s  poss ib le  th rough  the  b io -degrada t ion  p rocesses  tha t  occur  du r ing  ae rob ic  compos t ing .  

A  5 .7 .  Exper ience  in  Germany,  where  th i s  des ign  i s  w ide ly  imp lemented ,  has  shown tha t  to  
ach ieve  a  high degree  o f  b io -s tab i l isa t ion  i n  a  re la t i ve l y  qu ick  t ime ,  the  was te  has  to  
be  ae rob ica l l y  t rea ted  fo r  pe r iods  o f  t ime  rang ing  f rom 6  to  8  w eeks .   The  ac tua l  
compos t i ng  t ime  requ i red  i s  known to  be  techno logy dependent1 and  i s  a l so  l i nked  to  the 
degree  to  wh ich  the  was te  has  been  t rea ted  be fo re  the  compos t i ng  s tage .  

A  5 .8 .  In  p rocesses  tha t  a re  des igned  to  b io -s tab i l i se  the  was te  fo r  l and f i l l i ng ,  the  opera t ing  
cond i t i ons  a re  c lose ly  con t ro l l ed  to  op t im ise  pH,  tempera tu re ,  mo is tu re  and  the  supp ly  o f  
oxygen  to  the  was te  in  the  f i rs t  3  to  4  weeks .   Th is  i n i t i a l  pe r iod  i s  o f ten  re fe r red  to  as  
‘ in tens ive  compost ing ’ .   A f te r  th i s  pe r iod  a  fu r the r  3  to  4  weeks  o f  compos t  
s tab i l i sa t ion  (o r  maturat ion )  i s  conduc ted  tha t  has  compara t i ve l y  l i t t l e  o r  no  p rocess  
con t ro l s .  

A  5 .9 .  Though  the re  i s  no  UK s tandard  to  de te rmine  when  an  ou tpu t  has  had  i t s  
b iodegradab i l i t y  su f f i c ien t l y  reduced  to  be  deemed as  ‘b io -s tab i l i sed ’ ,  s tandards  ex i s t  i n  
some o the r  EU s ta tes  inc lud ing  Germany,  Aus t r i a  and  I ta l y .   I n  these  count r i es ,  b io -
s tab i l i t y  i s  de te rmined  by  the  resp i ra t i on  ac t i v i t y  o f  the  ou tpu t  f rom the  p rocess  (see  
Annexe  B3 ) .  The  l im i ts  i n  each o f  these coun t r i es  a re  summar i sed  in  Figure  A28 .  

A  5 .10 .  The  amoun t  o f  b iodegrada t ion  ach ieved  i s  usua l l y  be tween  40-60%DM 2 depend ing  on  the  
techno logy used .  

Figure A28: Summary of methods used to determine a ‘stabilised biowaste’ in EU Member States 

Country  Test ing  protoco l  L imi t  va lue 

Germany Respiration Activity after 4 days (AT4) using 
Static Respiration Index (SRI) method 5mg 02/g dm 

Austria As above 7mg 02/g dm 

Italy Dynamic Respiration Index (DRI) 1g O2/kg VS / h 

Source: footnote 2 

Make a compost f rom MSW 

A 5 .11 .  In  the  UK,  good  qua l i t y  compos t  i s  assessed  by  i t s  compl iance w i th  the  vo lun ta ry  BSI  
P AS 100 3  s tandard  (d i scussed  in  Annexe  B2 ) .   A l though  compos t  p roduced  f rom a  
m ixed  was te  i npu t  canno t  be  ce r t i f i ed  under  PAS 100 ,  th is  s tandard  i s  o f ten  used  as  a  
benchmark .    

                                                                  
1 L o we r  g r a de  t ech no lo g ies  su ch  as  s t a t i ona r y  p i l e  co m po s t i ng  r eq u i r e  l o ng e r  co m pos t i n g  t im es  t ha n  i n -
ve s s e l  i n t ens i ve  co m pos t i n g  sys t ems .  
2 M u l l e r ,  W . ,  Bu l s on ,  H . ,  P o l l e r ,  A . ,  ‘M o de l l i n g  t h e  pe r f o rm a nc e  o f  M ec h a n i c a l  a nd  B io l og i c a l  T re a t m e n t  i n  
t e r ms  o f  UK  an d  E U  t a r ge t s  -  c as e  s t u d y  f o r  a  U K  wa s t e  d i s p os a l  au t h o r i t y ’ :  B i o de g r a da b l e  a nd  Re s i du a l  
W as te  Ma n ag em e n t  Con f e r enc e  Ha r r og a te ,  UK ,  F e b r ua r y  2 0 04 .   
3 BS I  PA S  1 00  =  B r i t i s h  S t an da r ds  I ns t i t u t i on ’ s  Pu b l i c l y  A va i l a b l e  Sp ec i f i c a t i on  
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A 5 .12 .  PAS 100  requ i res  tha t  the  resp i ra t i on  ac t i v i t y  o f  the  compos t  ou tpu t  i s  assessed  in  
add i t i on  to  the  leve ls  o f  phyto tox ins1,  t he  C :N ra t i o ,  pa thogens ,  the  leve ls  o f  
con tamina t ion  and  a  number  o f  o the r  pa ramete rs .   

 

 

 

 

 

 

A  5 .13 .  To produce good qua l i ty compost ,  t h i s  p rocess  des ign  usua l l y  requ i res  compos t  
ma tu ra t i on  t imes  o f  up  to  th ree  months ,  s ign i f i can t l y  more  compos t  decontamina t ion  
equ ipment  and  more  care fu l  con t ro l  o f  t he  compos t ing  cond i t i ons  to  ensure  the  
des t ruc t i on  o f  pa thogens .   The impl icat ions  o f  th is  are  h igher  land- take ,  low er  p lant  
throughput ,  increased leve ls  o f  re jec ts  w hich w ould  need to  be  landf i l led  and 
h igher  investment  costs .   

A  5 .14 .  Though  compos t i ng  p rocesses  genera l l y  take  longer  to  p roduce  a  usab le  ou tpu t ,  t hey  
can  a l so  s ign i f i can t l y  reduce  the  leve l  o f  read i l y  degradab le  mate r i a l s  i n  the  was te .   

A  5 .15 .  Because  compos t  s tandards  i n  many coun t r i es  a re  vo lun ta ry ,  (un l i ke  the  s ta tu to ry  
requ i rement  o f  s tab i l i sa t i on  fo r  l and f i l l  r equ i red  in  Germany,  Aus t r i a  and  I ta l y )  a  b io -
t rea ted  output  that  is  s tab i l ised  to  a  reasonable  degree  is  o f ten  re ferred  to  by some 
MBT suppl iers  as  ‘compost ’ .    

A  5 .16 .  Bu t  the  ana lys i s  we  have  conduc ted  fo r  th i s  rev iew has  led  us  to  conc lude  tha t  the  
ma jo r i t y  o f  these p rocesses  wou ld  not  produce  a  mater ia l  that  w ould  meet  the  PAS 
100  requi rements .  

Make a lower grade soi l  improver from MSW 

 

 

 

                                                                  
1 P h y t o t o x i ns  =  S u bs t a nc e (s )  o r  c o nd i t i on ( s )  t h a t  a r e  t o x i c  t o  p l a n t s  a n d  c a us e (s )  s ym p t o ms  s uc h  as  
d e la ye d / re d uce d  s e ed  ge r m in a t i o n ,  r o o t  de a t h ,  r es t r i c t ed  r oo t  g ro w t h  o r  s t u n t i n g ,  d i s t o r t i o n ,  n ec r os i s  o r  
c h l o r o s i s  e t c .  o f  a e r i a l  p o r t i o n s  ( W RA P  d e f i n i t i o n )   
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A 5 .17 .  Some MBT supp l ie rs  des ign  the i r  p rocess  to  produce  a  compost - l ike  output  (CLO) ,  as  
i n  the  gener i c  des ign  above .    

A  5 .18 .  Because  there  i s  no c lear  b io -s tab i l i t y  measure  o f  wha t  cons t i t u tes  a  CLO ,  mos t  
p rocesses  tha t  b io - t rea t  the  was te  to  some degree a re  sa id ,  by  the  p rocess  supp l ie r ,  t o  
p roduce  an  ou tpu t  tha t  can  be  used as  CLO (see  Annexe  C6 ) .   

A  5 .19 .  The  leve l  o f  b iodegradat i on  ach ieved in  such  p rocesses  va r ies  w ide ly .  Some o f  t he  
p rocesses  tha t  we  have  rev iewed  a re  des igned  to  comple te  the  b io - t rea tmen t  o f  the  
was te  i n  l ess  than  one  week  (such  as  the  Civic  and  Wastec  p rocesses ) ,  wh i l e  o the rs  
b io - t rea t  the  was te  fo r  much  longer  pe r iods  o f  t ime .   As  a  resu l t ,  t he  BMW d ive rs ion  
assoc ia ted  w i th  th i s  des ign  w i l l  va ry  w ide ly  ( th i s  i s  d i scussed  in  Sect ion 11  o f  the  
Summary Repor t ) .  

A  5 .20 .  Pub l i shed  da ta 1 i nd i ca tes  tha t  p rocesses  wh ich  b io - t rea t  the  was te  fo r  pe r iods  o f  l ess  
than  abou t  th ree  weeks ,  w i l l  ach ieve  a  b iodegrada t ion  o f  l ess  than  50% o f  tha t  ach ieved 
by  Con t inen ta l  fac i l i t i es  tha t  a re  con f igu red  to  b io -s tab i l i sed  the  was te  fo r  l and f i l l i ng .  

Make and RDF;  Produce a fuel  us ing ‘bio-drying 

 

 

 

 

 

 

 

 

 

A  5 .21 .  The process des igns  that  produce  a  so l id  fue l  output2 a re  d i f f e ren t  because they a re  
no t  concerned  abou t  the  leve l  o f  reduc t ion  in  b iodegradab i l i t y  s ince  th i s  i s  i r re levan t  i f  
f ue l  i s  combus ted .  

A  5 .22 .  RDF i s  usua l l y  recovered  f rom the  coarse  f rac t i on  removed  f rom the  mate r ia ls  go ing  to  
the  b io log ica l  p rocess  s tage .   There fo re ,  th i s  f rac t i on  i s  no t  b io -s tab i l i sed  to  any degree  
and  i f  i t  has  to  be  land f i l l ed  i t  wou ld  con ta in  a  s ign i f i can t  l eve l  o f  BMW.  

                                                                  
1 BS I  PA S  1 00 ,  o p .  c i t .  
2 T he  re ad e r  i s  r e f e r re d  t o  An n e x e  C  f o r  f u r t h e r  d i s c u s s i o n  o n  f ue l  o u t p u t s  f r o m MB T.  

+M e ch a n ic a l 
t r e a tm e n t

B io -d r y in g

D r y  
r e c y c la b le s

M S W

R e je c t s S R F

+M e ch a n ic a l 
t r e a tm e n t

B io -d r y in g

D r y  
r e c y c la b le s

M S W

R e je c t s S R F

+M e c h a n ic a l  
t r e a t m e n t

B io l o g ic a l  
T r e a t m e n t

D r y  
r e c y c la b le s

M S W

R e j e c t s

R D F+M e c h a n ic a l  
t r e a t m e n t

B io l o g ic a l  
T r e a t m e n t

D r y  
r e c y c la b le s

M S W

R e j e c t s

R D F



MBT:  A  Guide fo r  Deci s ion  Maker s  -  P rocesses ,  Po l ic ies  & Markets  Page A -40  

Annexe A :  P rocess  Fundamenta l s  

 

 
© Juniper Consultancy Services Ltd, 2005 

T  01453 860750 E  info@juniper.co.uk W  www.juniper.co.uk 

Juniper 

A 5 .23 .  In  a  few cases ,  RDF i s  recovered  a f te r  the  was te  has  been pa r t i a l l y  b io - t rea ted .   I n  such 
cases  the  RDF compr ises  main l y  p las t i cs  and  ‘ f l u f f ’  t ha t  a re  removed  f rom the  b io -
t rea ted  ou tpu t  as  contamina t ion .   I t  w i l l  have  s ign i f i can t l y  l ower  BMW conten t  than  the  
mate r i a l  recovered  be fo re  the  b io log ica l  s tage .  

A  5 .24 .  Because  o f  i t s  va ry ing  and re la t i ve l y  l ow fue l  qua l i t y ,  RDF recovered  f rom MBT p lan ts  i s  
usua l l y  i nc ine ra ted .   The  cu r ren t  sho r tage  o f  i nc inera t ion  capac i t y  i n  the  UK wou ld  mean 
tha t  d i f f e ren t  ou t le ts  wou ld  have  to  be  found  fo r  the  u t i l i sa t i on  o f  th i s  ma te r i a l .     

A  5 .25 .  To  p roduce  SRF su i tab le  fo r  use  as  a  co - fue l ,  t he  b iogenous  con ten t  o f  the  was te  i s  
p rese rved so  tha t  the  fue l  ou tpu t  f rom the  MBT p lan t  has  a  su f f i c ien t l y  h igh  ca lo r i f i c  
va lue .  As  a  resu l t ,  t hese  des igns  on ly  reduce the  b iodegradab i l i t y  o f  the  inpu t  was te  by  
a  re la t i ve l y  sma l l  amoun t  (usua l l y  <10%DM1) .   

MBT to reduce the need for  thermal t reatment 

 

 

 

 

 

A  5 .26 .  P rocesses  have  been  p romoted  where  the  sol id  fue l  output  is  conver ted  to  energy in  
an  in tegra ted  system .  P rocesses  conf igu red  in  th i s  way a re  l i ke l y  to  have  a  ve ry  h igh  
BMW d ive rs ion  because  a l l  o f  t he  BMW is  conver ted  to  CO 2  and  wa te r  vapour  i n  the  
combus t i on  p rocess ,  bu t  because  th i s  t ype  o f  p rocess  w i l l  s t i l l  have  a  sma l l  re jec t  
s t ream (wh ich  w i l l  con ta in  some BMW),  the  BMW d ive rs ion  wou ld  no t  be  100%.   

Produce biogas  

 

 

 

 

A  5 .27 .  A number  o f  MBT process  des igns  incorporate  anaerobic  d igest ion  ( AD)  and  
produce  a  b iogas .   The  reduc t i on  in  the  b iodegradab i l i t y  o f  the  inpu t  i n  th i s  des ign  i s  
techno logy dependent .   Fo r  i ns tance,  some AD p rocesses  a re  des igned  to  have  an  
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average  SRT1 o f  abou t  3  to  4  weeks  (OWS-Dranco,  BT A,  Ros  Roca ,  L inde ) ,  wh i l e  one  
p rocess  (Arrow Bio )  i s  des igned to  d iges t  the  was te  fo r  up  to  th ree  mon ths  (see  Annexe  
D3 ) .    

A  5 .28 .  Each  approach  has  i t s  own  advan tages  and  d i sadvan tages ,  wh ich  a re  d iscussed  in  the 
i nd i v idua l  p rocess  rev iews  in  Annexe  D3 .   However ,  t he  ex ten t  o f  b iodegrada t ion  o f  the 
was te  i s  l i ke ly  to  be  g rea te r  i n  a  p rocess  tha t  d iges ts  fo r  th ree  mon ths  than  in  those  tha t  
d iges t  fo r  one  mon th .  

A  5 .29 .  In  genera l ,  i f  the  d igesta te  f rom th is  MBT des ign  has  to  be  landf i l led ,  i ts  BMW 
content  could  s t i l l  be  h igh ,  because i t  i s  we l l  known tha t  some BMW compounds ,  such  
as  ce l l u lose -based  mate r ia l s ,  a re  d i f f i cu l t  t o  b reakdown in  AD p rocesses  bu t  i t s  res idua l  
‘ b io -degradab i l i t y ’  i s  l i ke l y  to  be  low.  

A  5 .30 .  Thus ,  depend ing  upon  whe the r  d i ve rs ion  i s  measured  in  te rms  o f  reduc t i on  in  
b iodegradab i l i t y  o r  i n  te rms  o f  the  reduc t i on  in  the  amoun t  o f  b io -carbon ,  the  
pe r fo rmance  o f  such  sys tems  can  va ry .  (a  fu l l  d i scuss ion  o f  BMW d ive rs ion  fo r  a l l  o f  t he  
e igh t  gener i c  p rocess  des igns  can  be  found  in  Sect ion  11  o f  the  Summary Repor t  and 
Annexe  B3 ) .  

Produce biogas and soi l  improver 

 

 

 

 

 

A  5 .31 .  Some AD processes  are  des igned to  combine  shor t  d igest ion  per iods  w ith  a  post -
d igest ion  aerobic  t rea tment  s tage  as  i n  the  concep t  shown above .   The  ae rob ic  s tage 
degrades  the  was te  fu r ther  thus  p roduc ing  a  so l i d  ou tpu t ,  wh ich  cou ld  have  a  re la t i ve l y  
l ow BMW conten t .  

Producing a fuel  

A 5 .32 .  F i ve  o f  the  gener i c  MBT p rocess  concep ts  w i l l  p roduce a  fue l .   I n  th ree  o f  these  the  
ou tpu t  f rom the  MBT p rocess  w i l l  be  a  so l i d  fue l ,  wh i l e  two  p roduce  b iogas .   

                                                                  
1 SRT =  s o l i ds  r e s i de nce  t i me  
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Producing biogas 

A 5 .33 .  In  a l l  o f  t he  MBT p lan ts  we  v i s i t ed ,  the  b iogas  p roduced  in  the  AD p rocesses  i s  be ing  
used in  on -s i te  gas  eng ines  to  genera te  e lec t r i c i t y .  There  a re  no  marke t ing  i ssues  w i th  
the  b iogas  ou tpu t  and  i t  i s  c lassed  as  a  renewab le  fue l .   Fu r the r  d i scuss ion  about  
renewab le  i ncome tha t  cou ld  be  ob ta ined  f rom the  u t i l i sa t i on  o f  b iogas  to  genera te  
e lec t r i c i t y  can  be  found  in  Annexe  B7 .  

 

 

 

 

 

A  5 .34 .  The  amoun t  o f  e lec t r i c i t y  genera ted  i s  d i rec t l y  de te rm ined  by  the  quan t i t y  o f  b iogas  
p roduced .   Th is ,  i n  tu rn ,  i s  dependen t  upon  the  spec i f i c  opera t ing  cond i t i ons  (d ry  o r  we t ,  
mesoph i l i c  o r  the rmoph i l i c ,  and  the  res idence  t ime)  used  in  the  AD p rocess  and  the  wa y  
in  wh ich  the  p rocess  i s  con f igu red  (s ing le  s tage  o r  two  s tage) .  There fo re ,  p rocesses  
us ing  AD p roduce va ry ing  leve ls  o f  b iogas ,  and ,  hence ,  a l so  income.  

A  5 .35 .  The  combus t ion  o f  b iogas  in  gas  eng ines ,  a lso  re leases  hea t ,  wh ich  has  to  be  d i ss ipa ted  
to  keep  the  gas  eng ine  func t i on ing  p roper l y .  Mos t  AD-based  MBT p rocesses  u t i l i se  th i s  
hea t ,  v ia  heat  exchang ing  sys tems ,  to  p rov ide  some o r  a l l  o f  t he  energy  tha t  i s  needed 
to  ma in ta in  the  opera t ing  tempera tu re  o f  the  d iges t ion  reac to r .     

A  5 .36 .  In  MBT p lan ts  where  su f f i c ien t  hea t  fo r  p rocess  opera t ion  canno t  be  ob ta ined  f rom the  
hea t  recovered  f rom the  gas  eng ines  a lone (ma in l y  i n  the rmoph i l i c  AD p lan ts ) ,  a  po r t i on  
o f  the  b iogas  i s  separa te l y  combus ted  to  genera te  the  add i t i ona l  hea t .     

Upgrading of B iogas 

A 5 .37 .  A l though  the re  i s  no  genera l  qua l i t y  spec i f i ca t i on  fo r  b iogas  p roduced  in  MBT p lan ts ,  gas  
eng ine  manu fac tu re rs  w i l l  requ i re  tha t  the  b iogas  de l i ve red  to  the i r  supp ly  i s  o f  a  ce r ta in  
qua l i t y  i n  o rde r  to  p rov ide  the  re levan t  pe r fo rmance  guaran tees .  

A  5 .38 .  The  cons t i t uen ts  i n  the  b iogas  tha t  have to  be  con t ro l l ed  to  ce r ta in  spec i f i ca t ions  a re :  

 methane;  

 su lphur  compounds ,  p r imar i l y  hyd rogen  su lph ide ;  

 ha logena ted  compounds  (ch lo r ine  and  f l uo r ine ) ;  

 s i l oxanes ;  

 dus t ;  and ,  

 mois tu re .  
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A 5 .39 .  A  d i scuss ion  o f  t he  techn ica l  cha l l enges  assoc ia ted  w i th  these  con taminan ts  i s  g i ven  in  
Figure  A29 .  

Figure A29: Management issues associated with some constituents of biogas 

Methane The main combustible constituent of biogas, providing its relatively high calorific value (usually 
greater than 26 MJ/Nm3).  The reported methane concentration in the biogas from MBT facilities 
using AD ranges from about 60-80% by volume.  The higher the concentration of methane, the higher 
its calorific value and the greater the quantity of electricity that can be generated. 

Su lphur  
compounds  
(H 2 S)  

There are various types of sulphur compounds that are contaminants in biogas.  These compounds are 
formed during the anaerobic digestion of the waste, many are highly odorous and will form corrosive 
mixtures in the presence of free water or the moisture found in gas engine oils. 

Of these sulphur contaminants, hydrogen sulphide is the most prevalent.  It is produced by the 
action of the sulphur reducing bacteria that are involved in the breakdown of waste in the anaerobic 
conditions prevailing in the digester.  Hydrogen sulphide poses a health and safety hazard in plant 
operations and is very odorous (giving an unpleasant bad-egg smell, which can still be detected even 
when it is present in extremely low concentrations). 

This contaminant causes further issues when it is combusted because it generates SO2, which forms 
corrosive compounds when mixed with water. Because of the presence of SO2 in the exhaust gases 
from gas engines firing biogas, it might be necessary to install suitable abatement measures.  
However, it is not yet clear how the emissions from gas engines firing biogas will be regulated in the 
UK, although limits have been proposed in the draft waste treatment BREF1 (see Annexe B5). 

Halogenated 
compounds  
(C l ,  F)  

Halogenated compounds contained in the waste may be volatilised at the digestion conditions and 
will partition to the biogas. Some halogenated compounds can also form in-situ as a result of the 
degradation processes. The extent to which halogenated compounds partition to the biogas, depends 
on their vapour pressure relationships. But at the relatively low digestion temperatures acting over a 
relatively short period of time (compared to similar compounds in a landfill), it is likely that only 
trace amounts of halogenated compounds will be present in the biogas. 

Of these, some will be broken down when the biogas is combusted in the presence of moisture to 
form hydrogen fluoride (HF) and hydrogen chloride (HCl).  These are responsible for the corrosion of 
piping and engine components. 

Most engine suppliers stipulate a total chlorine and fluorine gas composition and consequently, in 
many MBT plants, the biogas is passed through alkaline scrubbers to abate halogenated contaminants 
prior to biogas combustion. None of the plants we visited utilised scrubbers after the gas engines to 
abate HCl and HF, indicating that the emissions of these contaminants have not been a major 
concern. 

S i loxanes  Siloxanes are a subgroup of compounds containing Si-O with organic radicals bonded to the silicon, 
present in the biogas. Waste containing small amounts of silicone-containing products (such as 
sealants and cosmetics) which are responsible for the generation of siloxanes in biogas. The 
increasing usage of these compounds in consumer and commercial products suggests that levels in 
biogas are likely to increase.   Because of the long-term performance and maintenance requirements 
of gas engines, some engine manufacturers specify the reduction of siloxanes before biogas 
utilisation, while in some cases direct monitoring of silicon build-up in the engine oil is 
recommended.   Their experience has been gained by the extensive use of gas engines in landfill gas 
utilisation schemes. 

Part icu lates  
(dust )  

Dust in the gas engines arises from particulates contained in the biogas as well as particulates drawn 
into the gas engine with the combustion air. The latter could be high where the combustion air is 
taken from inside the process building in order to reduce the likelihood of fugitive emissions.  
Particulates can also cause accelerated engine wear and steps are usually taken, mainly using in line 
filters, to reduce the dust load in the air-intake to gas engines. 

Moisture  Moisture is removed from the biogas, via condensers, before it is combusted.  This is necessary 
because it reduces the calorific value of the biogas.  It also adversely impacts on gas engine 
performance and causes control problems. 

1 BREF is the non-binding Best Available Technology Reference documents (BREF), which are specific to each industry 
sector and are being developed by the European IPPC Bureau in Seville. 

Source: Juniper analysis 
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A 5 .40 .  There  a re  severa l  me thods  to  abate  hydrogen  su lph ide ,  rang ing  f rom adsorp t ion  on  a  
so l i d  to  chemica l  convers ion  in  the  l i qu id  phase .  A t  many o f  the  re fe rence p lan ts  we  
v i s i ted  du r ing  the  course  o f  th i s  s tudy,  H 2 S  was  removed  in  we t  sc rubb ing  sys tems  us ing  
fe r r i c  ch lo r i de  (FeC l 3 )  be fo re  the  b iogas  was  u t i l i sed .   Th is  chemica l  reac ts  w i th  H 2 S  to  
fo rm inso lub le  i ron  su lph ide ,  bu t  because  i t  i s  h igh ly  co r ros i ve  i t  can  cause  damage  in  
p ipework  and reac to rs .    

A  5 .41 .  B io log ica l  b iogas  c lean ing  sys tems  have  a l so  been imp lemented  in  a  few MBT re fe rence 
p lan ts ,  wh ich  u t i l i se  a  su lphur  ox id i s ing  bac te r ium wh ich  conver ts  the  hyd rogen  su lph ide  
to  su lpha tes  o r  to  e lementa l  su lphur .    

A  5 .42 .  O ther  techn iques ,  such  as  the  suppress ion  o f  H 2 S  in  the  d iges te r  by  add ing  a  con t ro l l ed  
f l ow o f  a i r  t o  the  d iges te r  f ree  space,  have  a l so  been  used .  

A  5 .43 .  None  o f  the  MBT p lan ts  we  v i s i ted  du r ing  the  course  o f  th i s  s tudy had  imp lemented  
measures  to  aba te  s i l oxanes .  F rom exper ience  ga ined  in  combus t ing  l and f i l l  gas ,  i t  has  
been  p roposed  tha t  ac t i va ted  ca rbon  based  sys tems  be  used  to  adsorb  th i s  con taminan t  
f rom b iogas .   Th is  t ype  o f  t rea tmen t  cou ld  s ign i f i can t l y  i nc rease  the  cap i ta l  and  
opera t ing  cos ts  assoc ia ted  w i th  b iogas  u t i l i sa t ion ,  wh ich  may impac t  upon  the  v iab i l i t y  o f  
MBT p ro jec ts  us ing  anaerob ic  d iges t ion .    

Producing a sol id fuel  

A 5 .44 .  MBT p rocesses  can  be  con f igu red  to  p roduce  RDF (Re fuse  Der i ved  Fue l )  o r  SRF (So l id  
Recovered  Fue l ) .   The  SRF ou tpu t  f rom MBT i s  usua l l y  a imed  a t  the  co - fue l  marke t  and 
because o f  th i s ,  t he  fue l  spec i f i ca t ions  a re  more  t i gh t l y  con t ro l l ed  than  those  fo r  RDF.    

A  5 .45 .  To  mee t  the  s t r i ngent  SRF spec i f i ca t ions ,  a  g rea ter  l eve l  o f  p rocess ing  and  re f i n ing  o f  
the  ou tpu t  i s  requ i red ,  wh ich  w i l l  have  an  impac t  on  the  inves tmen t  and opera t ing  cos ts ,  
may impac t  on  the  y ie ld  o f  f ue l  and the  amounts  o f  re jec ts  sen t  to  l and f i l l .   Marke t  
spec i f i ca t i ons  fo r  SRF and  RDF a re  d iscussed i n  Annexe  C2 .  

A  5 .46 .  The  qua l i t y  o f  the  so l i d  fue l  recovered  f rom MBT depends  on :  

 i t s  ca lo r i f i c  va lue ;  

 i t s  mo is tu re  con ten t ;  

 i t s  ash  conten t ;  and  

 i t s  chemica l  con ten t  ( i nc lud ing  heavy meta l s ) .  

A  5 .47 .  Th is  i n fo rmat ion  abou t  the  so l i d  fue l  can  be  ob ta ined  f rom a  prox imate  ana lys is 1 (as  
shown in  Figure  A30 )  and  an  ul t imate  ana lys is 2 (Figure  A31 ) .   

                                                                  
1 L a bo ra t o r y  t es t  t ha t  de t e rm in es  t he  ba l anc e  b e t we en  t he  m as s %  o f  vo l a t i l e  m a t t e r ,  f i xe d  c a r bo n ,  as h  a nd  
m o i s t u r e  i n  t he  f ue l .  
2 L a b o r a t o r y  t e s t s  t h a t  d e t e r m i n e s  t he  b a l a n c e  b e t we e n  t h e  mas s %  f o r  t he  e l e m e n t s  t h a t  w i l l  u n d e r g o  
c he m i c a l  r e a c t i o n s  w i t h i n  t h e  c om b u s t i o n  p r o c e s s ;  e . g .  C ,  H ,  O ,  S ,  F ,  C l ,  B r ,  N  



MBT:  A  Guide fo r  Deci s ion  Maker s  -  P rocesses ,  Po l ic ies  & Markets  Page A -45  

Annexe A :  P rocess  Fundamenta l s  

 

 
© Juniper Consultancy Services Ltd, 2005 

T  01453 860750 E  info@juniper.co.uk W  www.juniper.co.uk 

Juniper 

A 5 .48 .  Calor i f ic  va lue  (CV)  i s  the  hea t  pe r  un i t  mass  p roduced by  the  comp le te  combus t ion  o f  
a  fue l  o r  was te  mate r ia l .   CV may be  de te rm ined  on  an  ‘as - rece ived ’ ,  d ry  o r  ‘ d ry -ash -
f ree ’  bas is  and  the  s ign i f i cance  o f  these  de f in i t i ons  i s  shown in  Figure  A30 .   The  d ry ,  
ash - f ree  CV wi l l  be  a  h igher  va lue  than fo r  the  ‘ as  rece ived ’  f ue l .  

A  5 .49 .  The  h igher  (o r  g ross )  hea t ing  va lue  [HHV ] ,  assumes  the  wa te r  vapour  i n  the  f l ue  gases  
condenses  and  the re fo re  i nc ludes  the  la ten t  heat  o f  vapor i sa t ion  o f  the  wa te r ,  wh i l s t  t he  
lower  (o r  ne t )  hea t ing  va lue  [LHV ]  does  no t  i nc lude the  la ten t  hea t  o f  vapor i sa t ion  o f  the  
wa te r  vapour  because  the  combus t i on  gases  a re  no t  coo led  su f f i c ien t l y  fo r  the  wa te r  to  
condense  w i th in  the  energy  recovery  pa r t  o f  t he  p lan t .   I n  p rac t i ce  the  energy  tha t  can  
be  recovered  f rom the  so l i d  fue l  i n  mos t  modern  combus t ion  sys tems  (wh ich  cou ld  
i nco rpo ra te  condens ing  s team tu rb ines ) ,  f a l l s  be tween  these  two  l im i t i ng  va lues .  

Figure A30: Typical proximate analyses and CV of selected waste-derived fuels and coal 

Volat i les  Mois ture  F ixed  carbon Ash  HHV Fuel  

wt  %  MJ/kg  

Coal 1 30 5 45 20 26 

Wood 85 6 8 1 19 

MSW 33 40 7 20 10 

RDF 2 60 20 8 12 15 

PDF 3 73 1 3 13 21 

SRF  see Ecodeco, Herhof and Nehlsen process reviews in Annexe D3  

1 bituminous coal ;  2 typical RDF (not from MBT plants);  3 plastic derived fuel   

Source: multiple sources  

Figure A31: Typical ultimate analyses and CV of selected waste-derived fuels and coal 

C H N  O  S  C l  Fuel  

wt  %  

Coal 1 60 - 80 3 - 5 1 - 2 ~10 1 - 5 0.01 – 0.1 

Wood 40 - 50 ~6 ~0.2 ~45 ~0.1 ~0.01 

MSW ~25 ~3 ~0.5 ~20 ~0.2 ~0.5 

RDF 2 ~45 ~5 ~0.5 ~35 ~0.2 ~0.5 

PDF 3 ~50 ~6 ~1 ~40 ~0.2 ~1 

SRF  see Ecodeco, Herhof and Nehlsen process reviews in Annexe D3 

1 bituminous coal ;  2 typical RDF (not from MBT plants);  3 plastic derived fuel   

Source: multiple sources 

A 5 .50 .  Moisture  content :  I n  so l i d  fue ls  mo is tu re  can  ex is t  i n  two  fo rms  –  as  f ree  wa te r  and  as  
bound  wa te r .   The  mo is tu re  conten t  o f  the  fue l  d i rec t l y  a f fec ts  the  energy  recovery  
po ten t ia l  o f  the  the rmal  convers ion  p rocess .   Evapora t ion  o f  the  mo is tu re  requ i res  an  
inpu t  o f  energy  wh ich  may  be  supp l ied  by  add i t i ona l  foss i l  f ue l  usage  o r  as  a  pa ras i t i c  
i npu t  wh ich  reduces  the  quan t i t y  o f  energy  ou tpu t .  Typ ica l l y  the  wa te r  evapora ted  f rom 
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t he  fue l  i s  no t  condensed  downs t ream in  the  hea t  recovery  pa r t  o f  t he  p lan t  bu t  ex i ts  the  
p rocess  as  wa te r  vapour  v ia  the  s tack .  

A  5 .51 .  Ash content :   So l i d  fue l s  such as  coa l ,  b iomass  and  SRF/RDF conta in  i no rgan ic  
compounds .   Ash  i s  the  ino rgan ic  res idue  remain ing  a f te r  the  fue l  has  been  comple te l y  
bu rned .  The ino rgan ic  con ten t  o f  the  fue l  can  inc lude  a l ka l i  me ta l  compounds ,  e .g .  
sod ium (Na)  and  po tass ium (K) .   Compounds  o f  these  meta ls  can  be  mo l ten  a t  the  
tempera tu res  p reva i l i ng  in  the  the rmal  convers ion  p rocess  and  they pass  th rough  the  
equ ipment  un t i l  t hey  condense  on  coo le r  me ta l  sur faces  caus ing  fou l i ng  and s lagg ing .   
Th is  w i l l  l ead  to  opera t iona l  p rob lems  and  unp lanned  downt ime  o r  shor te r  pe r iods  
be tween  p lanned  main tenance  ac t i v i t i es .   Wh ichever  i s  the  case  i t  w i l l  resu l t  i n  
i nc reased  opera t ing  cos ts .  

Figure A32: Definition of fuel properties 

 

 

 

 

 

 

 

 

 

 

 

 

A  5 .52 .  In  combus t i on  and  gas i f i ca t i on  p rocesses  the  management  o f  the  ash  i s  ve ry  impor tan t .   
The  comb ina t ion  o f  d i f f e ren t  i no rgan ic  compounds  in  the  ash  phase  can  lead  to  
s in te r ing ,  agg lomera t ion  and  eu tec t i c  fo rmat ion .   Care fu l  con t ro l  o f  the  ash  w i th in  the  
the rmal  p rocess ,  pa r t i cu la r l y  i n  f l u id ised  beds ,  and remova l  o f  the  ash  f rom the  the rmal  
p rocess  i s  essen t ia l  t o  ma in ta in  t roub le  f ree  opera t ion .  

A  5 .53 .  Chemica l  content :  The  leve ls  o f  su lphur  (S )  and  ch lo r i ne  (C l )  a re  c r i t i ca l  t o  the  
pe r fo rmance  o f  a  u t i l i t y  bo i l e r  w i th  respec t  to  co r ros ion  o f  the  hea t  t rans fer  su r face .   
Figure  A31  i nd i ca tes  tha t  t yp i ca l l y  was te -de r i ved  fue ls  con ta in  more  ch lo r i ne  than  coa l  
o r  b iomass  bu t  tha t  coa l  con ta ins  more  su lphur .  
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A 5 .54 .  The  h igher  the  n i t rogen  (N)  con ten t  i n  the  fue l  o r  co - fue l  m ix tu re  then  the  h igher  the  
NOx emiss ions  w i l l  be .   Th is  w i l l  requ i re  e i the r  m in imisa t i on  by  the  use  o f  l ow-NOx 
burners  o r  downs t ream aba tement  by  SCR (se lec t i ve  ca ta l y t i c  reduc t ion )  o r  SNCR 
(se lec t i ve  non-ca ta l y t i c  reduc t i on )  techn iques1.   SNCR i s  the  lower  cos t  op t ion .  

A  5 .55 .  Some o f  the  heavy meta ls  t ha t  can  be  found  in  the  inpu t  was te  to  the  MBT p lan t  ( see  
Figure  A14 ) ,  w i l l  pa r t i t i on  to  the  so l i d  fue l  p roduc t .  When  SRF o r  RDF i s  combus ted ,  
some o f  the  heavy meta ls  w i l l  vapor ise  and  wou ld  be  po ten t ia l  po l l u tan ts  i n  the  f l ue  
gases  f rom the  combus t i on  p rocess .   

A  5 .56 .  Regu la to ry  con t ro l s ,  such  as  the  EU Was te  Inc ine ra t ion  D i rec t i ve  (WID) ,  se t  p resc r ip t i ve  
l im i t s  fo r  heavy meta l  em iss ions  to  a tmosphere .   The  meta ls  o f  concern ,  g rouped  by  
vo la t i l i t y ,  a re :  

 Hg 

 Cd +  T l  

 As +  Cr  +  Co +  Cu +  Mn +  N i  +  Pb  +  Sb +  V  +  Zn  

A  5 .57 .  The  more  vo la t i l e  me ta ls  vapor i se  in  the  h igh  tempera tu re  env i ronment  w i th in  the  
the rmal  p rocess  and  pass  th rough the  downs t ream equ ipment .   Mercu ry  (Hg)  w i l l  pass  
comple te l y  th rough  the  p lan t  and  w i l l  requ i re  abatement  techno logy,  such  as  ac t i va ted  
ca rbon adsorp t ion  o r  f i l t r a t i on  to  cap tu re  i t .    

A  5 .58 .  Cadmium (Cd)  and  lead  (Pb)  w i l l  condense  on  the  coo le r  pa r t s  o f  t he  equ ipment  and  w i l l  
be  assoc ia ted  w i th  the  f l y  ash  f rom the  gas  c lean ing  p lan t .   The  o the r  me ta ls  w i l l  
d i s t r i bu te  be tween  the  bo t tom ash  and  f l y  ash  to  d i f f e r i ng  degrees .   I t  i s  essen t ia l  t ha t  
the  fa te  o f  heavy meta ls  i s  cons ide red  ca re fu l l y  because  in  co -combus t ion  app l i ca t i ons  
the  ex is t i ng  ash  f rac t ions  may be  contamina ted  by  inc reased leve ls  o f  heavy meta ls  
caus ing  the  opera to r  to  c rea te  a  was te  d i sposa l  p rob lem fo r  a  mate r ia l  t ha t  may  
cu r ren t l y  be  recyc led  in to  cons t ruc t i on  app l i ca t i ons .  

Making a good qual ity fuel  (SRF) 

A 5 .59 .  Of  the  many var iants  o f  MBT process ,  SRF (So l id  Recovered  Fue l )  is  main ly 
produced by those  that  employ ‘b io -drying ’ 2.    

A  5 .60 .  ‘B io -d ry ing ’  techno log ies  d r i ve -o f f  mo is tu re  f rom the  was te  us ing  the  b io log ica l  ac t i v i t y  
i n  an  ae rob ic  i n -vesse l  sys tem bu t  do  no t  fu l l y  b io -s tab i l i sed  the  was te .   The SRF 
output  is  not  normal ly  s ter i l ised  by b io -drying  and can  cont inue  to  degrade  i f  
mois ture  is  added.  Th is  cou ld  g i ve  r i se  to  odour  p rob lems  and pub l i c  hea l th  i ssues  i f  
t he  SRF i s  s to red  fo r  l ong  pe r iods  be fo re  i t  i s  u t i l i sed .   

A  5 .61 .  B io -d ry ing  takes  p lace  under  ae rob ic  cond i t i ons  ( in  the  p resence  o f  a i r ) ,  bu t  un l i ke  i n  
ae rob ic  compos t i ng ,  wa te r  i s  no t  added to  the  was te  and  the  mo is tu re  con ten t  i s  a l l owed  

                                                                  
1 d i s c uss i on  o f  S C R an d  S NCR i s  b e yo nd  t he  sco pe  o f  t h i s  r e po r t  
2 SR F  i s  a l s o  p ro d uc e d  b y  s o me  t yp es  o f  M HT ,  bu t  t h ese  p ro c ess es  a re  ou t s i de  t h e  scop e  o f  t h i s  r e po r t .  
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t o  fa l l  be low the  leve l  (usua l l y  c .  40  wt%)  wh ich  i s  necessary  fo r  the  b io -degrada t ion  
p rocess .  Consequen t l y ,  t he  was te  i s  no t  d iges ted  and  i t s  b iogenous  con ten t  i s  
p rese rved .  

A  5 .62 .  As  a  resu l t  o f  wa te r  evapora t ion  and the  degrada t ion  o f  pa r t  o f  t he  more  vo la t i l e  
b iodegradab le  con ten t  o f  the  was te  ( repor ted  to  be  be tween  24-30% o f  the  inpu t  mass  o f  
the  was te ) ,  the  ou tpu t  f rom ‘b io -d ry ing ’  p rocesses  usua l l y  has  an  apprec iab le  ca lo r i f i c  
va lue  (c .  15 -18  MJ /kg ) .   

A  5 .63 .  The  ‘b io -d ry ing ’  s tage  o f  the  p rocess  i s  fo l l owed  by  mechan ica l  p rocess ing ,  wh ich  i s  
des igned  to  reduce  the  leve ls  o f  non-combus t ib le  mate r ia ls  i n  the  SRF and  to  p roduce  a  
‘ f ue l ’  t ha t  i s  compat ib le  w i th  the  requ i rements  o f  the  end-user  ( see  sec t ion  on  ‘Pos t -
re f i n ing  the  ou tpu ts  f rom MBT ’ ) .   I ssues  concern ing  con tamina t ion  l im i t s  and  end-use  
spec i f i ca t i ons  f rom the  p rocesses  tha t  cou ld  take  the  SRF a re  d iscussed i n  Annexe  C .  

A  5 .64 .  Cur ren t l y  SRF f rom MBT p lan ts  i s  be ing  used  as  a  co - fue l  i n  cement  k i l ns ,  co - f i red  
bo i l e rs  and  f l u id i sed  bed  bo i l e rs .  The  SRF ou tpu t  cou ld  be  deemed as  renewab le  and  
the re fo re  may be  economica l l y  a t t rac t i ve  to  compan ies  w ish ing  to  boos t  the i r  genera t ion  
o f  renewab le  energy .   A  de ta i l ed  d iscuss ion  abou t  the  techn ica l  cha l l enges  o f  us ing  SRF 
in  these  va r ious  app l i ca t ions  can be  found  in  Annexe  C .  

A  5 .65 .  P ropr ie ta ry  sys tems  d i f f e r  i n  te rms  o f :  

 t he  p rocess  con t ro l  o f  the  ‘b io -d ry ing ’  s tage  to  max imise  mois tu re  remova l ;  

 t he  re ten t ion  t ime used  (var ies  f rom 5  to  14  days  a t  the  va r ious  SRF p lan ts ) ;  

 t he  ex ten t  o f  separa t ion  o f  con taminants  f rom the  SRF in  the  mechan ica l  
pos t - re f i n ing  s tage  and how i t  i s  p repared  fo r  the  end-user .  

A  5 .66 .  A  l i s t  o f  MBT supp l i e rs  who  have  re fe rence  p lan ts  u t i l i s i ng  the  b io -d ry ing  techno logy,  
can  be  found in  Annexe  D2 .    

A  5 .67 .  On ly  one  company,  Ecodeco ,  opera tes  a  ded ica ted  on -s i te  f lu id i sed  bed bo i l e r  to  
conver t  the  produced  SRF in to  hea t  and power .   I n fo rmat ion  p rov ided  by  the  supp l ie rs  o f  
‘ b io -d ry ing ’  sys tems ,  i nd i ca t ing  the  ma in  ou t le ts  fo r  the  SRF f rom the i r  respec t i ve  MBT 
re fe rence  p lan ts  can  be  found  in  the  ind iv idua l  p rocess  rev iews .  A  summary  o f  th i s  
i n fo rmat ion  i s  a lso  i n  Annexe  D2 .  

Producing an RDF  

A 5 .68 .  Many MBT processes  w i l l  recover  non-b iodegradab le  mate r i a l s  ( such  as  l i gh t  p las t i cs )  
and  the  d i f f i cu l t - to -degrade  b io -ca rbon  con ta in ing  mate r ia ls ,  such  as  wood .   Th is  s t ream 
can  be  recovered  be fo re  o r  a f te r  the  b io log ica l  s tage  o f  the  p rocess .  

A  5 .69 .  As  we  have  d i scussed  in  Annexe  C  and  in  the  p rocess  rev iews  in  Annexe  D3 ,  t he  RDF 
ou tpu t  f rom MBT can  have  w ide ly  va ry ing  compos i t ions  and  as  a  resu l t  i t  i s  usua l l y  sen t  
fo r  i nc ine ra t ion .   I n  some cases ,  where  no  su i tab le  ou t le ts  can  be  found ,  th i s  s t ream i s  
l and f i l l ed .   
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A 5 .70 .  To  c i rcumvent  the  i ssues  o f  secu r ing  v iab le  ou t le ts  fo r  RDF,  some p rocess  compan ies  
a re  deve lop ing  fu l l y  i n teg ra ted  so lu t ions  to  manage  the  RDF in  a  the rma l  convers ion  
s tage .  Th is  reduces  the  r i sks  assoc ia ted  w i th  ob ta in ing  marke ts  fo r  th i s  ou tpu t  and 
genera tes  revenues  v ia  power  p roduc t ion .   

A  5 .71 .  Where  the  in teg ra ted  p rocess  i s  des igned  to  u t i l i se  gas i f i ca t ion ,  a  po r t i on  o f  the  energy  
genera ted  w i l l  qua l i f y  fo r  Renewab le  Ob l iga t ion  Cer t i f i ca tes  (ROCs)  ( th i s  i s  d i scussed  in  
Annexe  B7 ) .  Hence ,  subs tan t ia l  revenues  can  be  ob ta ined  f rom the  e lec t r i c i t y  expor ted  
to  the  g r id  f rom th i s  con f igu ra t ion .    

A  5 .72 .  Where  combus t i on  o f  the  RDF i s  i n teg ra ted  w i th  the  MBT p rocess ,  qua l i f i ca t i on  fo r  ROCs 
i s  l ess  s t ra igh t fo rward .   E lec t r i c i t y  genera ted  in  th i s  con f igu ra t i on  does  no t  au tomat i ca l l y  
qua l i f y  fo r  ROCs.  Cur ren t l y ,  i f  RDF can  mee t  a  l im i t i ng  compos i t i on  o f  98% b iomass ,  
then  a  po r t i on  o f  the  e lec t r i c i t y  genera ted  w i l l  qua l i f y  fo r  ROCs.  We a re  no t  aware  o f  an y  
MBT p lan ts  tha t  p roduce an  RDF outpu t  tha t  cu r ren t l y  sa t i s f y  th i s  l im i t .   

A  5 .73 .  There  a re ,  however ,  s ign i f i can t  d i f f e rences  in  the  p rovenness  o f  these two  concepts :  
(MBT wi th  i n teg ra ted  combus t i on  and  MBT wi th  i n tegra ted  gas i f i ca t i on )  as  summar ised  in  
F igu re  A33 .  

A  5 .74 .  Combust ion  i s  proven  f o r  MSW app l i ca t ions ,  whereas  gas i f ica t ion  i s  re la t i ve ly  
unproven  f o r  th i s  app l i ca t ion  in  Europe .  

A  5 .75 .  In  Japan ,  gas i f i ca t i on  techno log ies  a re  p roven  fo r  was te  app l i ca t ions  bu t  they  opera te  a t  
h igh  tempera tu res  us ing  oxygen  to  fac i l i t a te  me l t i ng  o f  t he  i no rgan ic  ash .   Such  des igns  
a re  compat ib le  w i th  reduc ing  the  vo lume o f  mate r ia l  t ha t  i s  sen t  to  l and f i l l  bu t  the  h igh  
energy  needed  to  me l t  the  ino rgan ic  compounds ,  means  tha t  energy  p roduc t i on  i s  
usua l l y  a  secondary  ob jec t i ve .   

A  5 .76 .  In  Europe ,  the  marke t  d r i ve rs  a re  d i f fe ren t  and  re la te  to  max imis ing  energy  recovery ,  
wh ich  i s  a  key  economic  aspec t  i n  was te  management  p lan ts  th roughou t  Europe .   Thus ,  
gas i f i ca t i on  techno log ies  tha t  have  been  success fu l  i n  Japan  are  cu r ren t l y  no t  be ing  
cons ide red  fo r  European  pro jec ts .   

A  5 .77 .  As  a  resu l t ,  t he re  cou ld  be  s ign i f i can t  techno logy r i sks  i n  imp lement ing  a  gas i f i ca t i on  
so lu t i on  and th i s  may be  v iewed  as  commerc ia l l y  r i sky  and  consequen t l y  ‘ unbankab le ’  
f rom a  f i nanc ia l  pe rspec t i ve .    

A  5 .78 .  There  a re  o the r  bene f i t s  and  d is -bene f i t s  o f  i n teg ra t ing  combus t ion  ra the r  than  
gas i f i ca t ion  in  the  MBT p lan t .  These re la te  to  the i r  re la t i ve :  

 t echno logy s ta tus ;  

 energy recovery  e f f i c ienc ies ;  

 f l ex ib i l i t y ;  

 pub l i c  pe rcept ion  p ro f i l e ;  

 gas  c lean ing  requ i rements .  
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A 5 .79 .  Figure  A33  i s  a  summary  o f  the  above  fac to rs  fo r  MBT in teg ra ted  w i th  combus t i on  o r  
gas i f i ca t i on .  

Figure A33: Some important considerations for MBT integrated with Combustion/Gasification 

Parameter  Combust ion  Gas i f icat ion  

Technology    Deve lopment  has  been  down the  
lea rn ing  cu rve   

 Proven at all scales 

 Low risk, reliable, robust 

 More flexible conversion technique 

 Relevant processes are often small scale 

 Not many systems commercially proven in 
Europe 

 Significant development is still needed 

 Scale-up risks 

Energy  
recovery  

 Proven methods for steam and electricity 
recovery 

 High efficiency energy recovery routes (using   
gas engines or gas turbines) feasible. 

 Integration with gas engines not yet fully 
proven 

 Integration with gas turbine not yet 
demonstrated 

Gas  
c lean ing   

 Gas cleaning methods for combustion flue 
gases well established 

 Stringent gas cleaning required for high 
energy efficiency options   

 Syngas cleaning can be complex and it is 
relatively undeveloped for waste applications  

 The cleaning processes require significant 
investment and operating costs to produce a 
gas of suitable quality  

Percept ion   Bankable 

 NIMBY issues 

 Sometimes seen as unproven and risky so 
may not be easily bankable by external 
sources of finance  

 

Economics   ROC credits unlikely  Automatic ROCs and emissions trading credits  

Source: Juniper analysis 

Environmental and health impacts 

A 5 .80 .  A l l  was te  t rea tmen t  p rocesses  and  fac i l i t i es  p roduce  env i ronmenta l  impac ts .   We wi l l  
cons ide r  the  fo l l ow ing  impac ts  i n  th is  sec t i on :  

 emiss ions  to  a i r ;  

 emiss ions  to  wa te r ;  

 res idues  to  l and ;  

 Potent ia l  hea l th  impac ts .  
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Emissions to air  

From an aerobic digest ion process 

A 5 .81 .  The  p rocess  des igns ,  tha t  u t i l i se  aerobic  t rea tment  (compost ing ,  matura t ion  and b io -
drying )  w i l l  p roduce o f f -gases ,  wh ich  ma in l y  cons is ts  o f :   

 CO 2  and  H 2 O;  

 organ ic  con taminan ts  ( somet imes  re fe r red  to  as  VOCs  but  a re  co r rec t l y  

known as  TOCs1) ;  

 ammonia  (NH 3 ) ;  

 b io -ae roso ls ;2  

 f i ne  pa r t i cu la tes .  

A  5 .82 .  The  Was te  T rea tment  BREF p roposes  tha t  pa r t i cu la tes  (b io -ae roso l s )  and  hydrocarbons  
(VOCs)  i n  the  o f f -gases  f rom MBT p rocesses  shou ld  be  con t ro l l ed  to  the  leve ls  i nd ica ted  
in  Figure  B7 i n  Annexe  B5 .  

A  5 .83 .  B ioaeroso ls  f rom was te  t rea tment  fac i l i t i es  i s  a  top ic  o f  i nc reas ing  concern  in  re la t i on  to  
poss ib le  hea l th  impac ts .   Mos t  MBT p rocess  compan ies  cou ld  p rov ide  l i t t l e  i n fo rmat ion  
on  the  pe r fo rmance o f  the i r  p rocess  in  th i s  respec t .  

From an anaerobic digest ion process 

A 5 .84 .  In  sys tems  emp loy ing  anaerob ic  d iges t ion ,  a l l  o f  t he  gaseous  con taminan ts  f rom the  
d iges t ion  o f  the  was te  a re  i nco rpo ra ted  in to  the  b iogas .  

A  5 .85 .  When  the  b iogas  i s  combus ted  in  a  gas  eng ine ,  exhaus t  gases  w i l l  be  emi t ted  in to  the  
a tmosphere  and  w i l l  con ta in  po l l u tan ts  such  as  carbon monoxide  and  ni t rogen ox ides .  
Heavy meta ls  a re  un l i ke l y  to  be  a  po l l u tan t  i n  gas  eng ine  exhaus ts  because  o f  the  
tempera tu res  a t  wh ich  b iogas  i s  p roduced in  AD sys tems .  A t  these re la t i ve l y  l ow  
tempera tu res ,  heavy meta ls  wou ld  no t  be  vo la t i l i sed  to  any apprec iab le  degree .   

A  5 .86 .  When  a  bypass  f l a re  i s  used  to  combus t  the  b iogas  the  same types  o f  con taminants  
wou ld  a l so  be  re leased  to  the  a tmosphere  when  th i s  dev ice  was  in  opera t ion .  

A  5 .87 .  I t  f o l l ows  tha t  p rocesses  tha t  a re  des igned to  con ta in  bo th  ae rob ic  and anaerob ic  
d iges t ion  e lemen ts  w i l l  genera te  emiss ions  f rom the  ae rob ic  d iges t ion  s tage  as  we l l  as  
f rom the  gas  eng ines .  

                                                                  
1 TO Cs  =  To ta l  O rg a n i c  Ca r bon s  
2 B i o -a e r oso l s  a r e  m ic r o - o r gan i s ms  a nd  o t he r  ve r y  s m a l l  b i o l og i ca l  p a r t i c l es  s usp en de d  i n  a i r .   T he y  a r e  
r es p i r a b l e  an d  n o rm a l l y  i n v i s i b l e .  
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From the mechanical stages of MBT 

A 5 .88 .  In  add i t i on  to  the  emiss ions  f rom the  b io log ica l  s tage  o f  the  MBT p rocess ,  po l l u tan ts  a re  
a l so  p roduced  f rom the  mechan ica l  pa r t s  o f  the  p rocess .  These are  usua l l y :  

 f i ne  pa r t i cu la tes  (dus t ) ;  

 b io -ae roso ls ;  and  

 odour .  

A  5 .89 .  These emiss ions  a re  o f ten  re fe r red  to  as  ‘ fug i t i ve  emiss ions’  and  they a re  usua l l y  
con t ro l l ed  by  ma in ta in ing  a  nega t i ve  p ressure  in  the  bu i l d ing  tha t  houses  the  mechan ica l  
separa t ion  equ ipment ,  i n  o rde r  to  channe l  the  a i r  f rom th i s  pa r t  o f  the  p rocess  to  the  o f f -
gas  management  sys tem (usua l l y  a  b io - f i l t e r  o r  the rma l  ox id i se r ) .   

A  5 .90 .  A i r  f rom p rocess  bu i l d ings  has  a l so  been  used  as  the  a i r  i n take  fo r  gas  eng ines  bu rn ing  
b iogas ,  bu t  the re  a re  eng ine  con taminat ion  i ssues  tha t  have  to  be  addressed .  These a re  
d i scussed  in  the  sec t ion  on  ‘Upgrad ing  o f  b iogas ’ .   

From MBT configurat ions with an integrated  thermal element 

A 5 .91 .  MBT des igns  tha t  a re  p romoted  to  i nc lude a  ded ica ted  the rmal  convers ion  s tage ,  w i l l  
p roduce  d i f f e ren t  gaseous  emiss ions  f rom those  we  have  a l ready iden t i f i ed  because  o f  
the  much  h igher  tempera tu res  tha t  a re  used  in  the  the rmal  s tage .  The  exac t  na tu re  o f  
the  emiss ions  depends  on  the  the rmal  convers ion  techno logy emp loyed :  combus t ion ,  o r  
gas i f i ca t i on .  The  emiss ions  cou ld  i nc lude :  

 ac id i c  gases  (  e .g .  SO 2 ,  HC l ,  HF,  NO x  ) ; 1 

 heavy meta ls  (Hg  and i t s  compounds ;  Cd  and  i t s  compounds ,  a rs ine ,  e tc ) ;2  

 VOCs (Vo la t i l e  Organ ic  Compounds) ;  

 d iox in / fu rans  (gener i c  name fo r  the  i somers  o f  Po ly  Ch lo r ina ted  D i benzo -p -

D i ox ins  and  Po ly  Ch lo r ina ted  –D i benzo Furans ) ;3 

 par t i cu la tes  (dus t ) .  

A  5 .92 .  In  the  UK,  emiss ions  f rom the rmal  p rocesses 4 t ha t  t rea t  was te  o r  was te  de r i ved  mate r i a ls  
a re  con t ro l l ed  by  the  EU-WID (EU -  Was te  Inc inera t ion  D i rec t i ve ,  wh ich  p rov ides  the  
s ta tu to ry  l im i t s  on  emiss ions  to  a i r )  regu la t i ons .  Th is  means  tha t  p rocesses  tha t  have 
in teg ra ted  the rma l  t rea tmen t  w i l l  requ i re  aba tement  sys tems  to  mee t  EU WID.   The WID 

                                                                  
1 S O 2  =  s u l ph u r  d i o x i d e ;  H C l  =  H yd r og en  c h l o r i d e ;  H F  =  H yd r o g en  f l o u r i d e ;  N O x  =  gen e r i c  f o r mu l a  u s e  t o  
r e f e r  t o  t he  o x i d es  o f  n i t r o ge n .   
2 H g  =  Me rc u r y ;  Cd  =  C ad m iu m;  A rs i ne  i s  t he  h yd r i de  o f  A rs e n i c  (As )  f o r m ed  wh e n  a r s en i c  p res en t  as  a  
c on t a m i na n t  i n  wa s t e  s t r e a ms  i s  r ed uc e d  by  n a s c e n t  h yd ro g en .  A rs i n e  i s  a n  e x t r e me l y  p o i s on ous  gas  wh i c h  
d ec om p os es  t o  i t s  e l e me n t s  As  an d  H 2  wh e n  h e a t ed  ab o ve  2 5 0 - 30 0 0 C  ( t h e r e f o r e  a t  g as  en g in e  t e mp er a t u r es )  
As  i s  l i k e l y  t o  b e  p r ese n t  i n  t h e  en g i ne  e xh a us t  gas es .  
3 P C D D &  P C D F a r e  a  r a n ge  o f  c h l o r i n a t ed  a ro m a t i c  co m po un ds  t ha t  a re  o f  p r i ma r y  co nce r n  i n  e m iss i o ns  
4 T he  re gu la to r y  s t a tus  o f  gas  en g i ne  i s  unc le a r  
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l im i t s  fo r  the  va r ious  t ypes  o f  combus t i on  app l i ca t ions  can  be  found  in  Figure  B10  i n  
Annexe  B6 .  

Figure A34: Potential emissions to air from MBT processes 

Emiss ion  Mechanica l  Process ing  Aerobic  Process ing  Anaerobic  Process ing  

Dust All mechanical handling of input 
waste and product streams.  Sieving, 
grinding and turning operations. 

Aerobic composting operations are 
known to produce a range of fungi. 

Wind blown dusts from open 
maturation areas. 

Transfer of materials to and from 
the digestion plant, where this 
may be in open conveyor systems 
or by mechanical loaders. 

Bio-aerosols  Fungi and spores produced by the 
biological processing stage can be 
made airborne by mechanical 
handling of solid materials.  They 
could also be released by the action 
of equipment such as trommels and 
vibrating screens. 

Produced by aerobic processes and 
surveys have specifically identified a 
fungus called Aspergillus fumigatus, 
which is found all over the world in 
soil and forest litter.  It is associated 
with the degradation of cellulose 
and is capable of surviving 
temperatures up to 65oC. 
 

As the AD reactor is closed bio-
aerosol formation and dispersion 
would occur from waste or 
product storage. 

Odours Bad housekeeping allowing a build-
up of putrescible material on 
mechanical equipment would 
produce odours 

Typically, odour emissions are caused by anaerobic conditions.  Odours 
can be emitted from the surfaces of open piles, windrows, maturation 
piles and storage piles.  The most problematic compounds creating odours 
include ammonia, hydrogen sulphide, mercaptans, alkyl sulphides and 
terpenes.  

The anaerobic digestion process releases H2S and because this gas can be 
odorous at concentrations in the  ppm (parts per million) range, it can 
usually often be detected at many MBT installations and can reach 
nuisance levels at AD-based facilities. 
 

Ammonia (NH3) Not Applicable Generally smaller for enclosed aerobic operations but higher from open 
windrow composting. Generally smaller for anaerobic systems. 

Nitrogen in the waste can easily be converted to NH3, which is more likely 
to occur if the C:N ratio is unbalanced because of an excess of nitrogen or 
the biomass becomes anoxic.  High levels of NH3 can have a detrimental 
effect on the biofilters. Acid gas scrubbers have been used to reduce the 
level of NH3 to below 10 mg/m3. 
 

Methane (CH4) Not Applicable Depending on temperature and 
moisture control, aerobic processes 
can become anaerobic with 
subsequent CH4 emissions.  

Since composting processes would 
not usually have abatement for 
methane, this potential green-house 
gas will be vented to the 
atmosphere.  

Although emissions from an 
enclosed AD process operating at 
atmospheric pressure are unlikely, 
release of biogas is possible during 
transfer of materials to and from 
the digester and from emergency 
vent valves.  This could pose 
safety risks from uncontrolled CH4 
releases. 

VOCs in the input waste will be 
transferred to the gas phase by the 
action of heat and emitted to 
atmosphere.  Gases from MBT plants 
contain a large number of single 
organic compounds with fluctuating 
concentrations. 

VOCs released in the biological 
process (AD) will be incorporated 
into the biogas and be combusted 
in the gas engine. 

VOCs Open air heaps have TOC 
concentrations above 1000 mg/m3 
because of the anaerobic conditions 
at the core of the heap. 

Low concentrations of CFCs, particularly di- and tri-chloromethane, have 
also been detected in the air emissions from MBT plants. 
 

Gas engine 
exhausts 

Not Applicable Not Applicable The gas engine exhausts will 
contain high levels of CO and NOx.  
Depending on local regulations it 
may be necessary to abate these 
emissions by the application of 
catalytic technology. 

Source: multiple sources 
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Abatement of emissions to air f rom MBT plants 

Mechanical and aerobic t reatment stages  

A 5 .93 .  The  o f f -gases  f rom con f igu ra t ions  incorpora t ing  these  two  s tages  a re  usua l l y  t rea ted  
us ing  b io - f i l te rs  o r  the rmal  ox id i se rs .  

A  5 .94 .  Bio- f i l te rs  a re  the  t rad i t i ona l  means  o f  manag ing  o f f -gases  f rom MBT,  ma in l y  because  
they a re  a  re la t i ve l y  l ow  cos t  op t ion .   They cons is t  ma in l y  o f  a  mass  o f  humid i f i ed  
po rous  o rgan ic  ma te r i a l  (usua l l y  woody b iomass)  tha t  i s  popu la ted  w i th  m ic robes  
capab le  o f  degrading  odorous contaminants  p resen t  i n  the  o f f -gases .    

Figure A35: Bio-filter at VKW’s reference plant in Tufino, Italy 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Source: Photograph taken by Juniper during site visit 

A 5 .95 .  Adsorp t i on ,  phys io -chemica l  and  mic rob io log ica l  p rocesses  take  p lace  be tween  the  
p rocess  o f f -gases  and the  f i l t e r  med ium resu l t i ng  in  the  b reakdown o f  the  con taminants  
i n  the  o f f -gases .    

A  5 .96 .  Some p rocesses  humid i f y  the  gases  be fo re  the re  a re  passed th rough  the  b io - f i l t e r  as  th i s  
i s  known to  ass i s t  t he  up take  and  b reakdown o f  con taminan ts .  Bu t ,  pH,  nu t r i en t  supp ly ,  
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o f f -gas  f l owra te ,  po ros i t y  and  the  d imens ions  o f  the  b io f i l t e r  can  a l so  a f fec t  the  
pe r fo rmance  o f  the  b io - f i l te r .  

A  5 .97 .  The  abatement  o f  b io -aerosols  i n  b io - f i l t e rs ,  depends  so le l y  on  the  phys ica l  impac t  
be tween  the  b io -ae roso ls  and  the  bed  pa r t i c les .  Hence ,  the  main  des ign  pa ramete rs  to  
max imise  b io -ae roso l  cap tu re  a re :  

 t he  s i ze  o f  the  b io - f i l te r  par t i c les ;    

 t he  o f f -gas  f lowra te ;  

 and  the  s i ze  o f  the  b io - f i l te r  bed  

A  5 .98 .  B io -ae roso l  cap tu re  i s  sa id  to  be  g rea tes t  w i th  smal le r  b io - f i l t e r  bed  pa r t i c les  because  
the re  a re  sma l le r  spaces  be tween  par t i c les .  Bu t  sma l le r  bed pa r t i c les  can  resu l t  i n  
c logg ing  o f  pa r t s  o f  the  bed .   Th is  wou ld  cause  the  ve loc i t y  o f  t he  o f f  gases  pass ing  
th rough  o ther  pa r t s  o f  the  bed  to  i nc rease,  wh ich  cou ld  reduce the  e f f i c iency  o f  odour  
con t ro l .  

A  5 .99 .  The  supp l ie rs  o f  th i s  t ype  o f  o f f -gas  c lean ing  techno logy emp loy  va r ious  techn iques  to  
op t im ise  bo th  odour  con t ro l  and  b io -ae roso l  cap tu re ,  a  d i scuss ion  o f  wh ich  i s  ou ts ide  the  
scope  o f  th i s  repor t .    

A  5 .100 .  Regenerat ive  Thermal  Ox idat ion  sys tems  (RTO)  a re  now requ i red  in  Germany,  by  the  
30 t h  B ImSchV regu la t i ons ,  to  t rea t  o f f -gases  f rom MBT p lan ts .  Th is  requ i rement  resu l t s  
f rom the  s t r i ngen t  l im i ts  on  the  leve l  o f  To ta l  Organ ic  Carbon  (TOC)  tha t  can  be  emi t ted  
to  the  a tmosphere ,  wh ich  i s  beyond  the  aba tement  pe r fo rmance  o f  b io - f i l t e rs .    

A  5 .101 .  Th is  techno logy u t i l i ses  foss i l  f ue ls  to  combus t  the  o f f -gases  f rom the  p rocess  in  
spec ia l l y  des igned  bu rners ,  wh ich  recupera te  the  hea t  f rom the  bu rner  exhaus t  gases  
( i . e .  the  ‘ regenera t i ve ’  componen t  o f  the  des ign ) .  In  a  few cases  b iogas  genera ted  a t  the  
MBT p lan t  i s  a l so  be ing  used  to  m in im ise  foss i l  f ue l  use .  

A  5 .102 .  Th is  requ i rement  i n  Germany adds  to  bo th  the  inves tmen t  and  opera t ing  cos ts  o f  an  MBT 
p lan t ,  bu t  the  RTO e f fec t i ve l y  des t roys  odorous  con taminan ts ,  b io -ae roso ls  and  o rgan ic  
con taminan ts .   I n  some MBT p lan ts  the  use  o f  an  RTO wi l l  avo id  the  need  fo r  a  re la t i ve  
l a rge  land  a rea  tha t  m igh t  be  requ i red  to  i ns ta l l  a  b io - f i l t e r .   

A  5 .103 .  The  in teg ra t ion  o f  an  RTO wi th in  an  MBT p lan t  may a l so  inc rease the  ove ra l l  p lan t  
p ro f i l e ,  bu t  the  s tack  fo r  the  RTO i s  shor te r  and  th inner  than  those  found  a t  l a rge  sca l e  
MSW inc ine ra to rs  ( see  Figure  A36 ) .    

A  5 .104 .  Wh i le  mos t  MBT supp l ie rs  i nd i ca ted  to  us  du r ing  th i s  s tudy tha t  des igns  p roposed  fo r  the  
UK wi l l  no t  have  th is  e lemen t  un less  i t  i s  necessary ,  one  supp l i e r  has  inco rpo ra ted  
RTO’s  as  pa r t  o f  t he i r  submiss ion  fo r  a  UK MBT p ro jec t  (see  Herho f  p rocess  rev iew in  
Annexe  D3 ) .   
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Figure A36: Horstmann reference plant at Münster, Germany  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Source: Photgraph taken by Juniper during site visit 

Exahust gases f rom gas engines  

A 5 .105 .  Gas  eng ine  exhaus t  cou ld  con ta in  the  fo l l ow ing  po l l u tan ts :  

 n i t rogen  ox ides  (NO x ) ;  

 su lphur  d iox ide  (SO 2 ) ;  

 hydrogen  su lph ide  (H 2 S) ;  

 par t i cu la tes ;  

 carbon monox ide  (CO) ;  

 Vo la t i l e  Organ ic  Compounds  (VOCs) .  

Ch imney fo r  RTO 
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A 5 .106 .  A l though  i t  i s  no t  ye t  c lea r  how the  emiss ions  f rom gas  eng ines  f i r i ng  b iogas  w i l l  be  
regu la ted  in  the  UK,  l im i ts  have  been  p roposed  in  the  d ra f t  was te  t rea tmen t  BREF and  
a re  summar ised  in  Figure  A37 .  D iscuss ion  abou t  th i s  BREF as  i t  pe r ta ins  to  gas  eng ine  
emiss ions  can  be  found  in  Annexe  B5 .   

Figure A37: Proposed maxima for exhaust gas emissions for biogas combustion 

Maximum concentrat ion  l imi t   Lowest  ach ievab le  concentrat ion  l imit  
Po l lutant  

mg/Nm 3  at  5  vo l%  O 2  

Particulate 50 10 

NOx 300 100 

SO2 500 ? 

CO 650 100 

H2S 5 ? 

Hydrocarbons (VOCs) 50 ? 

?   no lower limit currently included.  Consultation with industry ongoing 

Source: adapted from IPPC Draft Waste Treatment BREF, Jan 2004 (page 466) 

A 5 .107 .  S imi la r  to  the  t rea tment  o f  f l ue  gases  f rom combus t ion  p rocesses ,  gas  c lean ing  
techno log ies  fo r  dea l ing  w i th  the  po l lu tan ts  l i s ted  in  Figure  A37  a re  we l l  es tab l i shed  and  
can  be  eas i l y  imp lemen ted ,  bu t  a t  s ign i f i can t  add i t i ona l  cos ts ,  wh ich  cou ld  a f fec t  t he  
v iab i l i t y  o f  the  MBT p ro jec t .  None  o f  the  MBT re fe rence  p lan ts  we  v i s i t ed  du r ing  the  
course  o f  th i s  s tudy,  wh ich  u t i l i sed  anaerob ic  d iges t ion ,  had gas  c lean ing  sys tems  fo r  
the  gas  eng ine  exhaus ts .  

Emissions to water 

A 5 .108 .  Aerob i c  p rocesses  evapora te  wa te r  f rom the  inpu t  was te .   Be low abou t  40% mo is tu re ,  
the  compos t ing  p rocess  becomes  inh ib i ted  and  the re fo re  wa te r ,  usua l l y  recyc led  f rom 
some o the r  pa r t  o f  t he  p rocess ,  i s  added  to  sus ta in  d iges t ion .   Some o f  the  wa te r  passes  
th rough  the  was te  p i l e  ex t rac t i ng  so l i ds ,  e i the r  d isso lved  o r  suspended ,  f rom i t .   The 
resu l t i ng  suspens ion  i s  ca l l ed  ‘ l eachate ’ .   

A  5 .109 .  Leachate  can  a lso  be  produced in  processes  that  a re  designed to  b io -dry the  w aste ,  
even though  no  w ater  is  added to  the  process .  The  quan t i t y  o f  l eacha te  p roduced  in  
such  p rocesses  i s  l ower  than  tha t  f rom p rocesses  des igned  to  fu l l y  d iges t  the  was te  
ae rob ica l l y .   

A  5 .110 .  MBT p rocesses  tha t  emp loy  a  f i na l  ma tu ra t ion  s tage  w i l l  requ i re  s to rage  o f  l a rge  
vo lumes  o f  ‘ compos t ’  f o r  seve ra l  weeks .   Leacha te  w i l l  be  fo rmed  na tu ra l l y  o r  f rom ra in  
wa te r  pass ing  th rough  the  s to rage  p i l es .  

A  5 .111 .  The  leacha te  usua l l y  con ta ins  va r ious  eas i l y  b io -degradab le  compounds  (wh ich  makes  i t  
odorous ) ,  n i t ra tes  and  o rgan ic  ac ids ,  wh ich  w i l l  need  to  be  managed  and t rea ted  be fo re  
d i scharge  to  sewer .  
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A 5 .112 .  Anaerob ic  d iges t i on  p rocesses  can  p roduce  l i qu id  e f f l uen t .  Th is  l i qu id  e f f l uen t  can  be  in  
the  fo rm o f  a  concen t ra ted  s ludge  o r  suspens ion  leav ing  the  AD reac to r  as  the  d iges ta te .   
Typ ica l l y ,  l i qu ids  a re  recovered  f rom the  d iges ta te  i n  a  dewate r ing  s tage .     

A  5 .113 .  As  the  AD p rocess  i s  op t im ised  to  max imise  the  p roduc t i on  o f  me thane ,  then  genera l l y ,  
t he  COD in  the  e f f l uen t  tends  to  be  h igh .   Because  many AD sys tems  opera te  w i th  l ow 
so l i ds  concen t ra t i on  and  requ i re  we t  p re - t rea tmen t  sys tems  to  p repare  the  was te  fo r  the  
anaerob ic  d iges t i on  p rocess ,  re la t i ve l y  l a rge  quan t i t i es  o f  l i qu id  e f f l uen t  has  to  be  
managed.   Such  t ypes  o f  anaerob ic  d iges t ion  p rocesses  p roduce la rge r  vo lumes  o f  l i qu id  
e f f l uen t  than  the i r  ae rob ic  counte rpa r ts .   

Residues to land 

A 5 .114 .  MBT p rocesses  p roduc ing  a  b io -s tab i l i sed  ou tpu t  resu l t  i n  abou t  20 -50% o f  the  mass  o f  
the  inpu t  was te  be ing  sen t  to  l and f i l l .   As  we  have  d i scussed  e lsewhere ,  the  
b iodegradab i l i t y  o f  th i s  ou tpu t  i s  s ign i f i can t l y  reduced .  In  Germany and  Aus t r i a  fu r the r  
reduc t i ons  in  the  TOC leve ls  i n  th i s  ou tpu t  i s  necessary  fo r  i t  t o  be  c lass i f i ed  as  
su f f i c ien t l y  i ne r t  t o  be  land f i l l ed .   

A  5 .115 .  The  ‘ compos t ’  o r  so i l  improver  p roduced  by  some MBT p rocesses ,  wh ich  can amount  to  
50% by we igh t  o f  t he  inpu t  was te ,  wou ld  need  to  be  managed  as  a  res idue  i f  l ong - te rm 
marke t  ou t le ts  cannot  be  found  and  secured .   

A  5 .116 .  MBT p rocesses  con f igu red  to  p roduce SRF can  genera te  a  s ign i f i can t  quant i t y  o f  so l i d  
res idues .  Th is  can  be  as  much  as  20  wt% o f  the  inpu t  was te .  The  re la t i ve l y  l a rge  
res idua l  s t ream,  wh ich  i s  usua l l y  l and f i l l ed ,   i s  a  consequence  o f  the  degree  o f  re f i n ing  
tha t  i s  requ i red  to  p roduce  a  good qua l i t y  fue l  ( see  fu r the r  d iscuss ion  o f  SRF qua l i t y  i n  
Annexe  C ) .    

A  5 .117 .  I f  a  l ong - te rm ou t le t  cannot  be  found  fo r  the  SRF,  i t  wou ld  have  to  be  land f i l l ed .  Because 
o f  the  way in  wh ich  the  p rocess  i s  op t im ised ,  the  SRF wou ld  s t i l l  have  a  s ign i f i can t  
b iodegradab le  con ten t ,  mean ing  tha t  up  to  70% o f  the  inpu t  was te  may end  up  in  l and f i l l .  

A  5 .118 .  I f  RDF i s  u t i l i sed  in  a  ded ica ted  on -s i te  bo i le r ,  t he  p rocess  w i l l  genera te  ash .   I t  w i l l  a l so  
p roduce  gas  c lean ing  res idues  as  a  resu l t  o f  f l ue  gas  aba tement  tha t  w i l l  be  necessary  
to  comply  w i th  EU-WID.   Bo th  the  ash  and  gas  c lean ing  res idues  w i l l  need  to  be  
managed and d i sposed o f  i n  a  l and f i l l .  

Potential  health impacts 

A 5 .119 .  We have  d i scussed  the  emiss ions  to  a i r ,  wa te r  and  land  p roduced  by  MBT p rocesses .   
There  i s  s ign i f i can t  i n te res t  i n  how such  emiss ions  cou ld  impac t  on  the  hea l th  o f  
worke rs  and  the  popu la t i on  loca l  t o  was te  t rea tmen t  p lan ts .   I n  th i s  sec t ion  we  p rov ide  a  
b r ie f  ove rv iew o f  the  poss ib le  hea l th  r i sks  assoc ia ted  w i th  MBT processes .   I t  should  
be  s t ressed that  no  data  ex is ts  f rom stud ies  d i rect ly re la ted  to  an  MBT p lant  bu t  
work  has  been  ca r r ied  ou t  to  exp lo re  the  r i sks  assoc ia ted  w i th  compos t i ng  p lan ts .   No  
ex t rapo la t i ons  shou ld  be  made  f rom th i s  i n fo rmat ion  bu t  spec i f i c  research  shou ld  be  
conduc ted  on  ac tua l  re fe rence  fac i l i t i es .  
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A 5 .120 .  The  poss ib le  hea l th  r i sks  assoc ia ted  w i th  compos t i ng  and  AD processes  have  rece ived 
fa r  l ess  a t ten t ion  than  those  assoc ia ted  w i th  i nc ine ra t ion .  Fo r  examp le ,  the  fo rmat ion 
and  re lease  in to  the  a tmosphere  o f  b io -ae roso ls ,  undes t royed  pa thogens  in  the  CLO 
(d iges ta te  o r  ‘ compos t ’ )  and  heavy meta l  con taminat ion  o f  the  MBT p rocess  so l i d  
ou tpu ts  cou ld  l ead  to  exposure  fo r  worke rs ,  the  ne ighbour ing  communi t y  o r  those  
exposed to  p roduc ts  re la ted  to  the  ou tpu ts .  These  hea l th  r i sks  can be  sa t i s fac to r i l y  
addressed  in  a  modern  p ro fess iona l l y  managed and  opera ted  fac i l i t y ,  p rov ided  a  
de ta i l ed  assessment  o f  the  i ssues  i s  conduc ted .  

A  5 .121 .  No tw i ths tand ing  th i s ,  t he re  remain  some concerns  in  the  UK abou t  the  poss ib le  hea l th  
impac ts  o f  was te  t rea tmen t  fac i l i t i es ,  i nc lud ing  MBT p lan ts .   The  House o f  Commons  
Env i ronment ,  Food  and  Rura l  A f fa i r s  Commi t tee  Repor t  –  ‘The  Fu tu re  o f  Was te  
Management ’  -  made  re fe rence  to  sc ien t i f i c  doubts  abou t  the  impac t  o f  d i f f e ren t  was te  
t rea tmen t  me thods .   Subsequen t l y ,  DEFRA pub l i shed  a  repor t 1 wh ich  rev iewed  the  
env i ronmenta l  and hea l th  impac ts  o f  the  management  and p rocess ing  o f  MSW.   Th is  
repor t  con ta ined  some l i te ra tu re  da ta  and  a l so  re fe r red  to  the  Was te  Management  
BREF2 be ing  deve loped  in  Sev i l l e  ( see  Annexe  B ) .  

A  5 .122 .  Th is  repor t  found  tha t  no  s tud ies  concern ing  the  po ten t ia l  hea l th  impac ts  f rom MBT 
p lan ts  have  been  ca r r ied  ou t  and  tha t  the re  i s  l im i ted  da ta  f rom Mechan ica l  Recovery  
Fac i l i t i es  (MRFs)  and ae rob ic  compos t i ng  p lan ts .  

A  5 .123 .  I t  i s  s ta ted  tha t  p lan t  opera to rs  w i l l  come in to  c lose  con tac t  w i th  the  MSW-der i ved  was te  
and  as  such  w i l l  be  exposed  to  chemica l  hazards ,  vapours  and  suspended  par t i cu la te  
mat te r .   The la t te r  w i l l  i nc lude  b io -ae roso ls  tha t  pose  the  g rea tes t  hea l th  r i sk .  The  
g rea tes t  exposure  o f  worke rs  i s  l i ke l y  to  occur  i n  MBT p lan ts  tha t  opera te  hand-p ick ing  
l i nes .  

A  5 .124 .  I t  i s  a l so  sa id  tha t  the re  a re  no  ep idemio log ica l  s tud ies  o f  popu la t i ons  l i v ing  c lose  to  a  
MRF.  

A  5 .125 .  Severa l  s tud ies  a re  repor ted  in  the  DEFRA repor t3 where  da ta  was  ob ta ined  f rom 
worke rs  exposed  to  m ixed MSW in  was te  so r t i ng  p lan ts  bu t  none a re  d i rec t l y  re levan t  to  
MBT p lan ts .   The  genera l  conc lus ion  was  tha t  the re  was  l i t t l e  ev idence  tha t  MRFs  posed 
a  s ign i f i can t  th rea t  to  pub l i c  hea l th  o r  the  env i ronment  bu t  the  mos t  impor tan t  emiss ions  
were  b io -ae roso l s  fo r  wh ich  the re  a re  no  adopted  occupa t iona l  exposure  l im i ts .  

A  5 .126 .  The  DEFRA repor t  po in ted  ou t  tha t  compos t ing  p rocesses  have  been  sub jec ted  to  a  
g rea te r  degree  o f  s tudy.   Aga in  the  p r imary  po l l u tan t  o f  concern  was  b io -ae roso l s .   The  
spec i f i c  componen ts  wh ich  fo rm b io -aeroso ls  de r i ved  f rom compos t i ng  p rocesses  a re  as  
fo l l ows :  

 Fung i  –  p ro l i fe ra te  du r ing  the  compos t i ng  p rocess  and  a re  o f  concern  s ince  some 
a re  a l l e rgen ic ;  

                                                                  
1 D E F R A  –  R ev i e w  o f  e n v i r on m en t a l  an d  he a l t h  e f f ec t s  o f  was t e  m ana g em e n t :  mu n i c i p a l  s o l i d  wa s t e  a n d  
s im i l a r  wa s tes ,  w r i t t e n  b y  En v i r os  Co nsu l t i n g ,  Un i ve rs i t y  o f  B i r m in gh am ,  t h e  Op en  Un i ve rs i t y  an d  M a gg ie  
T h u rg oo d .  
2 I PP C  –  D r a f t  R e f e r e n c e  D o c u me n t  on  Be s t  A va i l ab le  T ec h n i qu es  f o r  t h e  W as t e  T r e a t m e n t  I n d u s t r i e s ,  
J an ua r y  2 00 4  
3 DE F R A,  op .  c i t .  
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 Bac te r ia  –  i nc lude  a  w ide  range  o f  bo th  g ram-nega t i ve  and  g ram-pos i t i ve  
o rgan isms ,  many o f  wh ich  a r r i ve  in  the  inpu t  MSW.   These inc lude faeca l  co l i f o rm 
o rgan isms  wh ich  shou ld  be  des t royed  by  the  e leva ted  tempera tu res  deve loped  by  
the  compos t ing  p rocess  un less  they by -pass  the  h igh  tempera tu re  zone ;  

 Act inomyce tes  –  f i l amen tous  g ram-pos i t i ve  bac te r ia  some o f  wh ich  a re  
the rmoph i l i c  ( can  su rv i ve  a t  h igh  tempera tu res )  and th r i ve  in  we t  compos t .   They 
a re  recogn ised  resp i ra to ry  a l l e rgens ;  

 Endo tox in  –  a  te rm g iven  to  f ragments  o f  the  bac te r ia l  ce l l  wa l l  f rom g ram-
nega t i ve  bac te r ia .   Can cause  i l l ness  by  i nha la t i on ;  

 Myco tox ins  –  non-vo la t i l e  l ow mo lecu la r  we igh t  secondary  me tabo l i t es  p roduced  
by  fung i .   Can  be  inges ted  and  a re  cons ide red  ca rc inogen ic ,  neuro tox ic  and 
te ra togen ic  and  can  cause occupat iona l  l ung  d i sease;  

 Glucans  –  po lymer i c  spec ies  o f  g lucose found in  the  ce l l  wa l l s  o f  fung i ,  bac te r ia  
and  p lan ts .   A  po ten t  i n f l ammato ry  agen t  known to  cause adverse  resp i ra to ry  
hea l th  e f fec ts .  

A  5 .127 .  Accord ing  to  Swan  e t  a l .  (2002)1 t he  e f fec ts  o f  exposure  to  o rgan ic  dus ts  ( con ta in ing  the  
b io -ae roso l  components  l i s ted  above)  on  resp i ra to ry  hea l th  may lead  to  the  fo l l ow ing  
iden t i f i ab le  cond i t i ons :  

 Al le rg i c  rh in i t i s  and as thma –  in f l ammato ry  cond i t i on  caused by  exposure  to  
a l l e rgens  in  o rgan ic  dus ts ;  

 Chron ic  b ronch i t i s  and  ch ron ic  obs t ruc t i ve  pu lmonary  d i sease  –  in f l ammato ry  
d i seases  o f  the  resp i ra to ry  s ys tem caus ing  obs t ruc t ion  o f  a i r  exchange .   There  i s  
ev idence  tha t  a i rbo rne  bac te r ia l  endo tox ins  may be  one  causa t i ve  fac to r ;  

 Ext r ins i c  a l l e rg i c  a l veo l i t i s  and  g ranu lomatous  pneumon i t i s  –  spec i f i c  
i n f l ammato ry  reac t i ons  o f  the  deep lung lead ing  to  ch i l l s ,  f eve r ,  d ry  cough  and 
inc reas ing  b rea th lessness  w i th  the  long  te rm poss ib i l i t y  o f  pe rmanen t  l ung  
damage ;  

 Toxic  pneumonit is or  organic dust toxic syndrome – an acute i l lness occurr ing dur ing 
or  af ter high exposures to ai rborne dust and leading to inf luenza- l ike symptoms. 

A 5.128.  Whi lst  many measurements of  ai rborne concentrat ions of  organisms and dust part ic les have 
been made in the vic ini ty of  compost ing plants (e.g.  Wheeler et  al .  (2001)2 ) ,  which provide 
evidence of potent ia l  hazard to compost workers,  there have been very few studies of 
health effects from which any quantitative indication of r isk can be derived .  

A 5.129.  The Def ra  Repor t3 could  not  f ind  an y d i rec t  evidence  that  l iv ing  c lose  to  a  MSW-
der ived  w aste  compost ing  fac i l i ty w ould  pose  a  s ign i f icant  r isk  to  human hea l th  
but  i t  caut ioned that  w i th  the  expected  increase  in  the  number  o f  compost ing  
p lants  then  the  need to  invest igate  the  loca l  heal th  consequences  of  compost ing  
should  be  pursued .  

                                                                  
1 I b i d ,  S wa n  e t  a l  ( 2 00 2 )  
2 I b i d ,  W hee l e r  e t  a l  ( 2 00 1 )  
3 I b i d  
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