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S a t u r d a y  30 A p r i l  1983;  

A t  3 . 2 0  P.m I t o o k  t h e  f l i g h t  J L  4 6 4  from C a i r o  t o  Bankok. 

Sunday 1 May 1983; ' 

A t  7.30 A.m I a r r i v e d  a t  Bangkok a i r  p o r t .  I moved by t a x i  

t o  R.S H o t e l  i n  Bangkok where  I took  a  res t .  

Monday 2  May 1983; 

A t  9.00 A.m,  I moved t o  ESCAP b u i l d i n g  t o  p a r t i c i p a t e  i n  t h e  

I n t e r n a t i o n a l  Workshop on Unf f o r m i t y  o f  I n £  o r m a t i o n  R e p o r t i n g  

f o r  B iome thana t ion  Sys t ems ,  where I met w i t h  D r .  Norman L .  Brown, 

t h e  o r g a n i s e r  o f  t h e  Workshop. The Workshop was h e l d  d u r i n g  

t h e  p e r i o d  2-6 May. 

10  A.M. The open ing  a d d r e s s  by M r .  A .S ,Manalac ,  o f f i c e r  i n  

c h a r g e ,  N a t u r a l  Resources.  D iv i s i cm,  ESCAP, U N .  T h i s  was 

f o l l o w e d  by welcoming comments by D r .  I r e n e  T i n k e r ,  D i r e c t o r ,  

E q u i t y  p o l i c y  c e n t r e  (EPOC) Washington D . C . * D r .  Norman L. Brown, 

E q u i t y  p o l i c y  c z n t r e ,  i n t r o d u c e s  t h e  workshop i s s u e s .  L a s t l y ,  

i n t r o d u c t i o n  o f  p a r t i c i p a n t s  i n  t h e  workshop was c a r r i e d .  

. -. 
11 A,M. THe workshop d e a l t  w i t h  problem i d e n t i f i c a t i o n .  

& b r i e f i n g  o f  t h e  s i t u a t i o n  o f  b i o g a s  t e c h n o l o g y  i n  d i f f e r e n t  

c ~ u n t r i e s  was g i v e n  by t h e  p , - t i c i p a n t s .  I b r i e f e d  t h e  m e e t i n g  

a b o u t  t h e  b i o g a s  deve lopments  and d e m o n s t r a t i o n  i n  Egypt .  

2.00 P.M. The workshop rev iewed t h e  d a t a  on  B iome thana t ion  

Systems.  The workshop h a s  i d e n t i f i e d  t h e  ma jo r  p rob lems  

f a c e d  i n  e v o l v i n g  a u n i f o r m  set of  i n f o r m a t i o n  which i f  



a d o p t e d  would f a c i l i t a t e  p r o p e r  e v a l u a t i o n  o f  Biomethana t ion  

Sys tems .  I n  view of t h e  l i m i t e d  time f o r  t h e  workshop it was 

s u g g e s t e d  t h a t  t h e  workshop c o n c e n t r a t e  on t h e  t e c h n i c a l  and 

soc io-economic  issues w h i l e  keep ing  i n  mind o t h e r  r e l e v a n t  

i s s u e s .  The workshop w a s  s u b d i v i d e d  i n  3 g r o u p s ,  namely: 

Group I d e a l i n g  w i t h  p r o c e s s  d e s i g n  and c o n s t r u c t i o n ;  Group 

I1 a n a l y t i c a l  measurement and m o n i t o r i n g  of t h e  d i g e s t e r ,  

'and Group 111, u t i l i z a t i o n  o f  t h e  o u p t p u t s ,  and h e a l t h ,  

and e n v i r o n m e n t a l  i s s u e s .  

5.00 P.M. A r e c e p t i o n  was h o s t e d  by t h e  E q u i t y  p o l i c y  

c e n t r e ,  Washington D . C . ,  t h e  o r g a n i s e r  of. t h e  workshop, 

i n  honour  of  t h e  p a r t i c i p a n t s  a t t e n d i n g  t h e  workshop, a t  

t h e  VIP Room, s e r v i c e  b u i l d i n g ,  U . N .  

Tuesday,  3 May 1983; 

9.00 A.M. The d i s c u s s i o n s  was c o n t i n u e d  c o n c e r n i n g  t h e  

d i f f e r e n t  t o p i c s  o f  .the..-workshop. The p a r t i c i p a n t s  o f  t h e  

workshop were subdevided  i n  t h r e e  g roups  t o  p r e p a r e  r e p o r t  

f o r  e a c h  o f  t h e  ment ioned t h r e e  g roups .  I was t h e  cha i rman 

of  Group I " t h e  p r o c e s s  d e s i g n  and c o n s t r u c t i o n " .  The 

d i s c u s s i o n s  were c o n t i n i ~ e d  u n t i l  5.00 P.M. C o f f e e  and 

luncheon  b r e a k  were o r g a n i s e d  a t  10 .45  and 12 .30 .  

Wednesday 4 May 1983;  

A 8.00 a m e e t i n g  was c a r r i e d  t o  d i s c u s s  t h e  r e p o r t s  p r e p a r e d  

by d i f f e r e n t g r o u p s .  Some m o d i f i c a t i o n  were done i n  t h e  r e p o r t s .  

The d i s c u s s i o n s  c o n t i n u e d  u n t i l  12.00.  

A t  12 .30  a s t u d y  t o u r  was o r g a n i s e d  by t h e  N a t i o n a l  Energy 

A d m i n i s t r a t i o n  of  T h a i l a n d  t o  v i s i t  a  l a r g e  b i o g a s  p l a n t  a t ,  

Wat-Tukal-Raj Samakee, i n  Pan-Thong D i s i t r i c t ,  Chonbur i  

p r o v i n c e .  



The b i o g a s  p l a n t  ( F i g  1) is  o f  mod i f i ed  Ch inese  t y p e  d i g e s t e r .  
3  The d i g e s t e r  d i a m e t e r  i s  6 m ,  and i t s  volume i s  a b o u t  113 m . 

The d i g e s t e r  o p e r a t e s  u s i n g  t h e  r i c e  m i l l  byp roduc t s  o S t a i n e d  

from t h e  1st - v i b r a t i n g  s c r e e n  a s  f e e d .  T h i s  i n c l u d e  some 

broken r ice ,  r i c e  b r a n ,  r i ce  h u l l s ,  and some sand  and s i l t .  

The d i g e s t e r  i s  f e d  d a i l y  w i t h  t h i s  m a t e r i a l  a f t e r  mix ing  

w i t h  w a t e r .  

The a b b o t  o f , t h - .  t e m p l e  r emed ie s  t h e  Os t eopa thy  p a t i e n t  by 

u s i n g  h e r b s  a s  med ic ine .  The remedy p r o c e s s  must  u s e  t h e  

f i r ewood  f o r  p h y s i c a l  h e a t  t r e a t m e n t s .  Acco rd ing ly  t h e  

b i o g a s  produced  s u b s t i t u t e s  f o r  t h e  f i r ewood .  The b i o g a s  

o p e r a t e s  LO s t o v e s  f o r  t h e  remedy p r o c e s s ,  one r i c e  c o o k e r  

and o n e ' l a m p .  A month ly  s a v i n g  of 3 0 0 $ ' ( 7 0 0 0  b a h t )  i n  

f i r ewood  c o s t  was a c h i e v e d .  The c o s t  o f  d i g e s t e r  i s  100,OO 

b a h t  (1 U.S. $ = 23 b a h t )  . 

The e f f l u e n t  i s  p a r t i a l l y  r e c y c l e d .  I t  i s  t h e n  d ryed  f o r  

u t i l i z a t i o n  a s  f e r t i l i z e ; - .  

The bad d e s i g n  o f  t h e  o u t l e t  ( F i g . 1 )  a f f e c t s  v e r y  much t h e  

g a s  s t o r a g e . c a p a c i t y  o f  t h e  d i g e s t e r .  The , ga s  p r e s s u r e  i s  

n o t  s t a b l e .  Thus it g o e s  u p  v e r y  q u i c k l y  when s t o r i n g  of 

t h e  g a s  l i b e r a t e d  and a l s o  g o e s  down v e r y  q u i c k l y  when .? 

o p e r a t i n g  t h e  g a s  u s e  d e v i c e s .  The g a s  p r e s s u r e  i s  i n c r e a s e d  

by pumping e f f l u e n t  s l u ' r r y  from t h e  s t o r a g e  t a n k  a b o u t  20m 

f a r  f rom d i g e s t e r .  

Thursday 5 May 1983;  

.At 9.00 A.M. t h e  p r e p a r e d  r e p o r t s  o f  thc t h r e e  g r o u p s  were  

d i s c u s s e d  i n  g e n e r a l  m e e t i n g .  The workshop r e c o g n i s e d  t h e  

i m p o r t a n c e  of minimum number o f  f e a s i b l e  and e s s e n t i a i  





measurements f o r  d i g e s t e r s  i n  r u r a l  a r e a s  t o  be c a r r i e d  by 

t h e  f i e l d  workers ,  I was asked t o  p repa re  t h e s e  s imple  

d a t a  . to  be c o l l e c t e d  by t h e  f a rmers  and s u g g e s t i o n  of t h e  

s imple  & approximate methods of e v a l u a t i o n ,  based on our  

e x p e r i e n c e  i n  t h e  f i e l d .  

Accordingly a  sma l l  r e p o r t  i n c l u d i n g  t h e  main pa ramete r s  and 

s u g g e s t i o n  f o r  methads of e v a l u a t i o n  i n  r u r a l  a r e a s  was p r e -  

pa red  by me and g iven  t o  t h e  workshop f o r  d i s c u s s i o n .  The 

d a t a  r e q u i r e d  i n c l u d e :  ' Eva lua t ion  of amount and c o n c e n t r a t i o n -  

of  d a i l y  f e e d ,  PHI t e m p e r a t u r e  of d i g e s t e r  c o n t e n t s ,  and 

g a s  p roduc t ion  r a t e  f o r  d i f f e r e n t  t y p e s .  A s imple  t a b l e  was 

a l s o  i n c l u d e d  f o r  d a t a  r s p o r t i n g .  The sugges ted  pa ramete r s  

and methods were accep ted  by most of t h e  workshop p a r t i c i p a n t s ,  

and it was agreed  t o  i n c l u d e  t h i s  p a r t  i n  group two r e p o r t  

d e a l i n g  w i t h  a n a l y t i c a l  methods and m o n i t o d n g  of d i g e s t e r s .  

A t  1 . 0 0  P.M. t h e  t h r e e  groups  cont inued f i n a l i z i n g  t h e  r e p o r t s  

and t h e  r e p o r t s  were give-n f o r  t y p i n 2  t o  o b t a i n  t h e  1st - 
d r a f t  of workshop. 

F r i d a y , '  6 May 1983; 

A t  2 . 0 0  P.M. a  c l o s i n g  meet ing  was c a r r i e d .  The r e p o r t s  of . . 
t h e  t h r e e  groups  were d i s c u s s e d .  The 1st - d r a f t  of  t h e  r e p o r t s  

i s  a v a i l a b l e .  The workshop recornended t h a t  u n i f i e d  s t a n d a r d s  

and pa ramete r s  as  c o n t a i n e d  i n  t h e  r e p o r t  be u t i l i z e d  f o r  

r e p o r t i n g  measurement r e s u l t s  on biomethanat ion sys tems pe r -  

formance a s  f a s t  a s  p o s s i b l e .  The parameters  t o  be measured 

o r  observed when e v a l u a t i n g  Biomethanation Systems have been 

d e l i n e a t e d .  The workshop recogn i sed  t h e  impor tance  of minimum 

number of f e a s i b l e  measurements f o r  d i g e s t e r s  i n  r u r a l  a r e a s ,  

and h a s  sugges ted  methods o f  approximating measurements t h a t  

can  e a s i l y  be  dcme by f i e l d  workers .  



Biogas  i n  T h a i l a n d  --- 

The climate i n  T h a i l a n d  i s  s u i t a b l e  f o r  h i g h  b i o y a s  p r o d u c t i o n  

r a t e .  However implementa t ion  s t i l l  v e r y  'Low. Huge amounts of 

biomass  (ma in ly  r i c e  straw) i s  burned  i n  f i e l d  as a d i s p o s a l  

method. On1.y u t i l ' i z a t i o n  of i n o r g a n i c  p a r t  o f  t h e  r e s i d u e s  i s  

used  a s  f e r t i l i z e r .  

The f a m i l y  s i z e  b i o g a s  p a l n t s  u sed  i n  T h a i l a n d  i s  m a i n l y  t h e  

j a r  t y p e  shown i n  Fig.2 ' .  The j a r s  are produced i n  T h a i l a n d  

ma in ly  f o r  s t o r a g e  of w a t e r  and d i f f e r e n t  g r a i n  c r o p s .  A 

number of t h e s e  j a r s  a r e  u sed  a s  d i g e s t e r  and a l l  are connec t ed  

t o  a s e p a r a t e  g a s  h o l d e r  s e a t e d  i n  w a t e r .  

S a t u r d a y ,  7 May 1 9 8 3 ;  

A t  8 .00 A.M. a  mee t ing  was c a r r i e d  w i t h  D r .  Norman L. Brown 

i n  t h e  T h a i  H o t e l .  The f i n a 1 , r e v i s i o n  o f  t h e  1st -- g r o u p  

r e p o r t  on p r o c e s s  d e s i g n - a n d  c o n s t r u c t i o n  was g i v e n  t o  him. 

A t  8 .30  A.M. I l e a v e  t h e  Tha i  H o t e l  t o  Bangkok a i r - p o r t .  

A t  10.50 I t a k e  t h e  F l i g h t  TG 620 t o  Mani laa .  

A t  2.55 P.M. I a r r i v e d  t o  M a n i l l a  a i r - p o r t .  I moved t o  

M a n i l l a  Royal  Hotel. 



C l a y  for  seal ing . 

Perforoted steel pip2 

-- 

Re inforcd concrete ~ C I S ~ ?  

Figure 2 , .  Jar digester with separate gas holder (Thailand) 



Sunday, 8 May 1983; 

I was j o i n e d  t o  a  t o u r  t o  v i s i t  Tagaytay  town n e a r  M a n i l l a  i n  

t h e  morning and s i g h t  s e e i n g  o f  M a n i l l a  town a f t e r  noon. 

Monday, 9 May 1 9 8 3 ;  

A t  8 .30  A.M. a  c o n t a c t  was done w i t h  Maya Farms company, and 

a c c o r d i n g l y  I moLed t o  ~ a c a t ~ - ~ a n i l l a  where t h e  a d r n i n s t r a t i o n  

b u i l d i n g  t o  Maya Farms i s  l o c a t e d .  A mee t ing  was h e l d  w i t h  

D r .  F e l i x  Maramba, t h e  head of t h e  f a rms .  H e  b r i e f e d  t h e  

b i o g a s  t e c h n o l o g y  a c t i v i t i e s  i n  Maya f a rms ,  and  h e  a g r e e d  

t h a t  I h a v e  a  two d a y s  v i s i t  t o  Maya fa rms  d u r i n g  t h e  p e r i o d  . 

10-11 May. A c o n t a c t  was done  by him t o  v i s i t  a  Governmental  

a n i m a l  p r o d u c t i o n  s e c t o r  ALABANG, Resea rch  D i v i s i o n ,  Bureu 

of  Animal I n d u s t r y , w h e r e  some b i o g a s  p l a n t s  a r e  c o n s t r u c t e d .  

The v i s i t  was shecdu led  a t  1 .00  P.M. 

A t  1 .00  a  mee t ing  was h e l d  w i t h  M r .  A l e j a n d r o  A.  Gudan, 

the o p e r a t i o n s  v i c e  p r e s i d e n t .  A change  o f  o p i n i o n  was c a r r i e d  

a b o u t  b i o g a s  deve lopments  i n  Maya fa rms  and N a t i o n a l  Resea rch  

C e n t r e .  He g i v e s  b r i e f i n g  o f  t h e  a c t i v i t i e s  o f  Maya f a rms .  

He ment ioned  t h a t  t h e  company h a s  a l r e a d y  e n l a r g e d  and de-  

v e l o p e d  t o  i n c l u d e  a  s i m p l e  and i n t e g r a t e d  sys t em f o r  d i f f e r e n t  

s c a l e s  which  i s  s u i t a b l e  f o r  t r a n s f e r  i n  many d e v e l o p i n g  

c o u n t r i e s  and a s  I t h i n k ,  Egypt i s  one of  t h o s e  c o u n t r i e s  of  

h igh  need  f o r  a p p l i c a t i o n  of such  models o f  deve lopment  

b e c a u s e  of t h e  many s i m i l a r i t i e s  p r e s e n t  i n  t h e s e  s i t u a t i o n s .  

Mava Farms 

Maya f a r m s  i s  t h e  a g r o - i n d u s t r i a l  d i v i s i o n  o f  l i b e r t y  f l o u r  

m i l l s ,  it s p r e a d s  o v e r  36  h e c t a r e s  i n  t h e  A n t i p o l o  h i l l s  j u s t  

o u t s i d e  Metro Manilla, P h i l i p p i n e s .  I t  i s  a f u l l y  i n t e g r a t e d  



Philippines 
_ ..-- 



l i v e s t o c k  f a r m ,  meat p r o c e s s i n g  and cann ing  e n t e r p r i c e .  The 

an ima l  p o p u l a t i o n  by t h e  end of  t h e  y e a r  1983 w i l l  r e a c h e  

40,000 p i g s ,  more t h a n  6000 ducks ,  and some c a t t l e .  The meet 

p r o c e s s i n g  p l a n t  makes ham, bacon,  ho tdogs  and o t h e r  s p e c i a l  

p r o d u c t s .  The cann ing  p l a n t  p roduces  a l i n e  of canned meat 

p r o d u c t s .  

These  o p e r a t i o n s  consume a l o t  o f  e n e r g y  and p roduce  a l a r g e  

amount o f  w a s t e s .  Maya f a rms  h a s  deve loped  a t o t a l  w a s t e  re- 

c y c l i n g  sys tem which c o n t r o l s  p o l l u t i o n  and g e n e r a t e s  a f u e l  - 
g a s  a s  w e l l  a s  o t h e r  farm i n p u t s .  The b o n e s ,  b lood  and meat 

s c r a p s  from t h e  s l a u g h t e r h o u s e  and p r o c e s s i n g  p l a n t s  a r e  

d o n v e r t e d  i n t o  f e e d  i n g r e d i e n t s .  The l a r g e  volume o f  d a i l y  

manure,  t o g e t h e r  w i t h  t h e  pen washings  and i n d u s t r i a l  was t e -  

w a t e r  are u s e d  f o r  t h e  b i o g a s  p r o d u c t i o n .  More t h a n  3500 m 3 

b i o g a s  is produced  p e r  day .  Maya f a rms  e x p e c t s  t q  have  

s u f f i c i e n t  b i o g a s  and  o t h e r  i n d i g e n o u s  e n e r g y  sour ' ces  t o  

p r o v i d e  a l l  t h e  power needed t o  run  t h e  whcle  a g r o - i n d u s t r i a l  

e n t e r p r i s e .  _ .-. 

A t  3.00 I met w i t h  M r .  C a r l o s  R.  Campos, F3.anning and Managment 

s t a f f ,  Bureau o f  a n i m a l  i n d u s t r y ,  S t a t i o n  Mesa, M a n i l l a ,  and 

h e  accompanied m e  t o  Alabang r e s e a r c h  d i v i s i o n ,  where I was 

accompanied by Miss G o s e f i n a  Marinay f rom t h e  mentioned d i v i s i o n  
t 

t o  v i s i t  three b i o g a s  u n i t s .  The f i r s t  one is a s m a l l  b i o g a s  
3 u n i t ,  volume a b o u t  3m o f  t h e  I n d i a n  t y p e .  The u n i t  i s  f e d  

manua l ly ,  and  u t i l i z e d  o n l y  a s m a l l  p a r t  o f  t h e  dung p ro -  

duced i n  t h e  n e a r b y  a n i m a l  s h e d ,  w h i l e  t h e  res t  o f  manure i s  

thrown t o  d r y  n e a r  t h e  an ima l  shed .  The g a s  produced is  

u t i l i z e d  i n  one  of t h e  n e a r b y  houses  f o r  k i t c h e n  u t i l i z a t i o n  

and a lso  f o r  one  o f f i c e  o f  t h e  r e s e a r c h  d i v i s i o n .  
t 



The second u n i t  was a  m c t t a l i c  p r e f a b r i c a t e d  u n i t ,  i'c c o n s i s t s  

of a mix ing  t a n k  f o r  t h e  manure,  a hand pump f o r  punping t h e  

s l u r r y  i n s i d e  t h e  d i g e s t e r  and  an o u t l e t  p i p e  and a p i p e  f o r  

g a s  o u t l e t .  The u n i t  was n o t  i n  o p e r a t i o n  a t  t h a t  time. 

The t h i r d  u n i t  v i s i t e d  i s  o f  Taiwanese t y p e  c o n s i s t i n g  of 
3 two p a r a l l e l  compartments ,  volume 1 4 m  , of  r e c t a n g u l a r  t y p e .  

The g a s  produced i s  c o l l e c t e d  i n  a  s h a r p  edged me ta l l i c  g a s  

h o l d e r .  The u n i t  seems t o  b e  b u i l t  d u r i n g  t h e  y e a r  1978.  

However t h e  g a s  h o l d e r  i s  a l r e a d y  co r roded  and may be  a l s o  

t h e  g a s  p i p e s  and t h u s  no gas i s  o b t a i n e d .  However work 

s t i l l  c o n t i n u i n g  on e v a l u a t i n g  t h e  e f f l u e n t  a s  a n i m a l  f e e d ,  

f i s h - p o n d  f e e d  and c h l o r e l l a  p l a n t a t i o n .  The fibrools m a t e r i a l s  

are s e p a r a t e d  from l i q u i d  s l u r r y  by d e c a n t a t i o n .  The f i b r o u s  

m a t e r i a l  i s  d r i e d ,  w h i l e  t h e  s u p e s n a t e n t  i s  u t i l i z e d  f o r  

f i s h  and c h l o r e l l a .  A wind m i l l  i s  u t i l i z e d  f o r  o p e r a t i n g  

a pump which pumps t h e  s l u r r y  w a t e r  t o  t h e  c h l o r e l l a  b a s i n  

and  f i sh -pond .  

Tuesday ,  10  May; 

A t  6.15 I met  w i t h  D r .  Maramba and M r .  Abgandro Gudan i n  

Makati,  r e g i o n  n e a r  t h e  Maya fa rms  o f f i c e .  I was accompanied 

by them t o  t h e  Maya f a rms  i n  Angona-Rizal a b o u t  40 km f a r  

f rom t h e  down town of  M a n i l l a .  We a r r i v e d  a t  t h e  company a t  

7 .00  A.M. 

I was accompanied by M r .  Eng inee r  Taganas ,  t h e  c i v i l  e n g i n e e r  

o f  t h e  f a r m s ,  in ,volved i n  d e s i g n i n g  and c o n s t r u c t i o n  of  t h e  

b i o g a s  p l a n t s .  The f a rms  h a s  c o n s t r u c t e d  a q u i t e  b i g  number 

o f  d i g e s t e r s .  The d i g e s t e r s  o p e r a t e d  on t h e  manure o f  p i g s .  
3 The volume o f  d i g e s t e r s  v a r i e s  between 5m3 and a b o u t  lOOOrn . 



The l a r g e s t  i s  o f  r e c t a n g u l a r  t y p e .  I t s  d imens ions  a r e  8 0 f t  

l e n g t h ,  4 6 f t  w i d t h ,  and 8 . 5 f t  d e p t h .  Tb? d i g e s t e r  c o n s i s t s  

o f  4 i n t e r n a l l y  s e p a r a t e  p a r a l l e l  d i g e s t e r s .  The d i g e s t e r s  

a r e  p receded  by mix ing  and c o n d i t i o n i n g  chambers f o r  t h e  f e e d .  

On t h e  o t h e r  end ,  l o c a t e d  t h e  o u t l e t s  o f  these p a r a l l e l  

digesters.  Mixing i s  c a r r i e d  manual ly .  A v e r y  l a r g e  number 

of  m i x e r s  a r e  d i s t r i b u t e d  a l l  o v e r  t h e  d i g e s t e r s  r o o f s ,  and 

mixing i s  c a r r i e d  once  d a i l y .  The e f f l u e n t  f l ows  by g r a v i t y  

t o  a  nea rby  lagoon f o r  s e t t l i n g  and a i r a t i o n .  The sed iment  

i s  d r y e d  f o r  u s i n g  a s  an ima l  f e e d  a d d i t i o n  i n  t h e  r a n g e  - 
of 10-25 3 o f  t h e  r a t i o n  (10% f o r  p i g s  and 25% f o r  d u c k s ) .  

The l i q x i d  e f f l u e n t  i s  u s e d ' e i t h e r  a s  f e r t i l i z e r  o r  f o r  

f i s h  and a l g a e  f e e d i n g .  

The d i g e s t e r  which i s  newly c o n s t r u c t e d  s u f f e r s  from a  l o t  

o f  g a s  l e a k s  ma in ly  f rom t h e  r o o f s .  Many c r a c k s  a r e  s e e n  

t o  b e  a l r e a d y  remeded w h i l e  some s t i l l  l e a k i n g  g a s ,  and one  

can h e a r  t h e  no iseof  t h e  f l o w i n g  qas and can  f e e l  it by 

t t c c h .  . _ _ -  

The g a s  produced i s  c o l l e c t e d  t h rough  t h e  many g a s  p i p e s  

d i s t r i b u t e d  a l l  o v e r  t h e  r o o f  o f  t h e  d i g e s t e r .  These 

p i p e s  are  c o l l e c t e d  i n  one  l a r g e  p i ~ e  which t r a n s p o r t  t h e  

g a s  t o  a number of  g a s  h o l d e r s  f o r  s t o r a g e .  The g a s  h o l d e r s  ., 
3 

used  a r e  o f  m e t a l l i c  t y p e  d ipped  i n  w a t e r .  The c o n s t r u c t i o n  

i s  ma in ly  l o c a t e d  above  t h e  ground f o r  e a s y  r e p a i r i n g .  

However it i s ' m o r e  c o s t l y  b u t  t h e y  c l a i m  t h a t  it i s  b e t t e r  

and  more s a f e .  The b i g  g a s  h o l d e r s  u sed  a r e  o f  a b o u t  5m 
3 h i g h t  and l O O m  volume. The g a s  p r e s s u r e  i s  a b o u t  45cm. 

Gas h o l d e r s  are c o n s t r u c t e d  f rom a 4 . 3  nun t h i c k n e s s  s tee l  

s h e e t s .  
I 



3 3 The g a s  product ion  r a t e  r anges  between 0 . 3  and 0 .8  m /m 

day f o r  t h e  co ld  and h o t  season r e s p e c t i v e l y .  

I n  Maya farms t h e r e  i s  a l o t  of b i g  d i g e s t e r s .  The t o t a l  
3 g a s  p roduc t ion  i s  about  3500  m /day. 

The produced b iogas  i s  used a s  fo l lows :  

Cooking and h e a t i n g  i n  t h e  canning p l a n t ,  c a n t e e n  and dormi to ry .  

F i r i n g  r e t o r t s  i n  t h e  r e n d e r i n g  p l a n t .  

F u e l i n g  3 i n t e r n a l  cc~nbus t ion  eng ines  pumping about  550 g,p.m 

of wa te r  f o r  about  1 5  hours  p e r  day .  

Fue l ing  two i n t e r n a l  combustion eng ines  o p e r a t i n g  a 3 7 . 5  kw 

and 60  kw g e n e r a t o r s  t o  l i g h t  t h e ' l i v e s t o c k -  pens and h e a t  

t h e  b r o o d e r s .  

F u e l i n g  i n t e r n a l  combustion e n g i n e s  o p e r a t i n g  t h e  compressors  

f o r  t h e  f r e e z e r s  i n  t h e  p r o c e s s i n g  p l a n t .  

F u e l i n g  5 i n t e r n a l  combustion e n g i n e s  t h a t  pump t h e  f r e s h  

s l u r r y  and / o r  t h e  s ludge .  

. - Fue l ing  5 eng ines  t h a t  power t h e  m i l l s .  
F u e l i n g  an eng ine  t h a t  r u n s  a  188 kw g e n e r a t o r  t o  o p e r a t e  

e lectr ic  motors  i n  t h e  meat p r o c e s s i n g  p l a n t .  
- 

Fueling 3 e n g i n e s  t h a t  run  60  kw e l e c t r i c  g e n e r a t o r  each  f o r  

t h e  d r y e r s  i n  t h e  meat p r o c e s s i n g  and canning p l a n t s *  

The was te  h e a t  from t h e  i n t e r n a l  combustion e n g i n e s  i s  used 

t o  p r e h e a t  t h e  f e e d  wa te r  f o r  t h e  steam b o i l e r ,  h e a t  t he  

s c a l d i n g  t a n k  i n  t h e  s l a u g h t e r  house and h e a t  t h e  p i l o t  

d i s t i l l i n g  p l a n t .  



Conve r s ion  o f  G a s o l i n e  Engine t o  B iogas :  

Maya f a r m s  u t i l i z e  g a s o l i n e  e n g i n e s  t o  produce e lec t r ica l  

power. They ment ioned  t h a t i t h e y  found g a s o l i n e  e n g i n e  t o  b e  

much better t o  o p e r a t e  on  b i o g a s  t h a n  d i e s e l  eng ines .  The 

~ m v e r s i o n  of e n g i n e  t o  o p e r a t e  on b i o g a s  i s  v e r y  e a s y .  

The c a r b u r a t e r  i s  removed and i n s t e a d  a  p i p e  w i t h  f l a n g e  is 

f i x e d .  A gas i n l e t  i s  connec t ed  t o  t h i s  p ipe .  The end of 

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

a i r  ra te  r e q u i r e d .  The 'amount  o f  a i r - g a s  m i x t u r e  r e q u i r e d  % 

i s  c o n t r o l l e d  by a  b u t t e r f l y  a l s o  a s  shown i n  F i g .  3 or 

a v a l v e  as shown i n  Fig.,4. 

Maya Farming Model o f  1 .2  H e k t a r e :  - 

Maya f a r m s  i s  d e m o n s t r a t i n g  an  i n t e r s t i n g  model o f  f a rming  

which  depend on  s e l f  s u f f i c i e n c y  i n  f o o d ,  f e e d  and e n e r g y .  

m e y c l a i m  t h a t  t h e  model i s  a p p l i c a b l e  f o r  p h i l l i p n e s  

c o n d i t i o n s .  The t o t a l  a r e a  owned by t h e  f a rmer  B a s i l i o  

Barba  i n  t h e  d e m o n s t r a t e d  model i s  1.2  h e k t a r e .  Of t h i s  

area, o n e  h e k t a r e  i s  used  a s  c r o p l a n d  and t h e  remain ing  

2 0 0 0  s q u a r e  meters u t i l i z e d  f o r  t h e  farm house,  t h e  hog 

house ,  c a t t l e  s h e d , '  t h e  b i o g a s  p l a n t ,  a  200m2 f i s h p o n d  

y a r d ,  and  pa thways .  The f a r m e r  h a s  a w i f e  and f i v e  

c h i l d r e n s .  The i n f r a s t r u c t u r e s  of t h e  f a rm are: 

P i g g e r y  o p e r a t i o n s :  The farmer s h o u l d  t a k e  c a r e  o f  4 saw 

u n i t s ,  and a l l  o f  i t s  o f f s p r i n g s  u n t i l  

m a r k e t a b l e  a g e  o f  7 t o  8 months o l d .  

During my v i s i t  t h e  t o t a l  number o f  p i g s  

was more t h a n  50 u n i t s  i n c l u d i n g  t h e  

small ones .  The money o b t a i n e d  f rom 

s e l l i n g  o f  p i g s  i s  s u f f i c i e n t  f o r  o t h e r  

f a m i l y  needs .  



F i g .  3 Modi f i ca t ion  o f  g a s o l i n e  eng ine  

t o  o p e r a t e  on b i o g a s .  

Fi* 4 M o d i f i c a t i ~ n  o f  g a s o l i n e  e n g i n e  

t o  o p e r a t e  on porducer  g a s  o r  

b iogas .  



Animals : 

P o u l t r y :  

F i s h p d  : : 

Wtiva-. : 

The fa rmer  h a s  t h r e e  cows. They a r e  f e d  from t h e  l and  

p roduc t s .  The female  produces mi lk ,  w h i l e  t h e  male 

s e r v e s  as  work animal .  

The fami ly  mainta ined  a  complement of ducks  and chicken 

o u t  of which t h e y  s o l d  o r  u s e  some f o r  t h e i r  con- 

sumption. The p o u l t r y  s u b s i s t  on pen washing p r e c i -  

p i t a t e s  and f e e d  sweepings. 

A 200 s q u a r e  me te r s  t i l a p i a  f ish-pond i s  used .  He t- 
f e r t i l i z e s  it wi th  some s ludge  coming from h i s  b iogas  

d i g e s t e r .  The f i s h  f e e d  on t h e  a l g a e  and p lank ton  
'. 

whose growth i s  enhanced by t h e  s ludge .  H i s  S i l a p i a  

h a r v e s t  supplements  t h e  f a m i l y ' s  food f a r e .  

The farmer  grows two c r o p s  of co rn  and one  c r o p  of  

ted land ' r ice  p e r  y e a r  and 1000 sq.m of g i a n t  i p i l i p i l  and 

some f r u i t s  (banana)  on t h e  b a t h  ways and l and  

b o r d e r s .  T h e r e - i s  s u f f i c i e n t  corn  and r i c e  bran  

t o  f e e d  t h e  p i g s .  The c a t t l e  f e e d  on c r o p - r e s i d u e s ,  

weeds and i p i l i p i l  l e a v e s .  The r i c e  i s  s u f f i c i e n t  

f o r  f a m i l y  needs .  The s o l i d  s l u d g e  from b iogas  ' 

d i g e s t e r  c o n s t i t u t e s  1 0 %  of t h e  hog f e e d  and 25% 

o f  t h e  duck f e e d .  i ; .  

The c u l t i v a t i o n  of l and  depends o n l y  on t h e  l a b o u r  

power o f  t h e  f ami ly .  Accordingly t h e  l a n d  of  co rn  

c r o p  is  devided i n  many p a r t s .  Each p a r t  i s  c u l t i -  

v a t e d  d u r i n g  one  week, and n o t  a t  t h e  same t i m e .  

F ig .  (5 )  shows t h e  d i f f e r e n t  p a r t i t i o n s  of c o r n  

c u l t i v a t e d  a t  d i f f e r e n t  times. F ig .  6 shows t h e  
o t ~ e r  s i d e  of farm l o c a t e d  n e a r  t h e  f a r m e r ' s  house, 

w k i e  a  l o t  of  f r u i t  t r e e s  a r e  c u l t i v a t e d .  



Biogas p l a n t :  

The b iogas  p l a n t  constructed. i n  t h i s  p i l o t  p r o j e c t  u s e s  t h e  

.Maya farms d e s i g n  (F ig  7&8). It i s  r e c t a n g u l a r  i n  shape ,  6 

f e e t  wide, 1 2  f e e t  long ,  and 5  f e e t  deep ,  wi th  2 chambers f o r  

t h e  d i g e s t e r  and t h e  g a s  h o l d e r  i s  i n t e g r a t e 6  over  t h e  second 

chamber. The p l a n t  i s  charged d a i l y  w i t h  t h e  f r e s h  manure .. 

o u t p u t  of t h e  hogs and cows. I t  h a s  a  d a i l y  b iogas  pro-  

d u c t i o n  of abou t  5m3, which i s  more t h a n  enough t o  supp ly  

t h e  f a m i l y ' s  r equ i rement s  f o r  cooking,  i r o n i n g ,  l i g h t i n g  u s i n g  

mant le  lamps, and f u e l  f o r  an 8-cubic f e e t  gas  r e f r i g e r a t o r .  

The e f f l u e n t  from d i g e s t e r  i s  p a r t i a l l y  f i l t e r e d  t o  o b t a i n  

t h e  c o n c e n t r a t e d  s ludge ,  which is  used  f o r  p i g s  and ducks 

f e e d i n g .  'The  f i l t r a t i o n  p r o c e s s  is  v e r y  s imple ,  as s t r a w  

i s  used a s  t h e  f i l t e r ing ' - -med ia  as i l l u s t r a t e d  i n  F ig .  9, 

The l i q u i d  s l u d g e  is used t o  f e r t i l i z e  t h e  c rop land  of one 

h e k t a r c  and t h e  f ish-pond.  The fa rmer  d i d  n o t  u s e  any chemical  

f e r t i l i z e r  f o r  h i s  c ropp ing  o p e r a t i o n s  f o r  rice and c o r n .  

P i g .  1 0  shows t h e  a e r o b i c  cornposting of a g r i c u l t u r a l  r e s i d u e s  

t o  o b t a i n  a d d i t i o n a l  o r g a n i c  manure. The r e s i d u e s  a r e  

mixed w i t h ' d i g e s t e r  e f f l u e n t .  I t  i s  mixed every  two weaks 

f o r  about  t h r e e  months. The i n t e g r a t e d  c r o p - l i v e s t o c k - f i s h  

farm would b e  a s u b s i s t e n c e  farm. I t  was found t h a t  w i t h  

t h e  i n t e g r a t z d  system of farming,  a farm fami ly  would be a b l e  

t o  a f f o r d  a  comfor table  s t a n d a r d  of l i v i n g  on such a s m a l l  

a r e a .  



Fig. 5 C o r n  crops of d i f f e r e n t  ages at 

farm m o d e l .  

Fig. 6 1 . 2  h e k t a r e  farm m o d e l .  



Flexible hosen 

Mixing device, 

Covered manhole. 
TpJ 

Figure 7 Two-chamber rectangular digester with 
floating gas holder (Philippines) 



- 
Fig.  8 Biogas plant at 1.2 h farm model 

Fig. 9 Digester outlet and filtration of 

e f f l u e n t .  



Fig. 10 Composting of agricultural residues 



Coconut I -  Fuel ,  Maya Farms Model: 

Maya farms has developed a  simple technology f o r  small  

self-powered coconut o i l  e x t r a c t i o n  m i l l  with a  capac i ty  

of 20  kg of o i l  pe r  hour. The m i l l  c an  be used a s  one of 

t h e  farm ope ra t i ons .  The m i l l  (F ig .11)  c o n s i s t s  o f :  

A charcoa l  k i l n  (F ig .  1 2 )  

A charcoa l  gas  producer (F ig .  13) 

A g a s o l i n e  engine converted t o  use producer gas  a s  f u e l  - 
4 coconut meat g r a t e r s  

Grated coconut d r i e r s  

A 20 kg o i l  c apac i ty  e x p e l l e r  

An o i l  f i l t e r i n g  system 

1.2  kw e l e c t r i c  gene ra to r .  

The coconut  s h e l l  i s  made i n t o  charcoa l  f o r  use  a s  f u e l  f o r  

t h e  gas  producer. The gaso l ine  _ __-- engine converted t o  use  pro- 

ducer ga s  supp l i e s  t h e  power t o  ope ra t e  t h e  e x p e l l e r ,  g r a t e r s  

a n d ' l e l e c t r i c  genera tor .  The meat i n  t h e  halved coconut i s  

g ra t ed  and d r i e d  i n  t h e  d r y e r s  heated by t h e  exhaust  ga s  of 

t h e  engine .  The e l e c t r i c  genera tor  l i g h t s  t h e  bu i ld ing  when 

t h e  m i l l  o p e r a t e s  i n  two s h i f t s .  The coconut meal i s  used a s  

animal feed .  The f i l t e r e d  coconut o i l  is  used a l s o  a s  f u e l  - 
f o r  ga so l ine  engine c a r s .  

Wednesday, 11 May; 

A t  6.10 A.M. I moved by t a x i  t o  another  reg ion  i n  Manilla i n  

o rde r  t o  meat M r .  Egnr. C.  Taganas f o r  accompanying him t o  

Maya farms.  \However, I could no t  met him, May be he l e f t  be fore  

my a r r i v a l  or  I .was  no t  brought t o  t h e  r i g h t  p lace .  I t r y  t o  





Fig. 1 2  Charcoal Kiln 

Fig. 13 Charcoal gas producer 



go t o  t h e  Maya farms a l u n c  by gcncr i l l  t r a n s p o r t  b u t  I d i d  not; 

succeed .  

A t  9.00 A.M. I t r y  t o  c o n t a c t  P r o f .  Romeo A l i k p u s a n  f rom t h e  

N a t i o n a l  I n s t i t u t e  o f  s c i e n c e  and Technology.  I t  was v e r y  

d i f f i c u l t  t o  have  a c o n t a c t .  

A t  10 .00  A.M. a f t e r  many t r i a l s  I t a l k  w i t h  D r .  R .  A l ikpusan  

and I a s k e d  him t o  g i v e  me t h e  chance  t o  v i s i t  t h e  I n s t i t u t e  

and be a q u a i n t e d  w i t h  t h e  ach i evmen t s  i n  b i o g a s  t e c h n o l o g y .  

H e  welcomed and a d v i c e d  m e  t o  w a i t  i n  my room a t  Manilla Hotel 

a s s a n e  body w i l l  t a k z  m e  f rom t h e  h o t e l  a t  a b o u t  11 .00  A.M. 

However, no  body comes. A t  12 .30  I c a l l  t h e  i n s t i t u t e ,  

e n q u i r i n g  a b o u t  t h e  a b s c e n c e  o f  t h e  accompanying man. The 

s e c r e t a r y  t o i d  me t h a t  h e  a l r e a d y  moved and i s  i n  way. A t  

3 .00  P.M. I c a l l  D r .  R.Alikpusan e n q u i r i n g ,  h e  t o l d  m e  t h a t  

t h e  man shou ld  be  a t  11 A . M . ,  and promised m e  t o  know what 

happens.  

A t  4.00 P.M. D r .  S i l v e s t r e  V.  J a v i e q N a t i o n a l  I n s t i t u t e  o f  

S c i e n c e  and Technology 4 u t h o r i t y , M a n i l l a . ,  came t o  t h e  h o t e l .  

H e  accompanied m e  t o  t h e  N a t i o n a l  I n s t i t u t e  o f  S c i e n c e  and  

Technology.  A q u i c k  v i s i t  was done t o  t h e  l a b o r a t o r y  engaged 

i n  b i o g a s  t echno logy .  A s m a l l  p i l o t  u n i t  o f  a b o u t  20  l i t e rs  

volume i s  o p e r a t i n g  i n  t h e  l a b o r a t o r y .  The p i l o t  u n i t  is 

of t h e  I n d i a n  f l o a t i n g  g a s  h o l d e r  t y p e  ( F i g .  1 4 ) .  Some g a s  

' u s e  d e v i c e s  are p r e s e n t  f o r  d e m o n s t r a t i o n .   h here i s  a 

program i n  t h e  I n s t i t u t e  f o r  u t i l i z a t i o n  and p romot ion  of  

non-convent.iona1 s o u r c e s  o f  e n e r g y  i n  r u r a l  and urban  a r e a s .  

Through t h e  promotion and i n t r o d u c t i o n  of  non -conven t iona l  



aourcou of aneryy such as b i o y a s  diycslcrs, gauL'ieru, a l c o h o l  

p r o d u c t i o n , , s o l a r  d r y e r s ,  t h e  program aims t o  widen i t s  

u t i l i z a t i o n  i n  t h e  urban a a  w e l l  as i n  t h e  r u r a l  a r e n a .  

Some d f g e t . t e r s  l o c a t e d  nearby t o  t h e  I n s t i t u t e  was v i s i t e d .  

Theae d i g e s t e r s  a r e  of d i f f e r e n t  t y p e s .  Ind ian  t y p e  d i g e a t e r  

w i t h  f l o a t i n g  g a s  h o l d e r  was c o n s t r u c t e d .  The d i g e s t e r  i s  

c o n s t r u c t e d  from round p r e f a b r i c a t e d  c o n c r e t e  segments.  Two 

w a l l s  a r e  c o n s t r u c t e d .  The g a s  h o l d e r  i s  l o c a t e d  i n  t h e  

a n n u l a r  space .  The g a s ' h o l d e r  i s  water  s e a l e d .  A l a r g e  

Chinese  t y p e  d i g e s t e r  was a l s o  v i s i t e d .  I n  t h e  c o n s t r u c t i o n  

of t h e  d i g e s t e r ,  t h e  main d e s i g n  parameters  a r e  n o t  t aken  i n  

c o n s i d e r a t i o n ,  s o  t h e  d i g e s t e r  i s  n o t  o p e r a t i n g  due t o  t h e  

g a s  and l i q u i d  l e a k  (Fig .  1 5 ) .  



F i g .  1 4  S m a l l  b i o g a s  mode l  ( P h i l i p p i n e s )  

. -- 

F i g .  1 5  C h i n e s e  t y p e  d i g e s t e r  ( P h i l i p p e n e s )  



~ h u r s d a ~ ,  1 2  May 1983; 

A t  9.30 A.M. I l eave  Manilla Royal Hotel t o  Manilla I n t e r n a t i o n a l  
a i r  )art. A t  12.20 I take  t h e  Korean F l i g h t  No. 622 t o  Seoul.  

A t .  5 .00 P.M. I a r r i v e d  t o  Kimpo I n t e r n a t i o n a l  a i r  p o r t  of 
Seoul.  

A t  6 .00  P.M., i n  t h e  a i r  p o r t  I was recieved by  M r .  Lee K . 0  

from t h e  Korea Science and Engineering Foundation (KOSEF). 

He accompanied ~2 t o  Samjung Hotel i n  Seoul.  

F r iday ,  1 3  May 

A t .  8 .00 A.M. I was accompanied by M r .  Moon from KOSEF t o  t h e  

ra i lway s t a t i o n  of Seoul.  

t a k e  t h e  t r a i n  t o  - .- Taej eon. 

A t  10.50 A.M. I a r r i v e d  t o  Taejeon town. A t  t h e  ra i lway  s t a t i o n  

I was rec ieved  by D r .  Hong C . J . ,  t h e  Di rec tor  of Department 

of  Biomass, Korea I n s t i t u t e  of Energy and Resources. He 

accompanied me t o  t h e  I n s t i t u t e  loca ted  some what near  t o  

t h e  Taejeon Town. A change of opinion about t h e  Biogas 

Technology i n  Egypt and Korea was c a r r i e d .  The cold  c l i m a t e  

i n  Korea make t h e  Chinese type  and Indian type technolog ies  

no t  s u i t a b l e  f o r  Korea. A s  t h e  gas  l i b e r a t i o n  stopped t o t a l y  

dur ing  t h e  co ld  season.  For t h i s  reason t h e  I n s t i t u t e  has  

developed a r e in fo rced  f i b e r  g l a s s - p l a s t i c  d i g e s t e r  ( R . F . P )  . 
The .d iges t e r  i s  manufactured from P . V . C  r e in fo rced  wi th  

f i b e r  g l a s s . .  Diges te r  wa l l s  t h i cknes s  i s  about 7 mm. The 

lower s i d e s  and t h e  base of t h e  d i g e s t e r  i s  i n s u l a t e d ,  whi le  

t h e  higher  s i d e s  and roo f s  a r e  covered w i t h  a  mixture of c rop  



r e s i d u e ,  dung and d i g e s t e r  e f f l u e n t  f o r  compost ing.  The 

e x o t h e r m i c  h e a t  of compos t ing  is  u t i l i z e d  f o r  m a i n t a i n i n g  

t h e  s l u r r y  t e m p e r a t u r e  n e a r e r  t o  t h e  optimum, s p e c i a l l y  

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

may b e  lower  t h a n  -lO°C. The t e m p e r a t u r e  i s  measured and 

r e c o r d e d  i n  d i f f e r e n t  l o c a t i o n s  i n  b o t h  t h e  s l ~ , a n d  

composted m a t e r i a l .  The t e m p e r a t u r e  of  t h e  s l u r r y  d u r i n g  
3 3 May was a b o u t  3L°C. The g a s  p r o d u c t i o n  r a t e  i s  a b o u t  0.4m /m 

d a y .  Two u n i t s  a r e  c o n s t r u c t e d  and s t i l l  unde'r i n v e s t i g a t i o n .  
3 One d i g e s t e r  i s  of  10 m3 w h i l e  t n e  o t h e r  i s  o f  2 . 5  rn volume 

( F i g  16 -19 ) .  The g a s  o b t a i n e d  i s  u t i l i z e d  f o r  d e m o n s t r a t i o n  

o f  some g a s  u s e  d e v i c e s .  T h i s  i n c l u d e :  a  s t o v e ,  a g a s  lamp, 

and  a n  e l e c t r i c a l  g e n e r a t o r .  The e n g i n e  u sed  is  g a s o l i n e  

e n g i n e  t y p e  and i s  m o d i f i e d  i n  such  a  way t h a t  it can  

o p e r a t e  e i t h e r  on g a s o l i n e  o r  b i o g a s  w i t h o u t  d i f f i c u l t i e s  

g 2 0 .  The m o d i f i c a t i o n  i a  v e r y  s i m p l e ,  It  i n c l u d e s  

i n s e r t i o n  of  g a s  f e e d e r  p i p e  i n  t h e  a i r  stream b e f o r e  c a r b -  

urator. T h i s  a s s i s t s  o p e r a t i o n  o f  t h e  e n g i n e  on b o t h  g a s o l i n e  

and b i o g a s .  I n  o t h e r  p l a c e s  t h e  c a r b u r a t o r  i s  t o t a l y  re- 

moved and  i n s t e a d  a  s m a l l  mix ing  chamber i s  f i x e d  w i t h  t h e  

r e q u i r e d  a i r  and g a s  i n l e t s .  The g a s  ra te  i s  c o n t r o l l e d  by 

a  v a l v e  w h i l e  t h e  a i r  amount i s  c o n t r o l l e d  by u s i n g  a  b u t t e r  

f l y  sys tem l i k e  t h a t  u sed  i n  t h e  e n g i n e s  c a r b u r a t e r .  A 

p u b l i s h e d  book and some p u b l i s h e d  p a p e r s  were o b t a i n e d  a b o u t  

t h e  pe r fo rmance  o f  t h e  u n i t s ,  which i n d i c a t e s  t h e  h i g h  

s u c c e s s  o f  t h e  recommended d e s i g n .  However, t h e  cos t  o f  

d i g e s t e r  is  s t i l l  h i g h  and r e a c h e s  a b o u t  3000$ f o r  t h e  10  m 3 

u n i t .  

A q u i c k  v i s i t  was done f o r  t h e  o t h e r  b r a n c h e s  of  t h e  i n s t i t u t e .  

A d i f f e r e n t  p a s s i v e  s o l a r  h e a t e d  h o u s e s  and  a l s o  act ive sys tems  

u s i n g  p a n e l s  . a r e  c o n s t r u c t e d  and s t i l l  u n d e r  e v a l u a t i o n .  A 

r e s e a r c h  work i s  c a r r i e d  on ene rgy  c o n s e r v a t i o n  i n  houses  



Fig. 16 Eleva t ion  of F.R.P. d i g e s t e r  (Korea) 

d i g e s t e r  volume a :  10m 
3 

b: 2 .5  m 3 



Fig. 17 Plan of F . R . P .  digesters (Korea) 

a: 10 m 3 



Korea 





F i g .  19  F . R . P .  d i g e s t e r  and d e m o n s t r a t i o n  s i t e  

(Korea)  

F i g .  20  G a s o l i n e  - b i o g a s  e n g i n e  (Korea). 



h e a t i n g .  Hybrid sys t ems  a r c  a l s o  u s e d .  

A t  3 . 3 0  P.M. a  mee t ing  was c a r r i e d  w i t h  D r .  Park Won-Hoon t h e  

v i c e  p r e s i d e n t  o f  e n e r g y  of t h e  Korea I n s t i t u t e  of Energy and 

Resou rces .  A change of o p i n i o n  a b o u t  t h e  n e e d s ,  r e s e a r c h  and 

deve lopments  c o n c e r n i n g  b i o g a s  t e c h n o l o g y  and renewable  ene rgy  

s o u r c e s  i n  Korea and Egypt was c a r r i e d .  

A 3 . 5 0  P.M. a s i g h t  s e e i i ~ g  o f  t h e  Tae jeon  town was c a r r i e d ,  

and I was accompanied by D r .  Hong C . J .  

A t  4.59 P.M. I l e a v e  Tae jeon  by t r a i n  t o  a r r i v e  a t  S e o u l  a t  

6 . 5 0  P.M. ,  where 1 was r e c i e v e d  by Mr. Lee,  who accompanied 

me t o  t h e  h o t e l .  

S a t u r d a y ,  1 4  May; 

A t  9.45 I met w i t h  M r .  Lee K.0 and  he accompanies  me t o  Korea 
.-- 

S c i e n c e  and E n g i n e e r i n g  Founda t ion  (KOSEF), where a  m e e t i n g  

was c a r r i e d  w i t h  t h e  KOSEF v i c e  p r e s i d e n t .  H e  c l a r i f i e d  

t h e  job o f  t h e  o r g a n i s a t i o n .  The main j o b  i s  t o  f a s t e r  s c i e n c e  

apd  e n g i n e e r i n g  r e s e a r c h  c a p a b i l i t i e s ,  t o  promote s c i e n c e  and 

e n g i n e e r i n g  e d u c a t i o n ,  and t o  enhance I n t e r n a t i o n a l  c o o p e r a t i o n .  

The KOSEF o r g a n i s a t i o n  was s t a r t e d  i n  1 9 7 7 ,  and s i n c e  t h a t  

t i m e  it h a s  c a r r i e d  o u t  a  v a r i e t y  o f  programs c o n c e r n i n g :  

1. Suppor t  f o r  r e s e a r c h ,  t h i s  i n c l u d e s :  g e n e r a l  g r a n t s  and 

s e e d i n g  fund  g r a n t s  f o r  r e s e a r c h .  

2 .  Resea rch  f e l l o w s h i p ,  t h i s  i n c l u d e s :  Gradua t e  F e l l o w s h i p ,  

Overseas  $ P r e - d o c t o r a l  f e l l o w s h i p s ,  P o s t  d o c t o r a l ,  T e c h n i c a l  

t r a i n i n g  programs .  



3 .  B i l a t e r a l  programs w i t h  f o r e i g n  Academic I n s t i t u t i o n s ,  

t h i s  i n c l u d e s :  c o o p e r a t i v e  r e s e a r c h ,  j o i n t  s e m i n a r s ,  

workshops and exchange  of  s c i e n t i s t s .  

Sunday, 1 5  May; 

A s i g h t  s e e i n g  of Seou l  town was c a r r i e d .  

Monday, 1 6  May; 

A t  9.40 I m e t  w i t h  M r .  Lee a t  h o t e l .  We accompanied m e  t o  

Suwon town. 

A t  10 .30  A.M. w e  a r r i v e d  t o  Ajou U n i v e r s i t y  n e a r  t o  Suwon town. 

T h e r e  I m e t  w i t h  D r .  Young I .  Mok, p r o f .  Dean a t  t h e  f a c u l t y  

of  E n g i n e e r i n g ,  Ajou U n i v e r s i t y .  He i s  m a i n l y  engaged i n  

Biomass p r o j e c t s  c o n c e r n i n g  p r o d u c t i o n  of a l c o h o l  from 

c e l l u l o s i c  m a t e r i a l s .  A c h a n a e  of o p i n i o n  was c a r r i e d  a b o u t  

t h e  a c t i v i t i e s  i n  t h e  E i e l d  i n  b o t h  Egypt and Korea.  

A t  11 .30  A.M. I was accompanied by t h e  head o f  chemica l  

e n g i n e e r i n g  d e p a r t m e n t  t o  v i s i t  t h e  l a b o r a t o r i e s  of t h e  

d e p a r t m e n t .  

A t  1.30 P.M. a  v i s i t  was c a r r i e d  t o  t h e  o f f i c e  of r u r a l  

deve lopmen t ,  I n s t i t u t e  of A g r i c u l t u r a l  S c i e n c e s .  I was 

accompanied by D r .  Y.I.Moh from Ajou U n i v e r s i t y  and M r .  

K.O.Lee (KOSEF). I m e t  w i t h  Dr. .Dong Loo K i m ,  t h e  d i r e c t o r  

o f  r e s e a r c h  b u r e a u ,  o f f i c e  of  r u r a l  d e p a r t m e n t .  A change  

of o p i n i o n  was c a r r i e d  a b o u t  t h e  s i m i l a r  o r g a n i s a t i o n s  i n  

Egypt  a n d  Korea.  D r .  K i m  D.L. c l a r i f i e s  t h e  r o l e  o f  t h e  

o r g a n i s a t i o n  i n  r u r a l  deve lopment .  There  a r e  many b r a n c h  



o f f i c e s  d i s t r b u t e d  a l l o v e r  t h e  c o u n t r y .  Thus i n  e v e r y  r e g i o n  

t h e r e  i s  o n e  o f f i c e .  T h i s  a s s i s t s  t h e  s p r e a d i n g . a n d  imple-  

m e n t a t i o n  of  new deve lopments .  Thus t h e  deve loped  h igh -  

y i e l d  rice. ( T o n g i l )  w i t h  i t s  c u l t i v a t i o n  t e c h n i q u e s  was demon- 

s t r a t e d  i n  1970 and used  i n  a l l  t h e  c o u n t r y  d u r i n g  a s h o r t  

p e r i o d  depend ing  on these o f f i c e s .  Due t o  t h e  l a c k  of c u l t i v a t e d  

l a n d  and  c o l d  wea the r  a  t remendous  r e s e a r c h  i s  go ing  on i n o r d e r  
. , 

t o  i n c r e a s e  l a n d  p r o d u c t i v i t y .  And t h i s  can be  n o t i c e d  from 

t h e  d e n s e  a g r i c u l t u r a l  methods used and t h e  g r e e n  houses  

which a r e  n o t i c e d  f o r  r i c e ,  c o r n ,  v e g e t a b l e s q ,  f r u i t s  and a l s o  

trees.  

Dur ing  c o l d  s e a s o n ,  t h e  f a r m e r s  a r e  f r e e  and a  t empora ry  

s c h o o l s  open f o r  u p d a t i n g  t h e  knowledge of t h e  f a r m e r s ,  and 

a l m o s t  a l l  f a r m e r s  t r y  t o  a t t e n d  t h e s e  s e m i n a r s ,  b e c a u s e  t h e y  

f e e l  t h a t  s e m i n a r s  a r e  h e l p f u l  and v a l u a b l e  f o r  them.  

The r u r a l  deve lopment  o f f i c e  d e a l s  w i t h  r e s e a r c h  i n  a l l  

o b l a s t s  r e l a t i n g  t o  t h e - f i e l d ,  t h e s e  i n c l u d e :  

Improvement o f  r ice  v a r i e t i e s  and c u l t i v a t i o n  methods .  

Improvement o f  b a r e l y  and whea t .  

Improvement o f  o i l  c r o p s ,  v e g e t a b l e s  and f r u i t s .  

Improvement o f  l i v e s t o c k .  

Farm m e c h a n i z a t i o n  and managment. 

T e c h n i c a l  s e r v i c e  of  r u r a l  a r e a s  i n  d i f f e r e n t  f i e l d s .  

2 .00  a  m e e t i n g  was c a r r i e d  w i t h  D r .  Chon-Suh P a r k .  The 

head o f  d e p a r t m e n t  o f  c h e m i s t r y ,  I n s t i t u t e  cf A g r i c u l t u r a l  



S c i e n c e ,  o f f i c e  of r u r a l ,  development, A change of o p i n i o n  

a b o u t  r e n e w a b l e  ene rgy  sources i n  Egypt and Korea,  s p e c i a l l y  

Biomass was c a r r i e d .  

A t  2.15 P.M. a meet ing  was c a r r i e d  w j t h  Dr. Y.D.Park, The 

head o f  a g r i c u l t u r a l  c h e m i s t r y  D i v . ,  I n s t i t u t e  o f  A g r i c u l t u r a l .  

S c i e n c e s ,  o f f f i c e  of  r u r a l  deve lopment .  A change o f  o p i n i o n  

a b o u t  Biogas  Technology i n  b o t h  Egypt  and Korea was c a r r i e d .  

Me is  engaged i n  B iogas  Technology deve lopment .  

D r .  Pa rk  Y . D .  d e c l a r e d  t h a t  t h e  o f f i c e  o f  R u r a l  Development 

t h r o u g h  i t s  r u r a l  g u i d a n c e  bu reau  d i s s e m i n a t e d  a b o u t  29,000 

f a m i l y  s i z e  b i o g a s  u n i t s  d u r i n g  t h e  p e r i o d  1969-1975, i n o r d e r .  

t o  p r o v i d e  cooking  f u e l  f o r  f a r m e r s .  The b i o g a s  t e c h n o l o g y  

was a c c e p t e d  by t h e  f a r m e r s  a t  t h a t  t i m e .  Now, however,  most  

o f  t h e  u n i t s  ( i f  n o t  a l l )  are no l o n g e r  i n  o p e r a t i o n .  The 

r e a s o n s  a r e  many: 

The t e m p e r a t u r e  d e c r e a s e d  d u r i n g  t h e  c o l d  s ea son  t o  t h e  

d e g r e e  t h a t  g a s  p r o d u c t i o n  c e a s e d ,  and t h i s  can  c o n t i n u e  

for a b o u t  3 - 4  months ,  d u r i n g  t h e  p e r i o d  of  h i g h  f u e l  

demand. The g a s  p r o d u c t i o n  r a t e  d u r i n g  t h e  rest o f  yea,: 

was n o t  h i g h .  

The g a s  h o l d e r s  manufac tu red  from P . V . C  d i d  n o t  resist 

t h e  changes  i n  t e m p e r a t u r e s  and  many o f  them were damaged" 

a f t e r  a  s h o r t  p e r i o d .  

The h i g h  c o s t  o f  b i o g a s  compared w i t h  o t h e r  s u b s t i t u t e  

o f  c o n v e n t i o n a l  f u e l s .  

The i n c r e a s e  i n  s t a n d e r e d  o f  l i v i n g ,  and a c c o r d i n g l y  no 

one is  r e a d y  t o  t a k e  p a r t  i n  a  d i r t y  p r o c e s s ,  and  t h e  

f e e d i n g  o f  d i g e s t e r s  were s t o p p e d .  



Accord ing ly  a r a s u a r c h  ;ind clcvclopr~~cr~t:  arc! rjoin!j 011 i n  L h i a  

Institute: 

1. Development of a b a t c h  dlgcster miitabla fo r  f e m k a t i o n  or' agricultur,;~ 

r e s i d u e s .  T h i s  i s  s i m i l a r  t o  what ext!r:t t o  t h e  d r y  

f r e m e n t o r a  deve1.oped i n i t i a l l y  i n  F r a n c e  and is now u t i l i z e d  

i n  mod i f i ed  forms i r ,  many c o u n t r i e s  a l l o v e r  t h e  wor ld .  

The d i g e s t e r  i s  a  r e c t a n g u l a r  b r i c k  dnd c o n c r e t e  b u i l d i n g  

( F i g .  2 1 ) .  The d i g e s t e r  i s  b u i l t  mos t ly  : nde r  g round .  

The g a s  h o l d e r  i s  c o n s t r u c t e d  from f l e x i j l e  t r e a t e d  P . V . C .  

The main advan tage  of  t h i s  t y p e  i s  t h e  law c o s t , a n d  

u t i l i z a t i o n  of a g r i c u l t u r a l  r e s i d u e s  mixed w i t h  manures .  

However t h e  t e m p e r a t u r e s  d e c r e a s e d  d u r i n g  w i n t e r  c o l d  

s e a s o n .  I n s u l a t i o n  of t h e  p l a n t  i s  c a r r i e d  t o  d e c r e a s e  

t h e  h e a t  loss. The p l a n t  o p e r i ~ t e s  f o r  a b o u t  4 months 

above  a f t e r  i t s  i n i t i a l  l o a d  w i t h  manure and a g r i c u l t u r a l  
3 3  r e s i d u e s .  The g a s  p r o d u c t i v i t y  is a b o u t  0 . 3  m /m 

d i g e s t e r  volume day .  I t  i s  worthy t o  ment ion  t h a t  t h e  

d i g e s t e r  t o p  i s  open"and i s  covered  w i t h  f l e x i b l e  P.V.C. 

s h e a t  s e a l e d  i n  s l u r r y .  The g a s  prod' lced i s  s t o r e d  i n  a  

P.V.C. f l e x i b l e  bag t y p e  g a s  h o l d e r .  The t o t a l  s o l i 6 s  o f  

t h e  b a t c h  f e e d  i s  10-20%-Dung i s  mixea w i t h  c r o p  r e s i d u e  

i n  t h e  r a t i o  of  1:l. The c r o p  r e s i d u e s  i s  p r e t r e a t e d  by 

m o i s t e n i n g  w i t h  w a t e r  f o r  abou t  1 - 2  weaks w i t h o u t  a d d i t i o n  

o f  any c h e m i c a l s .  A f t e r  t h i s  t r e a t m t . ~ t  i t ' s  f e d  t o  d i g e s t e r .  

2 .  Development o f  l a r g e  community b i o g a s  p l a n t  i s  c a r r i e d .  
3 A 137 m p i l o t  d i g e s t e r  ( F i g . 2 2 )  was c o n s t r u c t e d  and 

o p e r a t e d  i n  a  v i l l a g e  40 Krn f a r  from t h e  I n s t i t u t e .  Due 

t o  l a c k  of  t i m e  I was n o t  a b l e  t o  v i s i t  t h e  p l a n t ,  however 

scme p a p e r s  c o n c e r n i n g  t h e  d e s i g n  and o p e r a t i n g  p a r a m e t e r s  

are o b t a i n e d .  The d i g e s t e r  i s  d e s i g n e d  a s  c l o s e d  underground  



Fig. 21 Dry fermenter ( ~ o r e a )  



Fig. 2 2  V i l l a g e  scale biogas p l a n t  of lj7m3 vdlurne 
(Korea) 

F i g .  2 3  V i l l a g e  scale biogas plant of 100rn3 volume 

(Korea). 



c o n c r e t e  t a n k ,  6 me te r  deep ,  6m h e i g h t .  Hea t ing  and 

mix ing  s y s t e m s  a r e  i n c o r p o r a t e d .  A s s o c i a t e d  f a c i l i t i e s  

w i t h  t h e  d i g e s t e r  a r e  a  f e e d  mix ing  t a n k  f i t t e d  w i t h  a  

pump, a  g a s  h o l d e r  and a  l agoon  f o r  h o l d i n g  t h e  e f f l u e n t .  

The h e a t i n g  and mixing d e v i c e s  f i t t e d  t o  t h e  d i g e s t e r  i s  

known a s  a  b u b b l e  gun and i t s  a c t i o n  i s  t o  g e n e r a t e  an  

i n t e r m i t t e n t  g a s  bubb le  f l o w  up  t h r o u g h  t h e i n s i d e  of  a  

m i l d  s t e e l  c y l i n d e r  which i s  mounted v e r t i c a l l y  a t  t h e  c e n t r e  

o f  t h e  d i g e s t e r .  Gas r e c i r c u l a t i o n  i s  c a r r i e d  u s i n g  a  g a s  

compres so r .  The c e n t r a l  c y l i n d e r  is  d o u b l e  w a l l  and i n s i d e  

h o t  w a t e r  i s  r e c i r c u l a t e d .  The w a t e r  i s  h e a t e d  by w a t e r  

b o i l e r  u s i n g  a p a r t  of t h e  b i o g a s  produced .  

D i g e s t e r  t e m p e r a t u r e  was c o n t r o l l e d  a t  3 5 O C  a s  much a s  p o s s i b l e  

and h y d r a u l i c  r e t e n t i o n  t i m e  was a b o u t  2 1  d a y s .  Average g r o s s  
3 g a s  p r o d u c t i o n  ranged  between 219-243 m /day Biogas  y i e l d  was 

3  a b o u t  0.4 m /kg v o l a t i l e  s o l i d s .  

Gas compos i t i on  was a b o u t  58 .2% methan and 41.6% c a r b o n  d i o x i d e .  

About 32% of t h e  g a s  produced was u t i l i z e d  i n  m a i n t a i n i n g  t h e  

s l u r r y  t e m p e r a t u r e  i n  t h e  d i g e s t e r  a t  35OC. 

Another  s i m i l l a r  p l a n t  of 100 m' volume ( F i g .  23) was i n s t a l l e d  

and o p e r a t e d  u s i n g  p ig  manure a s  raw m a t e r i a l  t h e  d i g e s t e r  dome 

i s  c o n s t r u c t e d  from s tee l  t o  improve t h e  g a s  l e a k a g e  problems .  

However, t h e  c o s t  o f  p l a n t  i s  t o c  h i g h  r e a c h i n g  a b o u t  26000 US$ 

a c c o r d i n g  t o  1979 p r i ce f i .  Also it c o n t a i n s  two major  p a r t s  o f  

m e t a l i g a s  h o l d e r  and d i g e s t e r  dome which makes t h e  r a t e  o f  



deprwiat icn v e r y  h i g h ,  s o l a r  h c a t o r  was used  f o r  h e a t i n g  t h e  
3 d a i l y  f e e d  w a t e r  ( a b o u t  3.3m ) and a c c o r d i n g l y  a s a v i n g  i n  

Biogas  was a t t a i n e d .  Thus o n l y  1 6 8  (30m3) of  t h e  gas  produced 

was usad  f o r  c o n t r o l l i n g  t h e  t c m p c r a t u r e  i n  t h e  d i g e s t e r .  

Tuesday ,  1 7  May 1983;  

A t  9 .10 I met w i t h  M r .  Lee K . O .  a t  h o t e l ,  and he accompanied 

m e  t o  Korea advance  I n s t i t u t e  o f  S c i e n c e  and Technology,  i n  

S e o u l .  

A t  10 .00  A.M. I m e t  w i t h  D r .  Moon H. Han, t h e  d i r e c t o r  o f  

food  and b i o t e c h n o l o g y  r e s e a r c h  d i v i s i o n .  A change of  o p i n i o n  

a b o u t  t h e  a c t i v i t i e s  o f  t h e  I n s t i t u t e  and NRC Egypt was 

c a r r i e d .  He c l a r i f i e s  t h e  a c t i v i t i e s  o f  h i s  d i v i s i o n .  I t  

i n c l u d e s  Food and  Animal f e e d i n g  f i e l d s .  No work i s  go ing  now 

on  Diogas  however some r e s e a r c h  work i s  go ing  on p r o d u c t i o n  

of  hydrogen by b iomethods .  A qu ick  v i s i t  was c a r r i e d  t o  t h e  

d i f f e r e n t  l a b o r a t o r i e s  o I  t h e  d i v i s i o n .  

A t  11.00 A.M. a m e e t i n g  was c a r r i e d  w i t h  D r .  Youn Young L e e ,  

t h e  head o f  Chemical  E n g i n e e r i n g  Eguip .  Lab. A v i s i t  Gas 

c a r r i e d  t o  t h e  l a b o r a t o r i e s .  Many p r o c e s s e s  have been deve loped  

' i n  t h i s  d i v i s i o n .  Many p i l o t  p l a n t s  a r e  s t i l l  l o c a t e d  a f t e r  

f i n i s h i n g  t h e  r e q u i r e d  prograrnrns. The d i v i s i o n  h a s  deve loped  

a p r o c e s s  f o r  p r o d u c t i o n  of  d i f f e r e n t  Fe reon  compounds 

(F  1 2 ,  F  2 1 ) .  The p r o c e s s  i s  now i n  f i n a l  e n g i n e e r i n g  s t a g e s .  

A d i s c u s s i o n  was c a r r i e d  a b o u t  t h e  sys t em,  t h a t  enhance  t r a n s f e r  

o f  r e s e a r c h  t o  i n d u s t r y .  H e  d e c l a r e d  t h a t  t h e  d i v i s i o n  d o  

a l l  t h e  p r e l i m e n a r y  e n g i n e e r i n g  of t h e  p r o c e s s  and a l s o  t h e  

p s e l i m e n a r y  t e c h n i c a l  e v a l u a t i o n  w h i l e  t h e  s p e c i a l i z e d  

e n g i n e e r i n g  companies ,  a l o t  o f  them a r e  a l r e a d y  o p e r a t i n g  i n  



Korea d u r i n g  t h e  lauL f i v e  y e a r s ,  mnko t h e  f i n a l  and d a t a i l c d  

e n g i n e e r i n g  o f  t h e  p r o c e s s .  Then i t  can bo chockod by t h c  

d i v i s i o n  and send  back t o  t h e  e n g i n e o r i n g  company f o r  c o r r e c t i o n s  

i f  needed .  I t  shou ld  be n o t e d  t h a t  Korea progross durinq t h e  

l a s t  t e n  y e a r s  i s  q u i t e  e v i d o n t .  They a l r e a d y  have  t h e i r  

own t e c h n o l o g y  i n  many f i e l d s ,  and a t t a i n e d  s h a r p  i n c r e a s e  i n  

s t a n d a r d  of  l i v i n g  d u r i n g  a  s h o r t  p e r i o d .  

A t  2 .00 P.M. I was accompanied by M r .  Lee t o  v i s i t  t h e  sewage 

t r e a t m e n t  p l a n t  i n  S e o u l .  Where I met w i t h  M r .  Eng. Uh K.B., 

t h e  t e c h n i c a l  a d v i s o r  a t  t h e  p l a n t .  H e  b r e i f s  t h e  s i t u a t i o n  

c o n c e r n i n g  sewage t r e a t n w r ~ t .  i n  S e o u l  and a l s o  h e  g a v e s  

b r i e f i n g  a b o u t  t h e  sewage t r e a t m e n t  p l a n t .  

Most cf t h e  sewage w a t e r  i n  S e o u l  i s  thrown d i r e c t l y  i n  t h e  
r i v e r  without treatment. W ,  me plant is exist ing which treats &cut 

1 / 4  t h e  sewage w a t e r  o f  S e o u l .  However it i s  p l anned  t o  

have  a n o t h e r  t h r e e  l a r g e  p l a n t s  l o c a t e d  i n  t h e  o t h e r  r e g i o n s  

of S e o u l  n e a r  t o  t h e  r i v e r  and s h o u l d  be i n  o p e r a t i o n  b e f o r e  

t h e  y e a r  1988.  A l l  t r e a t m e n t s  a r e  based  on w i t h d r a w a l  o f  t h e  

t r e a t e d  w a t e r  i n  t h e  r i v e r  w h i l e  t h e  s e p a r a t e d  organic m a t t e r  

is  used  a s  f e r t i l i z e r .  Big p o l l u t i o n  problems s t i l l  e x i s t i n g  

now i n  t h e  c i t y .  

The v i s i t e d  sewage p l a n t  c o n s i s t s  o f  t h r e e  main plants: 

1. Cheonggae Cheon sewage t r e a t m e n t  p l a n t .  

2 .  Jung rang  Cheon sewage t r e a t m e n t  p l a n t .  

3 .  Night  s o i l  t r e a t m e n t  p l a n t .  

Cheonggae Cheon p l a n t  s t a r t s  o p e r a t i o n  d u r i n g  t h e  y e a r  1976,  
3 w i t h  c a p a c i t y  150 ,000  m /day.  The t r e a t m e n t  method i s  ma in ly  





: r c rob ic  E u r r n c ~ i t a C i . ~ ~ ~  (Activated o l u d g u  mothod) , Tha s t e p s  

of t r e a t m e n t s  ( F i g .  2 4 )  a r e  screening and homogenis ing,  n c r a t i o ~ i  

t h i c k e n i n g  and s e p a r a t i o n .  The l i q u i d  p h a s e  g e t s  f u r t h e r  

s e d i m e n t a t i o n  and t h e n  c h l o r i n a t i o n  a s  t h e  l a s t  s t e r l i z a t i o n  

t r e a t m e n t  and t h e n  d r a i n e d  i n t o  t h e  r i v e r .  The s l u d g e  

s e p a r a t e d  r e s i d u e  is thermally o x i d i z e d  unde r  h i g h  p r e s s u r e  and 

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

t h e n  s e p a r a t e d  e i t h e r  by f i l t e r  p r e s s  on r o t a r y  vaccum f i l t e r .  

The f i l t e r e d  semidry  s l u d g e  i s  t r a n s p o r t e d  by c a r s  f o r  u s i n g  

a s  fertilizer. No b i o g a s  i s  produced i n  t h i s  p l a n t .  

J u n g r a n c  Cheon Sfjwage Trea tment  P l a n t :  - -. - C _  

3 The caj,:, . ~ t y  c E Lhn  ~ l a n t  i s  210,000 m /day.  The p l a n t  was 

constrv4::i;rr; l u r i n g  t h e  p e r i o d  Dec. 1975-Dec. 1979. The 

methcd , ! : ~ l a ' ~ r m t  ( F i g .  25)  depend on u t i l i z a t i o n  o f  b o t h  

a e r o b i c  a1.J c ~ b . ~ ~ b i c  t r e a t m e n t s .  The t r e a t m e n t  method i s  

s m i l l a r  ?r\ : I,): ;+: .zvious  one.  But i n s t e a d  o f  t h e r m a l  t r e a t m e n t  

of t h i c k : c l ~ c d  ;.A;I...i.ge, a r18e rob ic  d i g e s t i o n  i s  c a r r i e d .  

Anaerobic  G i~ : ; s c ion  p roduce  b i o g a s  which i s  used  f o r  p r o d u c t i o n  

o f  eltbctrj . a 1  power.  I t  a l s o  a f f e c t s  a b o u t  50% r e d u c t i o n  i n  

o r g a n i c  m a t t e r .  The r e s i d u a l  o r g a n i c  m a t t e r  is s e p a r a t e d  

by f i l t e r  p r e s s e s  and vaccum f i l t e r s  and used.  as  f e r t i l i z e r .  

The b i o g a s  d i g e s t e r s :  10 d i g e s t e r s  o f  23m d i a m e t e r  and 8.9m 
3 h e i g h t  a re  used .  The t o t a l  volume o f  d i g e s t e r s  i s  38000 m . 

The sys t em used  i s  s i n g l e  s t a g e  w i t h  h e a t i n g  f o r  c o n t r o l l i n g  

t h e  t e m p e r a t u r e  o f  f e r m e n t a t i o n .  R e t e n t i o n  t i m e  i s  23 d a y s .  

One g a s  h o l d e r  o f  a b o u t  7000 m3 volume i s  u s e d .  The b i o g a s  

produced  is used  f o r  p roduc ing  e l e c t r i c a l  power u s i n g  two d u a l  

f u e l  g e n e r a t i o n  sets o f  845 kw each  and 3.3kv,  720 r.pm. 

Exhaus t  h e a t  r e c o v e r y  u n i t s  a r e  i n c o r p o r a t e d .  The b i o g a s  







C H I N A  



proclucccl is s u f f i c j . c n t  f o r  illmut. G O %  of t he  e l -cc t r ica l  powor 

needed f o r  t h o  whole  p l a n t .  

N igh t  S o i l  Trea tment  -....-- P l a n t :  

The p l a n t  s t a r t e d  o p e r a t i n g  d u r i n g  t h e  year 1976.  I t s  maximum 
3 c a p a c i t y  is  600 m /day .  The main t r e a t m e n t  i n  t h i s  p l a n t  ( F i g .  

2 6 )  i s  wet t h e r m a l  o x i d a t i o n  p r o c e s s .  The n i g h t  s o i l  i s  

o x i d i z e d  by a i r  i n  s p e c i a l  r e a c t o r s  a t  a  t e m p e r a t u r e  of  2 4 5 O C  

and  u n d e r  h i g h  p r e s s u r e  o f  70 kg /cm2,  then s p e r a t i o n  of  t h e  

t r e a t e d  m a t e r i a l .  The f i l t e r e d  cake  i s  used a s  f e r t i l i z e r  

w h i l e  t h e  l i q u i d  i s  t r a n s f e r e d  t o  one of t h e  above ment ioned 

p l a n t s  f o r  f u r t h e r  t r e a t m e n t s .  

Wednesday 18 May 1 9 8 3 ;  

A t  10 .40 ,  I was accompanied by Mr. Lee t o  t h e  I n t e r n a t i o n a l  

a i r  p o r t  o f  S e o u l .  
_ .-- 

A t  13.30,  I t a k e  t h e  f l i g h t  J L  952 t o  Tokyo. 



Thursday ,  19 Mny 1.9883; 

A t  1 2 . 1 0 ,  I t a k e  t h e  bus  Prom Ginza Tokyo I l o t c l  t o  t h e  i n t a r -  

n a t i o n a l  a i r  p o r t  of Tokyo. 

A t  3.05 P.M., I t a k e  t h e  f l i g h t  No. 926 of  Ch inese  a i r  l i n e s  

Co a r r i v e  a t  Pek ing  a i r  p o r t  a t  7 . 0 0  P.M. A t  t h e  a i r  p o r t  

I was r e c i e v e d  by M r .  Zhao Yong Ren from t h e  F r o e i g n  A f f a i r s  

Bureau,  ~ h i h e s e  Academy of  S c i e n c e .  He i n v i t e s  me t o  d i n n e r  

i n  t h e  a i r  p o r t  r e s t a u r a n t  and t h e n  w e  moved t o  t h e  F r i e n d s h i p  

H o t e l  i n  P e k i n g ,  where  I s t a y e d .  

F r i d a y  20 May 1983; 

A t  8 . 0 0  A.M. ,  I m e t  w i t h  M r .  Zhao Y.R. I t  was p l anned  t o  fly 

a t  t h e  a f t e r  noon f l i g h t  t o  Chengdu, S ichuan  p r o v i n c e .  

However, t h e  f l i g h t  was c a n c e l l e d  and a c c o r d i n g l y  a  s i g h t  

s e e i n g  of Pek ing  was c a r r i e d  d u r i n g  t h e  whole day .  
-- 

A t  9.00 A . M . ,  a v i s i t  was c a r r i e d  t o  t h e  I m p e r i a l  p a l a c e .  

A t  2.00 P.M., a v i s i t  was c a r r i e d  t o  t h e  Summer p a l a c e .  

S a t u r d a y ,  2 1  May; 

A t  8 . 3 0  A . M . ,  I m e t  w i t h  M r .  Zhao Y . R .  He accompanied m e  

t o  t h e  main s q u a r e  i n  Peking  where  w e  v i s i t e d  t h e  p a l a c e  of  

t h e  l a t e  Ch inese  p r e s i d e n t ,  and t h e  monument o f  Unkown S o l d i e r .  

A v i s i t  al.80 was done t o  one  of  t h e  famous t e m p l e s  i n  Peking .  

A t  10.30 A.M:, M r .  Zhao Y.R. accompanied me t o  t h e  a i r  p o r t ,  

t o  t a k e  t h e  f l i g h t  No. 4102 a t  12 .25  t o  Chengdu, S i chuan  

p r o v i n c e .  However, t h e  f l i g h t  was d e l a y e d  and then c a n c e l l e d  

and I moved a t  a i r  p o r t  h o t e l ,  where  I s p e n t  t h e  night. 



Sunday ,  2 2  May; 

A t  1 1 . 0 0  A.M., 1 movcd to t h e  a i r  I J O ~ ~ .  t o  t a k e  t h e  f l i g h t  

N o .  4 1 0 2  a t  1 2 . 2 5  t o  Cliencjdu. I>uc t o  sornc LrouLlou i n  t h e  

a i r o p l a ; i e ,  t h e  f l i g h t :  was c1el.ayecl for about: 3 hrs. arrcl I 

arrived t o  Chengdu a i r  port a t  7 . 1 5  P.M. P.t t h e  air p o r t ,  

I was r e c i c v c d  by Dr. Ilou Yung Shencj v i c e  d i r e c t o r  of  S c i e n c e  

and  T e c h n o l o g y  o f f i c c , C h c n g d u  I n s t i t u t e  o f  B i o l o g y ,  T h e  

C h i n e s e  academy o f  S c i n e c c s  and D r .  L iu  Kc-Xin, head  of 

m i c r o b i o l o g y  d e p a r t m e n t ,  and  Mr. Chen Ming,  t - r a n s l a t o r  a t  

t h e  c i t e d  I n s t i t u t e .  

They accompan 'ed  me t o  J i a n g  H o t e l  n e a r  t o  Chengdu c e n t r e .  

Monday, 2 3  May; 

A t  8 .30  A . M . ,  I was accompan ied  by D r .  Hou Yung S h e n g ,  v i c e  

p r e s i d e n t  of t h e  I n s t i t u t e  o f  B i o l o g y  and  D r .  L i u  Ke-Xin 

a n d  M r .  Chen Ming t o  v i s l t  t h e  I n s t i t u t e .  

A m e e t i n g  was h e l d  w i t h  D r .  Nu Yi-Zhe t h e  d i r e c t o r  o f  Chengdu 

I n s t i t u t e  o f  B i o l o g y ,  t h e  C h i n e s e  Academy of S c i e n c e s  and  most 

o f  t h e  I n s t i t u t e  S c i e n t i s t s .  A b r i e f i n g  on o u r  a c t i v i t i e s  

on B i o g a s  T e c h n o l o g y  was g i v e n .  Our r e s e a r c h  c o n c e r n i n g  t h e  

e v a l u a t i o n  a n d  d e v e l o p m e n t  o f  C h i n e s e  B i o g a s  d i g e s t e r s  d e s i g n -  

i n  Egyp t  was c l a r i f i e d .  The C h i n e s e  S c i e n t i s t s  w e r e  h i g h l y  

i m p r e s s e d  w i t h  o u r  d e v e l o p m e n t s  i n  t h e i r  C h i n e s e  d e s i g n s  a n d  

a g r e e d  a b o u t  i t s  i m p o r t a n c e .  Some o f  o u r  p u b l i c a t i o n s  on 

B i o g a s  was  g i v e n .  

D r .  Wu Yi-Zhe t h e  d i r e c t o r  of t h e  I n s t i t u t e ,  b r i e f s  t h e  

a c t i v i t i e s  o f  t h e i r  I n s t i t u t e ,  a s  it i n c l u d e s  t h r e e  ma in  

f i e l d s :  

1. P l a n t s  f Biomass 



1.. Devulopmcnt of b i ~ < j n 5  d i g e s t e r s  f o r  r u r a l  areas. 

. 2 .  T r e a t m e n t  of w a s t e  w a t e r  i n  u r b a n  a r e a s .  

3 .  Development of a n a e r o b i c  m i c r o - o r g a n i s m  f o r  b i o g a s  

t e c h n o l o g y .  

D r .  Wc Yi-Zhe and some o t h e r  s c i e n t i s t s  f rom t h e  i n s t i t u t e  

t a l k e d  a b o u t  t h e  b i o q a s  t e c h n o l o g y  i n  S i c h u a n  p r o v i n c e  and 

i n  Ch;l.na. Chengdu i s  t h e  c a p i t a l  o f  S i c h u a n  ~ r o v i n c t ; .  

Chengdu is abou t  l G O O  krn f a r  f rom ~ e k i n g .  S i c h u a n  p r o v i n c e  

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

a b o u t  100  m i l l i o n ,  a b o u t  9 0 %  o f  them a r e  w o r k i n g  i n  a g r i c u l t u r e .  

S i c h u a n  p r o v i n c e  i n  o n e  o f  t h e  mail- a g r i c u l t u r a l  c e n t r e s  i n  

C h i n a .  Chengdu p o p u l a t i o n  i s  a b o u t  4 m i l l i o n s .  

I n  S i c h u a n  p r o v i n c e  t h e r e  a r e  s t i l l  a b o u t  2 .5  m i l l i o n  b i o g a s  

d i g e s t e r s  i n  o p e r a t i o n  now. However, it s h o u l d  b e  n o t e d  

t h a t  d u r i n g  t h e  f l o o d i n g  o f  t h e  y e a r  1 9 8 1 ,  more t h a n  5 0 %  of t h e  

r u r a l  d i g e s t e r s  were d e s t r o y e d .  I n  C h i n a ,  t h e r e  s t i l l  a b o u t  

6 . 5  m i l l i o n  o f  b i o g a s  u n i t s  o p e r a t i n g  well. 

The l o w e s t  a m b i e n t  t e m p e r a t u r e  i n ' t h e  p r o v i n c e  d u r i n g  w i n t e r  

s e a s o n  r a n g e s  b e t w e e n  0-5OC w h i l e  d u r i n g  summer s e a s o n  t h e  

h i g h e s t  a m b i e n t  t e m p e r a t u r e  r a n g e s  b e t w e e n  32-36 OC. The 

s l u r r y  t e m p e r a t u r e  r a n g e s  b e t w e e n  12OC as minimum d u r i n g  

w i n t e r  s e a s o n  and  r e a c h e s  a  maximum o f  25-26OC 4 u r i n g  summer 

s e a s o n .  A c c o r d i n g l y  t h e  g a s  p r o d u c t i o n  rates r a n g e  be tween  
3 0 . 0 9  ( a n d  some times less) t o  a  maximum o f  0.25-0.3 m /day 

d u r i n g  t h e  w i n t e r  a n d  summer s e a s o n s  r e s p e c t i v e l y .  The 
3 3 

a v e r a g e  g a s  p r o d u c t i o n  r a t e  a r o u n d  t h e  y e a r  is  a b c u t  0 .15  m /m 

d a y .  



A q u i c k  v . i s i t  was ca r r i ed  r.C> t h ~  cli. Ef eru,\t: l a t ~ o r a t o r i o s  of 

t h o  Z n a k i t u t a .  ISx~orimuntirL work i u  yoin(; s i l  clry f e r m e n t a t i o n  

o f  r im s t r a w .  Thc s t r a w  i s  f i r s t  pre trea ted  by  mixing it  

w i t h  e f f l u e n t  s l u r r y  i n  a e r o b i c  c o n d i t i o n s  f a r  one d a y .  

Then it mixed with p i g ' s  manure ~ i s i n g  1:l r a t i o n  based on 

dry w e i g h t .  Expe r iman t s  were a a r r i e d  u s i n g  d i f f e r e n t  oolid 

c o n c e n t r a t i o n s  i n  t h e  r a n g e  8 -25% t o t a l  s o l i d s .  Best r e s u l t s  

ware o b t a i n e d  u s i n g  258 t o t a l  s o l i d s .  The mean g a s  p r o d u c t i o n  

r a t e  a t  amb ien t  t e m p e r a t u r e  ( 2 B ° C )  was a b o u t  0 . 4  m3/m3 day .  

The g a s  p r o d u c t i o n  s t a r t s  a f t e r  3 d a y s .  The maximum g a s  

r a t e  o b t a i n e d  a f t e r  a  p e r i o d  o f  a b o u t  90 d a y s ,  a f t e r  which 

g a s  r & c e  d e c l i n e s .  The l o w e s t  g a s  p r o d u c t i o n  r a t e  is a b o u t  
3 3 3 3 0 . 1  m , 'm . day, w h i l e  t h e '  maximum is  a b o u t  0 . 9  m /m t day .  

Thermophel ic  t r e a t m e n t  of sewage wa..:e is s t u d i e d .  The 

s o l i d  c o n t e n t  of t h e  f e e d  i s  3.5%, r e t e n t i o n  t i m e  i s  8 d a y s .  

The mean g a s  p r o d u c t i o n  r a t e  i s  2 . 2  m3/m3. d a y .  COD removal 

a t t a i n e d  was a b o u t  9 0 % .  

D i f f e r e n t  r e s e a r c h  works  a r e  g o i n g  on f o r  t e s t i n g  som2 new 

and m o d i f i e d  d i g e s t e r  d e s i g n s .  The s t u d y  i s  c a r r i e d  u s i n g  

s m a l l  volume (5-10 I t . )  d i g e s t e r s  of t r a n s p a r e n t  p l a s t i c s .  

Thest)  t y p e s  i n c l u d e ,  c i r c u l a r  and s h a l l o w  C h i n e s e  t y p e  

d i g e s t e r  w i t h  b u f f l e ,  t u b u l a r  p lug  f l ow  d i g e s t e r  w i t h  one  

b u f f l e  and a l s o  w i t h  m u l t i  b u f f l e s  sys tem.  

A t  12.30 P.M., I v i s i t e d  Chong g i n g  c o u n t y ,  a b o u t  50 km 

f a r  f rom Chengdu. The c o u n t y  c o n s i s t s  o f  some communs and 

many v i l l a g e  commi t i e s .  A number of  v i l l a g e  g r o u p s  be long  

t o  e a c h  communs. The main p r o d u c t s  o f  t h e  c o u n t y  i s  r i c e ,  

whea t ,  o i l  c r o p s ,  t r a d i t i o n a l  med ica l  Chinesa  c r o p s ,  and 

v e g e t a b l e s .  ' S m a l l  i n d u s t r i e s  a r e  a l s o  p r e s e n t .  These 



I n  the c o u n t y ,  about  7 1 %  o f  t h e  p o p u l a t i o n  a r e  u s i n g  b i o g a s  

a s  f u e l  f o r  co(>ki.ng and l i g h t i n g .  Tho t o t a l  volume of  t h e  
3 d i g e s t e r s  i n  t h e  coun ty  i s  a b o u t  663000 m . Thus a b o u t  

73500  d i g e s t e r s  a r c  c o n s t r u c t e d .  The d i g e s t e r  volumes 
3 r a n g e  between 6-10m , The t y p e s  used  are m o s t l y  f rom 

c i r c u l a r  and domed t y p e  ( F i g .  27) , some a r e  o f  t h e  r e c t a n g u l a r  

t y p e .  The d i r e c t o r  of t h e  c o u n t y  ment ioned t h a t  one  

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

b i o g a s  t e c h n i c i a n  d 2 a l s  w i t h  o p e r a t i o n  and ma in t enance  of  

t h e  b i o g a s  p l a n t s .  For  each  coun ty  t h e r e  i s  a b i o g a s  o f f i c e .  

I n  t h i s  o f f i c e ,  13  p e r s o n s  a r e  working.  Four  t r a i n e d  

t e c h n i c i a n s  a r e  d e a l i n g  w i t h  d i p s t e r  d e s i g n  and c o n s t r u c t i o n  

i n  t h e  c o u n t y .  They g e t  t h e i r  t r a i n i n g  i n  t h e  c e n t r a l  o f f i c e  

of b i o g a s  o f  t h e  S ichuan  p r o v i n c e  i n  Chengdu. The o t h e r  

members o f  t h e  o f f i c e  a r e  working i n  a d m i n s t r a t i v e  and s e r v i c e  

d i v i s i o n s .  

During my v i s i t  t o  t h e  c o u n t y  I was accompanied by D r .  

Hou Yung Sheng,  D r .  Liu  Ke-Xin and M r .  Chen Ming. W e  t o o k  

l u n c h  i n  t h e  c o u n t y  d i n n i n g  room and  t h e n  moved t o  one  o f  

t h e  c o u n t y  v i l l a g e s .  The v i l l a g e  d i r e c t o r  accompanied m e  

t o  v i s i t  some of  t h e  b i o g a s  u n i t s  i n  t h e  v i l l a g e .  Every 
house  was s e r v e d  by two b i o g a s  u n i t s  ( F i g .  2 8 ) .  Both v n i t s  

a r e  connec t ed  t o  t h e  p i g  shed .  However one  of them o p e r a t e s  

ma in ly  on c r o p  r e s i d u e  ( r ice  s t r a w )  u s i n g  t h e  b a t c h  uystem.  

The c o n t e n t s  o f  t h e  u n i t  i s  d i s c h a r g e d  twice a  y e a r .  While  

t h e  o t h e r  u n i t  o p e r a t e s  ma in ly  on p i g  manure and u r i n e . .  

The u n i t  a l s o  is  d i s h c a r g e d  twice a  y e a r  due  t o  t h e  need of  

t h e  s l u r r y  c b n t e n t  f o r  l a n d  f e r t e l i z i n g .  The re  i s  one  month 

d e l a y  between t h e  d i s c h a r g i n g  o f  t h e  two u n i t s .  The v i l l a g e  

d i r e c t o r  ment ioned t h a t  t h e  b i o g a s  produced i s  j u s t  s u f f i c i e n t  

f o r  cook ing  d u r i n g  w i n t e r  s e a s o n ,  w h i l e  e x c e s s  g a s  can  ix 



kernovable manholo cover 
sealed with clay 

- Slurry - 
- - -  

F i g .  27  Improved d e s i g n  of t h e  f i x e d  dome 

d i g e s t e r  ( C h i n a ) .  



produced durincj  uurntilcr :loason ntld k h i ! ~  1.3 use l l  for  cookincj 

Lhc food of the  p i g o  ilnd o L h c r  houec u t i l i z a t i o n .  S t  La 

worthy  t o  ment ion t h a t  t h e  k i t c h e n s o l  v i e i t e d  i n  t h e  v i lLn ( j e  

a r e  a lmos t  t h o  same. It. c o n t a i n s  a  s a t  o f  3 s twas :  on0 

o p e r a t i n g  on h i o q a s  w h i l e  t h o  o t h e r  two a r e  o p e r a t i n g  on 
s o l i d  c r o p  r a s i d u c s  a v a i l a b l e  ( F i g .  2 9 ) .  The f i r s t  s t o v e  

i s  main ly  f o r  c o o k i n g  u s i n g  b i o y a s ,  t h e  second is  f o r  cooking  

u s i n g  crop r e s i d u e  d u r i n g  t h e  p e r i o d  of g a s  s h o r t a g e .  The 

t h i r d  s t o v e  is  used  f o r  cooking  t h e  f e e d  o f  t h e  p i g s ,  The 

l a s t  two s t o v e s  a r e  connec t ed  t o  a  chimney and t h u s  t h e  

k i t c h e n  was v e r y  c l e a n  and b e a u t i f u l l y  d e c o r a t e d .  

I n  a l l  houses  v i s i t e d ,  a g a s  lamp was c o n n e c t e d .  China 

u s e s  v e r y  s i m p l e  d e s i g n s  of g a s  lamps,  F i g  30 shows one 

of t h i s  d e s i g n s  it c o n s i s t s  of f o u r  p a r t s :  an  aluminium t u b e  

a  g a s  d i f f v s e r  t o  which t h e  m a n t l e  is a t t a c h e d ,  a  d i s c  r e f l . e c t o r  

and a s l i m  g l 3 s s  o r  p l a s t i c  t u b e  t h a t  a c t s  a s  a n o z z l e .  The 

a luminium t u b e  i s  about  100 nun l o n 7  and 15 mv. i n  d i a z e t e r .  

A l i t t l e  below t h e  t o p  o f  t h e  t u b e  t h e r e  a r e  f o u r  a i r  h o l e s  

3 t o  4 mrn. The r e f l e c t o r s  f i t s  a t  the bot tom o f  t h e  alimunium 

t u b e  j u s t  above t h e  d i f f u s e r .  A more s i m p l i f i e d  c o n s t r u c t i o n  

i s  shown i n  F i g .  3 1 .  Here t h e  t u b e  and t h e  g a s  d i f f u s e r  

a r e  made i n  one p i e c e  f rom c l a y .  The r e f l e c t o r  i s  made 

a l s o  o f  c l a y .  

A t  4.00 P.M. I moved t o  Chengdu. 

A t  7 .00  P.M. a r e c e p t i o n  was h o s t e d  by Chengdu I n s t i t u t e  o f  

B i o l o g y .  D r .  Wu Yi-Zhe t h e  d i r e c t o r  o f  t h e  I n s t i t u t e  o f  

B io logy  and some S c i e n t i s t s  d e a l i n g  w i t h  b i o g a s  t echno logy  

i n  t h e  I n s t i t u t e ,  were  p r e s e n t .  A d i s c u s s i o n  was c a r r i e d  

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



F i g .  28  'I'wo biogas d i g e s t e r s  connected t o  a 

family house (China) . 

Fig. 29 Kitchen stoves opera ted  on  biogas and 

crop residues (China) 



4LUMINIUM 1 U L l f  
C L A Y  VENTURI  

I ) Section e!evotion of thc lomp ossombly i i )  Detolls of lamp par ts  

Figure 3 0 Simple biogas lamp (China) 

-The nozzle (usually of pla3l ic) 
l o  be in te r ted  here 

k Air inlet about 10 mm long 111 and 5 mm wide 

Integrated tube-dif tuser 
o i  120 mm in  length on3 
7 mm internal diameter 

Dotachable ref lector made 
of c lay  about 1 4 0  mm in  d iometer  

4 haler each obout 8 mm 
i n  d i a m e t e r  f o r  h e a t  escap 

Groove 
Ing the 

tor 
mantle 

L ~ b o u t - 4 0  holes each 
1.5 mm in diameter 

Figure 3 1 Clay biogas lamp (China) 



Tuscday,  2 4  May; 

A t  7 . 3 0  A.M. ,  I was accompanied by D r .  Hou Yung Sheng t h e  

v i c e  d i r e c t o r  o f  Chenydu I n s t i t u t e ,  D r .  Liu Ke-Xin, and M r .  

Chen Ming , t h e  t rans la tor  t o  v i s i t  t h e  Rongxj.an coun ty  

d i s t i l l e r y ,  The d i s t i l l e r y  f a c t o r y  i s  l o c a t e d  a t  a b o u t  

150 km e a s t  t o  Chengdu. 

A t  11 .15  A.M. w e  a r r i v e d  t o  t h e  p l a n t .  I was r e c i e v e d  by 

t h e  d i r e c t o r  o f  t h e  p l a n t  and some e n g i n e e r s .  

The d i r e c t o r  b r i e f s  t h e  h i s t o r y  of  t h e  p l a n t .  The c o n s t r t . c t i o n  

o f  t h e  d i s t i l l e r y  s t a r t e d  i n  1971  and comple ted  i n  1973.  

The raw m a t e r i a l  u s e d  f o r  f e r m e n t a t i o n  i s  sweet p o t a t o e s .  

About 4000 t o n s / y e a r  o f  d r y  sweet p o t a t o e s  a r e  fe rmented  t o  

p roduce  2000 t o n s  e t h y l e - ' a l c o h o l / y e a r .  Also c o r n  i s  used  

a s  raw m a t e r i a l  ( a b o u t  1500 t o n s / y e a r ) .  The f a c t o r y  

p r o d u c e s  some wines .  The t o t a l  p r o d u c t i o n  i s  e q u a l  t o  

a b o u t  4 , 3  m i l l i o n  Yuan/year.  .%out 320  l a b o u r s  are working 

i n  t h e  d i s t i l l e r y .  

The p l a n t  was n o t  f o l l o w i n g  t h e  p o l l u t i o n  c o n t r o l  r u l e s  and 

thus 20,000 Yuan was paid yearly, Because of this po l lu t im  problans, 
t h e  d i s t i l l e r y  was f o r c e d  t o  s h u t  down f o r  8 months between 

1975-1977 c a u s i n g  a  l o s s  o f  more t h a n  1 . 3 5  m i l l i o n  Yuan. 

I n  1976  r e s e a r c h  work s t a r t s  t o  s o l v e  t h e  p o l l u t i o n  problem.  



In April 19U1 n d i g o o r o r  of 2000 m3 volurno wae built mainly as 

a solution for pollution problem. Nowovcr, tho digester sarvcs 

now for many purposes, .('Fig. 32) thus; 

3 - 130 rn wa3t.c water containing about 3.8% total solids are 

treated per  day as solution for pollution problem and COD 

decreased by about 908. 

- Diogas as a source of energy is produced. 2500-3100 rn3/day 

of biogas are produced. 

The gas produced is used for many purposes: 

- Driving cars and trucks using compressed gas in cylinders. 

8 small cylinders are fixed in the car and connected to a 

main line for charging and also connected to the carburater 

of the engine. The compressed biogas is at a hYgh pressure 
2 zeaching 100 kg/cm . Hydrogen compressor is used for com- 

pressing -the biogas i6 cylinders. No probleins was noticed 

during gas compression. 

- Electrical power generation: 

two generator sets are present each 120 kwh. However one 

only operates for 16 hrs a day and produces the energy 

required for the whole plsnt. Waste heat is not used, 

however there is a plan to use it in future. 

- Steam generation: 

The gas is used for steam production. The gas is used 

partially with coal and consists only 20% of the fuel. 
2 Boiler capacity is 6.5 tons/hr. steam of 13 kg/cm . The 

coal necessary for operating the boiler is about 16 tons/day. 





- Dornorjtic usel-;: 

Tho gaa i n  uucd a s  Euol f o r  cookinq  i n  t h o  k i t c h e n  f o r  2 0 0  

p e r s o n s  l i v i n g  i n  t h e  area of t h e  f a c t o r y .  Also t h e r e  i u  a 

noarby  h o t e l  which usas p a r t  of t h o  produced g a s .  

Tho  d i g e s t e r  i s  a tunn ,e l  t y p e  w i t h  a U-shape.  D i g e s t e r  w i d t h  
3 i s  4 m  w h i l e  h e i g h t  i s  5 . 8  m .  Volume i s  a b o u t  2000 m . The 

d i g e s t e r  is  composed o f  f o u r  s i m i l l a r  p a r t s  connec t ed  i n  s e r i e s  

u s i n g  a  p i p e  of  0.8m d i a m e t e r  o r  open ing  i n  t h e  w a l l  o f  1 . 2  x l m .  

The  d i g e s t e r  was b u i l t  from l a r g e  b r i c k s  ( s and  b r i c k s )  p r e s e n t  

i n  t h e  f i e l d .  The roo f  i s  c o n s t r u c t e d  from r e i n f o r c e d  concret- ,e.  

The b a s e  i s  made from normal c o n c r e t e , -  P l a s t e r i n g  o f  walls and 

roo f  was c a r r i e d  u s i n g  a  m i x t u r e  o f  cement and s a n d ,  i n  a  

m u l t i l a y e r s  o f  v e r y  t h i n  l a y e r s .  

Mixing of  s l u r r y  i n  d i g e s t e r  i s  c a r r i e d  u s i n g  compressed b i o g a s  

r e c i r c u l a t e d  from t h e  g a s - s t o r a g e .  A i r  compressor  o f  10  kg/cm 2 

i s  used .  About 20 p o i n t s  f o r  m i x i n g ' i s  d j s t r i b u t e d  a l l  o v e r  

t h e  l e n g t h  o f  d i g e s t e r .  Mixing was c a r r i e d  f o r  a b o u t  2 m i n u t e s  

e v e r y  8 h r s .  Gas h o l d e r ,  i s  m e t a l l i c  t y p e  of  c y l i n d r i c a l  s h a p e .  

I t  was c o n s t r u c t e d  f rom 6 mrn s h e e t s  t h i c k n e s s .  The d imens ions  

o f  t h e  g a s  h o l d e r  a r e  13m d i a m e t e r ,  and 8m h e i g h t .  The b u i l d i n g  

i s  m o s t l y  unde r  g round .  The volume o f  g a s  h o l d e r  is a b o u t  - 
800 m'. The g a s  p r e s s u r e  i s  a b o u t  60 c m  water head. 

D i g e s t e r  o p e r a t i o n :  t h e  h o t  e f f l u e n t  f rom t h e  d i s t i l l e r y  i s  
3 c o l l e c t e d  i n  a  4 0  m t a n k  where i t  is n e u t r a l i z e d  w i t h  l i m e  

and  c o o l e d .  Every 8 h o u r s ,  t h e  m a t e r i a l  i s  f e d  t o  t h e  d i g e s t e r .  

The r e t e n t i o n  t i m e  is  a b o u t  1 5  d a y s .  I n l e t  t e m p e r a t u r e  t o  t h e  

d i g e s t e r  i s  5 5 ' 0 ~  w h i l e  o u t l e t  t e m p e r a t u r e  is a b o u t  51°C. No 

h e a t i n g  i s  r e q u i r e d  t o  m a i n t a i n  t h e  t e m p e r a t u r e .  The e f f l u e n t  



front diguetar is ~ ~ : p d r i l f i ~ d  i n  it th ic :kr ic?r .  ' [ ' h ~  ~0nc~l1 t r i l t .0~1 

organic rasidue i a  r o c y c l o d  to the c l i g a o t o r ,  while super- 

natant liquid flow8 by gravity and Lo usad  as fertilizer. It is 

dxsposocl far away from the plant using a pipe. The plant is 

cover~d by water to prevent gas losses. 

The plant is supplied with some accessories as fire trap and I12S 

removal (using iron bed). 

Tho plant is a good achievement, specially that thermophelic 

fermentation is carried in a quite cheap cement-brik digester. 

Gas productivity is quite high. However the water bath on the 

digester can be used as solar pond for controlling the temp- 

erature of fermentation. Also integrated system should be 

considered to remove totally the pollution and to make the 

project more profitable. 

At 4,00 P.M. we moved toXhengdu to arrive at 7.30 P.M. 

Wednesday, 25 May; 

At 5.40 A.M. I moved to Chengdu air port I was accompanied by 
Dr. Wu Yi-Zhe the director of the Chengdu Institute of Biology 

and some other scientists. 

At 8.00 A.M. we take the flight CA 4101 to Peking to zrrive at 
11.10 A.M. 

At the air port I was recieved by Mr. Zhao. He accompanied me 

to the Friendship Hotel. 



At. ;!. I U  1 j . M .  ;I c:ontt~c:t WII:; cc1rrj  r ~ r l  wi t.11 t liu Na t i o n n l  of f  i c r ~  

f o r  hiocj i ls ,  r o c j i ~ l ~ d l  r ~ c l  t11e p o r ; : ~ i b i  1 i ty of v i s i t  i n q .  A mor?tit~cl 

was c a r r i e d  wi t h  on(? r ) f  t h u  speci a1 i st  of t h e  off icw. A 

ch,lncje o f  o p i n i o n  was cnrriecl c o n c c r r ~ i n g  t h e  me thods  of pro-  

p a c ~ a t i o n  crF b i o q d s  t uc:hnology i n  r u r a l  areas. He br i e f s  t h o  

a c t i v i t i a o  of bicxjnu i n  C h i n a ,  and t h e  methods used f o r  

a s s i s t i n g  t h e  p r o p a g a t i o n  of t h e  t s c h n o l o t j y .  

R e s e a r c h  on  b i o g a s  s t a r t e d  i n  C h i n a  s i n c e  t h e  y e a r  1 9 2 0 ,  

however t h e  b i g  movement i n  research  was i n  t h e  year l.958 

I n  1 9 6 8  implementation on l a r g e  s c a l e  s t a r t e d  i n  c e n t r a l  r u r a l  

a r e a s  o f  C h i n a  f o r  u s l n q  b i o g a s  a s  f u e l  s o u r c e  and a s  a  s o l u t i o n  

f o r  t h e  d i f f i c i e n c y  o f  e n e r g y  i n  t h e s e  a r e a s .  

Dur ing  t h e  p e r i o d  1968-1975 p r o p a g a t i o n  o f  b i o g a s  t e c h n o l o g y  i n  

a l l  r u r a l  a r e a s  o f  Ch ina  takes p l a c e .  Many d i g e s t e r s  were  con-  

s t r u c t e d  i n  S i c h u a n  p r o v i n c e .  However, d u r i n g  t h i s  p e r i o d  n o t  

t b o  much a t t e n t i o n  was c o n s i d e r e d  f o r  the s y s t e m  u s e d  o r  

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

many p r o b l e m s  a r i s e d .  

I n  1 9 7 5  a t t e n t i o n  f o r  b i o g a s  d e v e l o p m e n t  was c o n s i d e r e d .  I n  

1978 much a t t e n t i o n  was c a r r i e d  f o r  t h e  d i g e s t e r  c o n s t r u c t i o n  

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

t h e  f e e d  m a t e r i a l s  f o r  t h e  d i g e s t e r s  a s  s t raw,  grass, c o r n  

s t o c k s ,  manure .  I n  1 9 7 9 ,  a  n a t i o n a l  m e e t i n g  on b i o g a s  was 

c a r r i e d  and  a l l  r e g i o n s  o f  C h i n a  were r e p r e s e n t e d .  I n  1 9 8 0 ,  

a  n a t i o n a l  i n v e s t i g a t i o n  p r o j e c t  was c a r r i e d  i n  20  p r o v i n c e  

of C h i n a .  The s t u d y  was c o n c e r n e d  w i t h  t h e  d i f f e r e n t  p a r a m e t e r s  

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

c a r r i e d  assis ts  p l a n n i n g  o f  b i o g a s  t e c h n o l o g y  o n  t h e  n a t i o n a l  

l e v e l .  The s t u d y  i n c l u d e s :  

1. E v a l u a t i o n  of c l i m a t e  i n  d i f f e r e n t  r e g i o n s  w i t h  stress on 

a m b i e n t  t e m p e r a t u r e s .  



I N D I A  



I3y t h e  y e a r  1.985 i t  i s  planned t o  have  1.1. rni . l . l ion b i o g a s  u n i t s  - 
3 i n  r u r a l  areas of volumes 6-10 n~ . 

The propagation system of biogas tcchnolo~jy i n  China i s  v e r y  

i n t e r e s t i n g .  I t  s t a r t s  by t h e  c e n t r a l  b i o g a s  o f f i c e  i n  Peking 

and branched cm d i f f e r e n t  l e v e l s  u n t i l  i t  reaches  t he  pro- 

duc t ion  br igade l e v e l  i n  t he  v i l l a g e .  T h i s  can a s s i s t  t r a n s f e r  

of knowledge and propagation of technoloqy v e r y  f a s t ,  i f  some 

dec i s ion  has been t3ken.  

The main o rgan i sa t i on  l e v e l s  a r e :  

- Cent ra l  os:ganisation biogas o f f i c e .  

- Province biogas o f f i c e .  

- Regional d i s t r i c t  biogas o f f i c e .  

- County biogas o f f i c e  

- Production br igade biogas o f f i c e .  

On each l e v e l  of t h e  mentioned above, t he re  a r e  d e f i n i t  t a s k s  

t o  do. 

A t  6 .00  P.M., a  recep t ion  was hosted by t h e  head of fo r iegn  

a f f a i r s  dep.  i x  Chinese academy of sc iences  and some m2n1bers of 

t h e  department snd some s c i e n t i s t s  from the  academy of s c i ences .  

Thursday ,  26  May 1 9 8 3 ;  

A t  7 .30 A.M.,  I was accompanied by M r .  Zhao Y . R .  t o  v i s i t  

t h e  great wal l .  



A l .  4 . 3 0 ,  1 t a k e  t h o  f l  l q h t  DA 20 frcmi r'uking trlr p o r t  t o  

a r r i v e  Domh y at, in i rl t l i ( . j l i t .  I was recj c v ~ d  by KVIC rap- 

rusentntives. They  accompanied mu t o  n h o t e l  i n  Bombay 

n o a r  t o  K V I C  building. 

F r i d a y ,  27 May 1 9 8 3 ;  

A t  9 . 0 0 ,  I was accompanied t o  a t t e n d  a mee t ing  i n  S h e r a t o n  

Motel  - Bombay. The mee t ing  was a c l o s i n g  d a y  f o r  a 
t r a i n i n g  program i n  b i o g a s  sys tem c a r r i e d  by K V I C  and 

s p o n s e r e d  by Commonwealth S c i n e c e  C o u n c i l .  About 1 3  

members o f  d i f f e r e n t .  Commonwealth c o u n t r i e s  a t t e n d  t h e  

t r a i n i n g  programme. Many p e r s o n s  gave  speach  i n  t h i s  

m e e t i n g .  The p r e s i d e n t  o f  K V I C ,  t h e  d i r e c t o r  KVIC-gobar 

g a s  scheme, t h e  r e p r e s e n t a t i v e  of CSRI and D r .  Mrs La l i . t a  

Rao, t h e  m i n i s t e r  o f  p u b l i c  h e a l t h  and f a m i l y  w e l f a r e .  

I was a sked  t o  y i v e  a  b r i e f  abou t  b i o g a s  t echno logy  i n  

China and Egypt .  

A mee t ing  was c a r r i e d  w i t h  M r .  H . R .  S r i n i v a s a n ,  d i r e c t o r  

g o b a r  g a s  scheme, d u r i n g  which a  change o f  o p i n i o n  was 

c a r r i e d  o u t  c o n c e r n i n g  t h e  development  of b i o g a s  t e c h -  

no logy  i n  b o t h  I n d i a  2nd Egypt .  

S a t u r d a y  and Sunday i s  g e n e r a l l y , n o t  wo;king d a y s  i n  

K V I C ,  however M r .  S i r i n i v a s a n ,  d i r e c t o r  o f  g o b a r  g a s  

scheme, p l anned  a  programme ior v i s i t s  d u r i n g  t h e s e  two 
d a y s .  

S a t u r d a y ,  28 May 1 9 8 3 ;  

A t  8 . 3 0  I was accompanied by Dy. c h i e f  o f f i c e r  i n  b i o g a s  



t:o visit the community pl.nnL i t r  Dtl ir~dv v i '1 1nr-o loc;ltr?d 

about 45 km north Oombny. 

The village conr4.sts of 12 Hamlet (small. vil.lage). Tho 

total populltion is about 1200 persons. The population 

of Dhaniv (the capital) io about 200 persons and consists 
of about 37 houses. The mafn work in the village is the 

cultivation of rice. The cultivated area in the village 

is 2bout 500 hektars of low quality land. 

The distribution of land is: 

- 30 persons owned between 5-20 Hektars - rich people. 
- 90 persons owned between 1-4 Hektars - Middle class. 
- 100 persons landless - Poor class. 

A primary school is present in the village. More than 

80% of the population can read and write. The daily 

wages of the farmers varies between 5-8 R/day. However, 

the work is seasonaly in agriculture and accordingly the 

landless people work in brick factories or moved to 

cther places. Tbe village is generally very poor. 

Bioaas Plants : 

The community plant consists of many digesters and gas 
storage systems: 

1. Large community plant of 5m diameter and 6m depth totally 

underground with floating gas holder (Fig. 33-34). The 

digester is ,fed daily using the dung supplied by the 

farmers. About 26 families are participating jn this 

plant. The dung supplied is priced at 0.02 R/kg wet. 



F i g .  3 3  Mixing chamber (1ndia )  . 

F i g .  34 Community biogas  ~ l a n t  ( I n d i a )  . 



Thsro i s  ona t o c h n i c i n n  d o n l i n y  w i t h  o p e r a t i o n  of t h o  p l a n t .  

h e  ws ighs  t h o  dung s u p p l i a d  by t h c  Enrmcru and r c c o r d a  i t  

i n  a s p e c i a l  o p ~ r a t i n g  manual.  The gas i s  s u p p l i e d  t o  any 

f a m i l y  asks f o r  2 5  R/rnonth. The dryocl e f f l u e n t  i s  s o l d  

a s  f e r t i l i z e r  w i t h  n nominal  p r i c e  of 0,05  R/kg d r y .  

The manure f e e d i n g  r a t e  d u r i n g  t h e  l a s t  month (May 1983)  

ranged  between 200-500 kg/day.  S h a r i n g  of  f a m i l i e s  i n  

dung s u p p l y  r a n g e s  between 1 5  and 50 kg/day.  There  a r e  

a b o u t  100 cows i n  t h e  v i l l a g e .  The g a s  i s  s u p p l i e d  twice 

a  d a y .  I n  t h e  morning a t  a  f i x e d  t i m e  f o r  a b o u t  1 1/2 h r s  

s t a r t i n g  a t  10 .00  A.M. The second s h i f t  i s  i n  t h e  e v e n i n g  

and a l s o  f o r  a b o u t  1 1/2 h r s .  s t a r t i n g  a t  6.30 P.M. 

The g a s  i s  s u p p l i e d  f o r  a b o u t  2 0  f a m i l i e s .  The s l u r r y  

e f f l u e n t  f l o w s  t o  t h e  2nd - l a r g e  d i g e s t e r  o p e r a t i n g  on 

n i g h t  s o i l  f o r  f u r t h e r  f e r m e n t a t i o n  s t a g e .  

2 .  La rge  d i g e s t e r  c o n n e c t e d  t o  a t o i l e t  set .  Large  d i g e s t e r  

o f  t h e  same volume a s  t h e  above one  i s  connec t ed  t o  a  

set  o f  t o i l e t s  s e r v i n g  t h e  v i l l a g e  p e a s a n t s .  The e f f l u e n t  

o f  t h e  1st - community p l a n t  i s  s u p p l i e d  ma in ly  a s  f e e d  t o  

t h i s  d i g e s t e r  f o r  f u r t h e r  t r e a t m e n t .  A l s o  a c a n a l  i s  

p r e s e n t  f o r  d i r e c t  d i s p o s a l  of eff luent  f o r  d r y i n g .  

3 .  Three  b a t c h  d i g e s t e r s :  Th ree  b a t c h  d i g e s t e r s  o f  8 m 3  

e a c h  a r e  l o c a t e d  nea rby  t o  t h e  l a r g e  community p l a n t s .  

The d i g e s t e r s  a r e  o f  t h e  v e r t i c a l  t y p e  w i t h  f l o a t i n g  

metallic g a s  h o l d e r s .  The d i g e s t e r s  a r e  f e d  p e r i o d i c a l l y  

u s i n g  t h e  an ima l  bedding  and c r o p  r e s i d u e  as raw 
m a t e r i a l s  f o r  f e e d i n g .  

G a s  s t o r a g e  system: The g a s  produced i s  s t o r e d  ma in ly  

i n  t h e  g a s  h o l d e r s  p r e s e n t  o v e r  e v e r y  d i g e s t e r .  HowGver, 



two nc1dit;ional. smi111. grrs ho.l.dorn n r o  l o c n t c d  i n  t h o  s m o  

p l a n t  s i t e .  A l l  g a s  h o l d e r s  a r o  connectad toge ther  t o  

form one  u l r i t  from which t h e  gas is  auppl iecl  to t h e  

f a r m e r s  housas .  

Ilowevor, thc g a s  p r e s s u r e  i n  t h e  gas  h o l d e r s  a r e  n o t  

e q u a l  t o  e a c h  o t h e r .  According ly  manual d a i l y  s e p a r a t i o n  

of g a s  h o l d e r s  i s  needed .  

Tire produced g a s  i s  t r a n s p o r t e d  t o  t h e  h o u s e s  u s i n g  a  

p i p e  n e t  o f  s t e e l .  The main p i p e l i n e  d i a m e t e r  i s  2 1 / 2  

i n c h e s .  The c o n n e c t i o n  from t h e  main t o  house  set i s  

1 1/2 i n c h e s .  The c o n n e c t i o n s  i n s i d e  t h e  house  i s  1 /2"  

s t e e l  p i p e .  

S u f f i e n c y  of b i o g a s  produced  f o r  t h e  d i f f e r e n t  f a m i l i e s  

i n  t h e  v i l l a g e :  The  volume o f  d i g e s t e r s  a v a i l a b l e  i n  t h i s  

l o c a t i o n  i s  v e r y  l a r g e .  However, t h e  g a s  produced was 

h a r d l y  s u f f i c i e n t  f o r  two h o u r s  o p e r a t i o n  p e r  d a y  of  one 

s t o v e  f o r  e a c h  f a m i l y .  Compared w i t h  t h e  I n d i a n  h a b i t s  of 

c o o k i n g ,  t h e  d u r a t i o n  o f  s u p p l y  i s  n o t  s u f f i c i e n t .  I n  a l l  

t h e  f a r m e r s '  houses  v i s i t e d ,  s t o v e s  o p e r a t i n g  on c r o p  res- 

i d u e s  was used  f o r  p r e p a r a t i o n  of l u n c h .  

The c r o p  r e s i d u e  s t o v e s  u s e d  a r e  o f  t h e  low e f f i c i e n c y  

t y p e s  w i t h o u t  chimney. A c c o r d i n g l y ,  t h e  house  s t i l l  d i r t y  

and  t h e  changes  due  t o  i n t r o d u c t i o n  o f  b i o g a s  t echno logy  

i n  t h e  v i l l a g e  are n o t  e v i d e . l t .  T h i s  can  c l a r i f i e s ,  why 

mos t  o f  t h e  f a r m e r s  a r e  n o t  w i l l i n g  t o  p a r t i c i p a t e  i n  t h e  

b i o g a s  sys t em a v a i l a b l e  i n  t h e i r  v i l l a g e .  

The c l i m a t e  i n  Maha ra sh t r a  s t a t e  i s  v e r y  s u i t a b l e  f o r  

e f f i c i e n t  b i o g a s  p r o d u c t i o n .  However, t h e  main c o n s t r a i n t  



suoma t o  bc t h e  d i f f Lciancy of cow d \ ~ l ~ r j .  I t  actcrns t.o rne 

t h a t  t h o  eoLu t ion  of t h c ~  enorgy in the rural areaH of 

I n d i a  s h o u l d  be b a e d  on b e t t o r  u t i l i z a t , i o n  of c r o p  r e e i -  

dues  o i t h o r  t o  p roduce  b iogns  by d r y  fermentation s y s t c n ~ s  

and/or  by development  of e f f i c i e n t  and h e a l t h y  stoves f o r  

d i r e c t  combus t ion  of crop r a s i G u c .  

A t  12 .30  P.M., a v i s i t  was c a r r i e d  f o r  a workshop narncd 

"Super  Welding Works" l o c a t e d  a t  a b o u t  50 km foBm Bombay. 

The workshop i s  one  of t h e  200 workshops l o c a t e d  i n  

Maha ra sh t r a  s t a t e .  These workshops c o n s t r u c t  t h e  g a s  

h o l d e r s  and a l s o  t h e y  a r e  d e a l i n g  w i t h  b u i l d i n g  of t h e  

d i g e s t e r s ,  p i p i n g  and s t a r t  up.  They g i v e  a one y e a r  

g a r a n t e e  f o r  t he  d i g e s t e r s  t h e y  b u i l t .  T h i s  workshop curl- 

s t r u c t e d  more t h a n  300 d i g e s t e r s  d u r i n g  t h e  l a s t  y e a r .  I n  

t h e  workshop t h e r e  a r e  10 l a b o u r s ,  t h r e e  of them a r e  w e l d e r s .  

These  workshops c o n s t r u c t e d  more t h a n  3000 b i o g a s  p l a n t s  i n  

Maha ra sh t r a  s t a t e  d u r i n g - - t h e  l a s t  y e a r .  Most o f  g a s  h o l d e r s  

c o n s t r u c t e d  d u r i n g  t h e  l a s t  p e r i o d  a r e  of t h e  t y p e s  d i p p e d  i n  

w a t e r  and  n o t  i n  s l u r r y .  

A t  1 . 0 0  P.M., I v i s i t e d  " B r i t t o  Gas ~ n g i n e e r s " ,  a  workshop 

f o r  gas h o l d e r  c o n s t r u c t i o n  and  a l s o  d i g e s t e r s .  I n  t h i s  

workshop t h e y  c o n s t r u c t  g a s  h o l d e r  from s t e e l  and a l s o  

from polyester r e i n f r o c e d  w i t h  f i b r e  g l a s s .  

The g a s  h o l d e r  i s  manufac tu red  f rom t h e r m o s e t  p l a s t i c s ,  p a r -  

t j c u l a r l y  u n s a t r u a t e d  p o l y e s t e r  r e s i n s .  These  r e s i n s  have  

good r e s i s t a n c e  t o  c o r r o s i o n  and a t t a c k  by c h e m i c a l s .  

However, t h e y  are  r e l a t i v e l y  weak and b r i t t l e .  The a d d i t i o n  



of. ir c a t a l  ynl. ~ ~ : ; \ l o l l  y rnc?t.hyl u o t . l ~ y l ~  k a t o n u  pt!raxJ.clo 

and  a ~ ! i . : ~ l ~ r ' i ~ t o r *  cabal t nnphthona lu  ( 6 %  coba11: i 11  aolkutiurr ) 

causeo t h o  r c r ; i r ~  to curo a t  room tornpernt,r~so without;  t h a  

need for  pressure  o r  h e a t .  G l a s s  Eibras i n  v n r i o u s  forms 

a r c  u s e d  t o  rei t lforcc p o l y e s t o r  t o  bring o u t  t h e i r  more 

s t1. encj t h e n .  

T h c  f i r - s t  s t e p  i s  t h e  making of a p a t t e r n  which is  genernl1.y  

made of wood. T h c  mou ld  i s  t h e n  p r e p a r e d  u s i n g  t h i s  p a t t e r n  

a s  a master. Fcmalc moulds a t e  u s e d  t o  o b t a i n  a  h i g h  f i n i s h  

on t h e  i n s i d e  of a rnouldiny and male moulds f o r  a h i g h  f i n i s h  

on t h e  outside.  To- o b t a i n  a  h i g h  q u a l i t y  f i n i s h  t 9 e  .\auld 

s u r f a c e  must be  a b s o l u t e l y  smooth and i s  t h e r e f o r e  p o l i s h e d .  

A l a y e r  of p l a s t i c  i s  brushed  f i r s t  and t h e n  g l a s s  f i b e r .  

Then b r u s h i n g  t o  have  comple t e  w e t t n e s s  and p r e s s i n g  t o  

remove a i r .  A d d i t i o n a l  r e i n f o r c e m e n t  i s  added and t h e n  

polymer .  T h i s  i s  r e p e a t e d  u n t i l  a t t a i n i n g  t h e  r e q u i r e d  

t h i c k n e s s .  The mould i s  a l lowed f o r  c u r i n g  acd t h e n  removed. 

The p r e p a r e d  p o l y e t h y l e n e  r e i n f o r c e d  w i t h  g l a s s  wool i s  

used a s  t h e  m e t a l  s h e e t  ( F i g .  3 5 ) .  WGlding i s  c a r r i e d  

u s i n g  p o l y e t h y l e n e  polymer and some f i b e r  g l a s s  is added 

i f  needed.  A 1 1  t h e  i n n e r  s u p p o r t s  o f  g a s  h o l d e r  a r e  con-  

s t r u c t e d  from m i l d  s t e e l  a n g l e s  as t h e  KVIC known d e s i g n .  

The upper  cone  i s  moulded a l s o  a s  shown i n  F i g .  36 and t h e n  

f i x e d .  

A t  2 . 0 0  P.M., I v i s i t e d  a nea rby  v i l l a g e ,  where  some b i o g a s  

u n i t s  of t h e  f a m i l y  size t y p e s  a r e  c o n s t r u c t e d .  A l l  t h e  

u n i t s  v i s i t e d  a r e  n o t  connec t ed  d i r e c t l y  t o  t h e  a n i m a l  

s h e d .  Some a r e  d i r e c t l y  connec t ed  t o  s e p a r a t e  t o i l e t .  Some 

o f  d i g e s t e r s  a r e  of w a t e r - s e a l e d  g a s  h o l d e r  t y p e .  One o f  



, F i g .  35 C o n s t r u c t i o n  of  R.F .P .  gas h o l d e r  

( I n d i a )  . 

F i g .  36 Moulding of t h e  c o n i c a l  r o o f  of gas 

h o l d e r  ( I n d i a )  . 



(jar; hol .dcra  wag f n l ~ r - i c a t o d  l r o m  polyoator' r o i n E o r c a d  w i t h  

f i b o r - y l n s o .  Tho d~(jrcC! of i m p l e m c n t n t . b n  o f  biogue t e c h -  

n o l o g y  i n  t h i s  arwa was v e r y  h i g h .  Ilowevor, i n  most cases 
t h e  b i o g a s  producad i s  ~ i o t  s u f f i c i e n t  E o r c o o k i n y  i n  h o u s e s  

d v c  t o  l a c k  of raw m a t e r i a l s  naodcd for  d i g e n t e r  f e e d i n g ,  

P o l l u t i o n  p r o b l e m  s t i l l  p r a s e n t  a s  t h e  u r i n e  i s  almost n o t  

t r e a t e d  and  f l o w s  a r o u n d  t h e  a n i m a l  s h e d .  F i g .  ( 3 7 )  i l l u s -  

t r a t e s  t h e  c o n v e n t i o n a l  KVIC d i g e s t e r  d e s i g n .  F i g .  ( 3 8 )  

shows some o f  t h e  gas  lamp d e s i g n s  u s e d  i n  I n d i a .  

A t  6 P.M., a m e e t i n g  was c a r r i e d  w i t h  M r .  H . R .  S r i n i v a s a n ,  

t h e  d i r e c t o r  o f  g o b a r  g a s  scheme i n  KVIC. He accompan ied  

u s  f o r  s e i g h t  s e e i n g  o f  Bombay t o w n ,  

Sunday ,  2 9  May 1 9 8 3 ;  

A t  1 0  P.M., a m e e t i n g  was c a r r i e d  w i t h  M r .  H.R. S i r i n i v a s a n  

i n  K V I C  o f f i c e .  S a t u r d a y  and Sunday a r e  g e n e r a l l y  h o l i d a y s  

i n  KVIC, however  M r .  S i r i n i v a s a n  accompanied  m e  t o  KVIC 

o f f i c e s .  A c h a n g e  o f  o p i n i o n  c o n c e r n i n g  b i o g a s  t e c h n o l o g y  

i n  I n d i a  a n d  Egyp t  was c a r r i e d .  A l s o  e x c h a n g e  o f  l i t e r a t u r e  

was c a r r i e d .  C o p i e s  o f  o u r  p u b l i c a t i o n s  o n  b i o g a s  t e c h n o l o g y  

were g i v e n  a n d  some books  a n d  l i t e r a t u r e  o n  KVIC d e s i g n s  and 

m o d i f i c a t i o n s - w e r e  o b t a i n e d .  

M r .  S i r i n i v a s a n  b r i e f s  t h e  s i t u a t i o n  o f  b i o g a s  t e c h n o l o g y  

i n  I n d i a .  I t  is p l a n n e d  t o  c o n s t r u c t  a b o u t  h a l f  m i l l i o n  

b i o g a s  u n i t s  d u r i n g  t h e  coming f e w  y e a r s .  ~ o s t  o f  t h e  u n i t s  

are o f  KVIC d e s i g n .  The C h i n e s e  t y p e  u n i t s  b u i l t  i n  I n d i a  

s u f f e r  from g a s  l e a k  p r o b l e m s .  Most o f  t h e s e  u n i t s  i n  
M a h a r a s h t r a  s t a t e  h a s  b e e n  m o d i f i e d  t o  i n c l u d e  f l o a t i n g  g a s  

h o l d e r .  





609,  
Miririg p i t  % I ,Gas p i p s  
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Figure 3 7 Common circular digester with floating gas 
holder (India) 



- Gas h o l d e r :  a t r y e r  was made t o  c o n s t r u c t  a f e r ro -cemen t  

di(jeetcjr and gas  ho l -der  ( F i g .  3 9 & 4 O ) .  However, gac l e a k  

f o r  gas h o l d e r  wae c o n e i d e r a b l e  and he  t h i n k s  t h a t  t h i s  

t y p e  is n o t  s u i t a b l e .  A p o l y e t h y l e n e  r e i n f o r c e d  w i t h  

f i b e r  g l a s s  s h e a t  is now used  for gas h o l d e r  c o n s t r u c t i o n .  

Plastic gas  h o l d e r  i s  o p e r a t i n g  w e l l  f o r  more t h a n  t h r e e  

y e a r s  i n  farmers' house n e a r  Bombay. The g a s  p r o d u c t i o n  

r a t e  is  some what h i g h e r  due  t o  t h e  d e c r e a s e  i n  h e a t  

losses and a l s o  t h e  e f f e c t  of s o l a r  r a d i a t i o n .  However, . 
no a c t u a l  e v a l u a t i o n  i s  a v a i l a b l e .  

T h e  gas h o l d e r  g i d e  i s  m o d i f i e d  t o  i n c l u d e  t h r e e  l e g s  

i n s t e a d  of  f o u r  i n  t h e  o r i g i n a l  d e s i g n  ( F i g .  4 1 ) .  The 

aim was t h e  r e d u c t i o n  of c o s t .  

The m e t a l l i c  g a s  h o l d e r s  a r e  a l s o  mcdi f ied  t o  s u i t  t h e  

wbke r - sea l  t y p e  d i g e s t e r .  The main m o d i f i c a t i o n s  a r e  

i n  t h e  i n s i d e  r e i n f o r c e m e n t  ( F i g .  4 2 ) .  

- D i g e s t e r :  M o d i f i c a t i o n s  have  been done f o r  development  

o f  w a t e r - s e a l e d  d i g e s t e r s .  Many d i g e s t e r s  a r e  c o n s t r u c t e d  

o f  t h i s  type t o d a y s .  The upper part of the d iges ter  i s  
c o n s t r u c t e d  f rom two concentric walls  (Fig.  4 3 ) .  The 

gas h o l d e r  i s  l o c a t e d  i n  t h e  w a t e r  f i l l e d  a n n u l a r  s p a c e .  

The i n n e r  w a l l  i s  f i x e d  on c a n t i l e v e r  from b r i c k s .  The 

s t ee l  o f  t h e  g a s  h o l d e r  g u i d e  shou ld  be h i g h e r  t h a n  t h e  

b a s e  by a b o u t  5 mrn, s uch  t h a t  t h e  l oad  i s  t r a n s m i t t e d  



F i g .  3 9  17erro-Cement d i g e s t e r  ( I n d i a )  . 

F i g .  4 0  Ferro-Cement gas holder ( I n d i a ) .  



F i g .  4 1  Modi f ied  gas h o l d e r  guide  ( ~ n d i a ) .  



Fig, 4 2  Water sealed gas ho lder  (India). 

. .-- 

F i g ,  4 3  Water s e a l e d  d i g e s t e r  ( I n d i a ) .  



A Lot of work is cont;J.rluad for clcvclol~rnr!nt of p r o f n b r i c : n t w "  

c o n c r e t e  digesters. l 'hc di.gest-.c!r i s  f a b r i c a t e d  from G 

ve r t i ca l  s l a b s .  The  p r e f a ' z r i c a t i o n  can a s s i e t  p r o p a g a t i o n  

. of technol. .ogy,  so lve  t r a n s p o x t a t i o n  problems and have good 

q u , ! l i t y  d i g e s t e r s .  

Sunday,  29  May; 

A t  2.00 P.M., I l e a v e d  K V I C  t o  Bombay a i r  p o r t .  A t  3 . 0 5  P.M. 

I t o o k  t h e  f l i g h t  IC187 t o  D e l h i .  

Monday, 30 May; 

A t  6 .30  A.M. a  t o u r  was done t o  v i s i t  Agra.  

a r r i v e d  back t o  t h e  h o t e l  a t  D e i h i ,  
-. 

Tuesday,  3 1  May; 

A t  8 . 3 0  P.M. I 

A t  1 0  A.M., I m e t  w i t h  M r .  Bhim Sen Sharma from hVIC-Biogas 

scheme, D e l h i  o f f i c e .  He accompanied m e  t o  Masudpur comm- 

u n i t y  p l a n t  l o c a t e d  a b o u t  22 km s o u t h  w e s t  D e l h i .  

The v i l l a g e  p o p u l a t i o n  i s  a b o u t  1200 p e r s o n s .  72 houses  

are p r e s e n t  i n  t h e  v i l l a g e .  50 houses  of  t h e  v i l l a g e  

a l r e a d y  have  b i o g a s  c o n n e c t i o n s .  

B i o g a s  p l a n t :  The re  a r e  two l a r g e  b i o g a s  p l a n t s  and t h r e e  

small o n e s . ,  The dung used  i n  f e e d i n g  t h e  p l a n t s  is t r a n s -  

p o r t e d  f rom a l a r g e  a n i m a l  shed  l o c a t e d  a b o u t  1 /2  km f a r  

f rom t h e  b i o g a s  p l a n t .  The dung i s  mixed w i t h  water mecha- 

n i c a l l y  i n  a good made s p e c i a l  mixing chamber ( F i g .  4 4 ) ,  



'h'ooden gauge 

Level with 

Angle iron ( for  breaking up slur; y )  

Setting of the beater 

F i g .  4 4  S l z r r y  mixing machine. 



and thon  fad t o  t h o  c l i q u s t o r . .  r tc?tc!~~t lon tAmo 1.0 botwtlon 

10-50  d a y s .  About 1 4 0  m3 b i o g a s  io producod d a i l y .  T h i s  
3 amount can  be decraased o n l y  t o  1 2 0  m /day d u r i n g  c o l d  

w i n t e r  eoason .  Tho hdgh  s t a b i l i t y  and  l a r g a  p r o d u c t i o n  

rate  of t h e  p l a n t  i s  ma in ly  due  t o  i n c o r p o r a t i o n  of grean 
houea which a a s i e t e  i n  m a i n t a i n i n g  the optimum t e m p e r a t u r e  

of  f e r m e n t a t i o n  a l l o v e r  t h o  y e a r .  About 1 4  O C  i n c r e a s e  

i n s i d e  t h e  g r e e n  house  was n o t i d e d  d u r i n g  t h e  h o t  s e a s o n .  

E v a l u a t i o n  o f  t h e  g r e e n  house d u r i n g  c o l d  s ea son  i s  n o t  

f i n i s h e d  y e t .  However, it i s  expec t ed  t o  have good p e r -  

formance e f f e c t .  The  g r e e n  house i s  made from wooden 

s u p p o r t s  cove red  w i t h  p o l y e t h y l e n e  s h e e t s .  

The v i l l a g e  i s  v e r y  c l o s e  t o  t h e  d i g e s t e r s ,  A main p i p e  

of 2  1/2"  t r a n s p o r t s  t h e  g a s  t o  t h e  v i l l a g e .  Branches  

of  1 1/2"  i s  used t o  c o n n e c t  t h e  g a s  s t r e a m  t o  t h e  house  

and a  1 /2"  p i p e  l i n e  i s  used i n s i d e  t h e  house .  

The g a s  produced i s  s u f f i c i e n t  f o r  t h e  h o u s e s ' c o n n e c t e d .  

Every house  i s  t o  pay 25 R/month a s  a  f e e  f o r  g a s .  Number 

of  houses  connec t ed  t o  t h e  s e t  i s  i n c r e a s i n g .  However i t  

s h o u l d  b e  n o t e d  t h a t  i n  t h i s  a r e a  t h e  c u l t i v a t e d  l a n d  i s  
n a t i o n a l i z e d  and a c c o r d i n g l y  most o f  t h e  house  h o l d e r s  a r e  

n o t  f a r m e r s .  S u c c e s s  o f  t h e  p l a n t  i s  i n d i c a t i v e  o f  t h e  

p romis ing  i n d u s t r i a l  p l a n t s  s u c c e s s  and n o t  t h e  community. 

As t h e  f e e d  mater ia l  i s  n o t  dependen t  OH t h e  v i l l a g e r s .  

The e f f l u e n t  is d r y e d  and u t i l i z e d  a s  f e r t i l i z e r .  P a r t  o f  

t h e  g a s  i s  used  f o r  p r o d u c t i o n  o f  e l e c t r i c a l  power u s i n g  

dual  e n g i n e  o p e r a t i n g  on b o t h  g a s  and d i e s e l  oil. 

The development  sits i n c l u d e s  some o t h e r  non -conven t iona l  

e n e r g y  s o u r c e s  l i k e  wind m i l l  f c r  pumping o f  ground w a t e r  



o o l a r  cooker f o r  pr~!ptl  ra  t . l c ) t l  of 1.00~1 i l r l d  photsvol  t a i o c  f o r  

c h a r g i n g  of lattorico. Tho bnttarios is used for  oporntion 

of colourecl T . V .  for  t h e  cornnrunity. 

A t  9 . 1 0  P.M. I t a k e  t h o  f l i g h t  J L  461 to arrive at Cairo  

a t  3 . 0 0  A . M .  of t h e  1st of June 1983. - 


